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L&i néi dau

Didu khién mdt hé théng la tim cdch can thiép vio hé théng dé hidu chinh, d¢ bién
_ddi sao cho no co duwve nhitng dic diém, tinh chdt ma ta mong muon. Nhu vdy ro rang
_khi thuc hién céng viéc diéu khién, ta cdn phdi tién hanh cde bude sau ddy:

- Xdc dinh phuong tién can thiép tic bén ngoai vao hé théng. Vi hé théng giao tiép
udi méi trudng bén ngoai bing nhitng tin hiéu vao, ra ctia nd nén chi ¢é thé thong
qua tin hidu vao— ra ndy ta mdi cé.thé can thiép dudc vao hé thing. Mudn can
thiép cd hidu qud ta phdi hiéu rd bdn chat tin hiéu cia hé thong la tién dinh, ngdu
nhién, lién tuc hay khéng lién tuc.

~  Sau khi dd hiéu ro bdn chdt, phuong tién can thtep hé thong thi bide tiép theo
phdi mé td hé thong. Hinh thicc mé té duoc ding nhiéu trong didu khién la mé
hinh todn hoc biéu dién méi quan hé giita tin hiéu vao-ra ciia hé thong.

~-  Vdi mé hinh mé té da co, tép theo ta phdi xdc dinh xem hé théng hién dé c6
nhitng tinh chdt gi, cdc déc tinh nao cdn phdi stta dit vi sie doi nhu thé nao dé hé
6 dutge chdt luong nhu ta mong mudn. Né6i cdch khde phdi chi ro titng nhiém vu
clia sy can thiép. . ‘. :

- Cudi ciing, khi da xdc dinh duge ticng nhiém vy cu thé cho viée can thiép ta sé tidh
-hanh thue hién viée can thiép do. '

Noi dung cudn sdach "Ly thuyét diéu khién tuyén tinh" niy duoce trinh bay theo
diing thit tu cde bulde néu trén khi thue hién bai todn didu khién. N6 duge chia thanh bon
chuong:

Chuong 1 trinh bay cde phuong phdp mo td tin hiéu, nhitng hinh thic biéu dién tin
hiéu khdc nhau cd trong mién thoi gian ldn trong mién tan s6.

Chuong 2 la noi dung cdc phuong phdp mé td hé thong.

Chuong 3 phuc vu viée phdn tich hé théng. N6 mé td nhitng phuong phdp khdo sdt,
xde dinh cde tinh chdt vén ¢6 clia hé théng ciing nhu su dnh hudng ciia sy can thiép tit
bén ngoai dot vdi nhitng tinh chdt nay.

Chuong 4 & phdn mé td cdc phuong phdp téng hap, thiét ké b diéu khién, tao ra

duge su can thiép cdn co vao hé thong.

Do duve phén chia theo cdc bude thuc hién bai todn diéu khién nhu vdy, chit khong
theo ching loai hé théng, nén mdi chuong ctia quyén sdch niy sé chita dung ludn cd cdc
phdn vé hé SISO (mot vao-mat ra), hé MIMO (nhiéu vao-ra), hé lién tuc, hé khong lién
tuc. Nhitng ban doc chi quan tdam dén mét chiing loai hé théng nhdt dinh sé déu tim thay



hé do trong cd bon chuong cia quyén sdch. Ngodi ra, quyén sdch con cé rdt nhiéu ede vi
du minh hga phuc vu cho viée tim hiéu ctia ban doc duge nhanh vé thudn tién.

Quyén sdch ¢d muc dich la gidi thiéu viti ban doc nhitng phiong phdp phén tich va
thigt k& bé didu khién co bdn dé can thiép vao hé tuyén tinh. Dong cd chinh thic ddy tdc
gid viét gquyén sdch nay chi don gidn la muén dua dén cho cdc ban sinh vién dai hoe, cao
hoc nginh Diéy khién tw dong, nganh Tuw dong héa thém mot cong cu hé tro vide tw hoc,
thém mat tai liéu tém tat tuomg d6i tong quan vé mat ly thuyét diéu khién tuyén tinh,
gip cho cdc ban cé duge mét cdi nhin xuyén sudét vé mén hoc Ly thuyét hé théng diéu
khién c6 trong ngank minh theo duét. Xa hon nita, tde gid ciing mong mudn ¢é thé dua
dén duge cho ban doc & nhitng linh vie khdc mét quyén sdch tra citu cde khdi niém, cde
phudng phap Iy thuyét vé phin tich tong hop khi phdi gidi quyét mat bai todn didu khién.

Quyén sdch 6 & da klong the hoan thanh duge néu khong cd sy giup dd, tao didu
kidn thudn loi cta cde ban ddng nghiép trong Bo mén Piéu khién tu déng, cua Trung
tam trac doi Khoa hoc vi K§ thudt Viét-Die, Truing Pai hoc Bdch khoa Ha Néi, noi tdc
gid dang cong tdc. Tde gid mudh gui nhitng It cdm on chan thanh dén ho.

Sé khong the cé dugc quyén sdch néu khong 6 su cdm théng, chiu dung, giup dd cia
hai thanh vién khdc trong gia dinh tdc gid la vo va con gdi. Bi vdy tdc gid thdy ring
minh con c6 mét nghia vu phdi hoan thanh quyén sdch diing vao dip sinh nhét ho dé bay
to long biét on.

Mdc di: da o6’ géng cdn thén, song chdc khong thé khong cé thidu sot. Do do tde gid
rit mong nhdn dudc nhimg gop v stia déi hay b6 sung thém tiz phia ban doc. Thu gop y
xin gii vé:

Trutng Pal hoc Bach khoa Ha Nl
Khoa Dlén, 83 mon Dléu khién Ty ddng.
$6 1 Pai €& VIgt. C9/305-306

Ha N5, ngay 4. va 5.11.2001

Tac gla
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1 MO TA TIN HIEU

1.1 Khai niém chung
1.1.1  Dinh nghra tin hiéu

Tin hiéu x(t) duge dinh nghia nhu la mét hdm 56" phu thudc thoi gian mang théng
tin vé cac thong s6 ky thudt duge quan tdm trong hé théng va duge truyén tdi bdi nhitng
dai Iuong vdt Iy, néi cach khac tin hidu 12 mét hinh thic bidu dién thong tin. Ta s& 1y
mét 58 vi du minh hoa cho dinh nghia vita trinh bay.

Vi dy 1: Chang han dé diéu khién mét binh nudc sao cho muc nudc trong binh luén l1a
hang s6 khong d6i thi d6 cao cit nudc trong binh sé la mét trong nhiing théng s6 ki
thuat dude quan tdm ctia hé théng. Gia trj vé dd cao cft nude tai thoi diém ¢ duge do béi
cam bién va duge bidu didn thanh mét dai lugng dién ap dusi dang ham s6 phu thuge
thdi gian () c6 don vi 1a Volt. Dai lugng vat ly & day 1a dién ap da duoc st dung dé
truyén tai ham thai gian w(f) mang théng tin vé d6 cao cét nudc. — a
Vi du 2: Dé diéu khién nhiét d6 thi tdt nhién nhiét d¢ hién thoi la mot thong s6 ky thuat
cia hé thgng duge quan tdm. Gia tri nhiét d¢ tai thdi didm ¢ duéi dang gia tri clia ham
56 phu thudc thdi gian i(f) duge do bdi cm bién va duge biéu dién thanh mét dai lugng
dong dién c6 don vi la Ampe. Nhu viy tin hiéu i(f) 12 mét ham thoi gian mang théng tin
v& nhiét dd trong phong tai théi diém ¢ va duge truyén tai bdi dai lwong vat 1y 1a dong
dién. a

Trong mét hé théng co6 thé 6 nhidu tin hiéu x,(8), x5(t), ..., x,(t) duge quan tam
ciug mot hic. Tat ca cac tin higu ditge quan tdm d6 sé .thuong dude ta ghép chung lai
thanh moét vector tin hiéu ky hiéu boi:

x1 (£)
x)=| : |, tidcla vector s& dugc ki hidu thém bang ddu gach chan.
xp(f)

1.1.2  Phan loai tin hidu

Bo tin hidu x(¢) ¢6 mé hinh la mét ham thai gian nhu dinh nghia wvita néu thi phu
thuée vao dang mién xac dinh cling nhu midn gia tri ctia ham 86 x(t) la lién tyc hay roi
rac ma tin hiéu x(£) ¢6 thé duge phan thanh bén kiu nhu sau:



- Tin hi¢u lién tue, néu x(f) cé6 mién xac dinh lién thong. N6i cich khdc mién xac
dinh cta tin hiéu lién tuc x{¢) 1a mdt khoang thoi gian.’

- Tin hig¢u khang lién tuc, nfu x(¢) c6 mién xic djnh la cac diém r8i nhau, titc 1a
dudng ndi hai diém ba't ky cia mién xac dinh s& khéng nAm hoan toan trong mién
xac dinh (cac diém khong lién thong véi nhaw).

—  Tin hiéu tudng ty, néu x(f) cé6 mién gia tri lién thong, titc 12 mién gia tri cia x(f)
phai 13 mét khoang thujc R.

—  Tin hiéu rdi rac, néu mién gia tri cia x(2) 1 cac diém rdi nhau trong R.

Bon kiéu tin higu trén chi la sy phan loai co ban theo mién x4c dinh hodc theo mién
gia tri cha x{t). Trén cd s6 bon kiéu phan loai co ban d6 ma mjt tin hidu x(2) khi duge dé
7 chung ddng thdi téi ca mién xéac dinh va mién gia trj c6 thé 1a:

a) dang tin hiéu lién tuc - tuong tu,

b) dang tin hidu khéng lién tuc — tuong tu,

¢) dang tin hiéu lién tuc - r0i rac,

d) dang tin hiéu khéng lién tuc - rdi rac,
trong d6 dang tin hiéu khéng lién tuc ~ rdi rac con ¢6 tén goi 14 tin hidu s6. Hinh 1.1
minh hoa tryc quan cho bén dang tin hiéu vira trinh bay.

T x() 4 x{(t)
4.5
i i
S e B
’ 2 ped |
t ; b | L;
Uén tyc - tuong ty uén tyc - rdl rae
4 x(8) A x(2)
- PP s SO R —— Tl
' : : E""_:{ 4,277~ : : P YN
[ N 38 [
A | [} [} ] £ ] 1 i ] [}
i \ ] ) 1 i &~ 1 1 t 1 I
AU NS B
R I T T R [ T R T
R T N T R R e !
T 2T 3T T aT 3T
Khang lién tyc - tuong ty Khéng lign tyc - rdi rge

Hinh 1.T: Cac dang tin hidu khac nhau.



Vi du 3: Gia sl ta ¢6 tin hiéu lién tuc - tueng ty x(t). D& xit 1y tin hiéu x() bing nhitng
thuat toan chay trén may tinh ngudi ta cin phai trich miu tin hiéu tai nhitng diém thai

gian cach dén nhau T, dugc goi 1a thdi gian trich mau. Néu day cac gia tri tin higu {xz)
thu duge véi xp, = x(kT,) dudc xem nhu mét tin hiéu thi do mién xac dinh cila {x;} 1a tap
diém dém duge

lt=kT, | k ez}, Z 1a ky hiéu chi tap cac sé nguyén

(khéng lién thong) nén day {xj} 1a tin hiéu c6 dang khéng lién tuc — tudng tu.

Tin hiéu khéng lién tyc — tuong ty |xz} vAn chua thé xi 1y dugc bang may tinh bai
vi may tinh chi lam viéc duge véi s6 hitu ty trong mét khoang cho phép, trong khi xp, c6
thé 1a mat s6 thyc bat ky (vi du nhut s6 v6 ty J2 ., 3 , @, ...). Khodng céc gia tri hitu ty

cho phép phu thuge vao loai may tinh, ngén ngit lap trinh c@ing nhu kidu khai béo bién
cia ugén ngit 1ap trinh d6. Chdng han bi&n thyuc kiéu double clia ngdn ngit lap trinh C

chi lam viée duge vdi nhitng sé hitu ty trong khoang tit -1,7-1072%8 ggn 1,7-10%% hod#ic véi
biéu kiéu long double thi khodng cho phép 1a tir -1,1-107*9%2 d&n 1,1-10%%%2,

Bdi vay buéc tiép theo cdn phai lam 13 xdp xi cac gia tri x; thanh &8 hilu ty gén
nhit, ky hidu 13 %, , nhung khong ndm ngoai khodng cho phép. Viéc x8p xd {x;} thanh
{ X5 } vo hinh chung da réi rac héa mién gia tri ciia x(?). Mién gi4 tri cha | %p } bay gig
la tap cac s hiiu ty (cic diém khong lién théng). Vi du

308

{Zp eq | -1,7107% < 5, <1,710%%%, Qla ky hiéu chi tap cac s& hitu ty

va do d6 day { Xp | 14 tin hiéu khéng lién tye - roi rac (tin hidu s5). m)

1.4.3  M{t s tin hiéu dién hinh

Trong vé s6 cac cac tin hi¢u véi nhiéu dang khac nhau, diéu khién tuyén tinh c6
mét syt quan tam dic bigt d€n mét so tin higu dién hinh thudng gap trong ting dung. Dé
14 cac tin hiéu bic thang (Heaviside), tin hiéu tding déu, tin hiéu xung vudng va tin hiéu
dirac. Tdt ¢a cac loai tin hifu nay déu c6 mot diém chung la cé tinh causal (tinh nhén
qua), tite la:

x() =0 khi ¢<Q.
1) Tin hidu bac thang (con goi 1a ham Heaviside) 1a tin hiéu dinh nghia boi

) 1 khi ¢20
1) = .
- |0 khi #<0O

Cho mdt tin higu x(¢) bt ky. Néu x(¢) lién tuc, kha vi titng khuc va c6 gidéi han



lim x(¢)< o {tie 12 bi chan)
1w

thi né bidu dién duge théng qua ham Heaviside nhu sau:

x(t) = x(—c0) + Oj? %r—)l(t -rdr.

-0
2) Tin hiéu tang d8u duge xac dinh qua céng thitc

t khi t=0

x(6) =116) ={o khi t<0

. 8) Tin higu xung vudng, dinh nghia bai

ra®) = TL (1) - 1¢-Tl .
a

‘Fl(t) () Tang déu " 4 re(®)
84c thang L Xung vudng
1 , Ta.
t t t
Tﬂ.
Hink 1.2: Cac tin hidu bac thang. tang déu va xung vuéng.
4) Tin hiéu dirac (con goi la ham md ring delta)
&= L10= lim ry(®)= lim —fo) -1z-T,)). (1.1)
dt Ty —0 Ty 07,

Mot tin hidu x(¢) tdy ¥, uéu lién tuc vdi —o<¢<w thi cé thé xap xi thanh (hinh 1.3)

x(f) = E:x(kTa Walt - kT )T,

=—00

Bdi vay vdi T,— 0 ta sé cb

x(t) = oj?x(r)é(t -7)drt 1= x(ty) = Ié(t —tg)x(t)dt . ‘ (1.2a)

vi &¢) }a ham chéin. Cong thic d6 1 céng thite mé ta qua trinh trich mAu x(¢) tai ¢, .

Tin hiéu dirac la mét ham dac biét. Tinh dic biét nam & chd tin hiéu nay vugt ra
ngoai y nghia ham s& théng thuong. Ban than né khong cé ¥ nghia haim s6 nhi dnh xa
ti R vao R ma nhiéu han né 1a mot phép tinh theo nghia phi€m ham tuy&u tinh cé tac
dung chuyén mét ham thigng thanh mét s6 thye:



=]
x(0) = [&(e)x(t)dt tacla &gz x(t) - x(0). (1.2b)
—o0
Bdi vay phép nhan giita phiém ham dirac &¢) véi mét ham thudng vé mat toan hoc la
khéng c6 nghia va luén phai duge hidu 1a phép tich phan (1.2b), tie ta:
Binhnghia <«
sox(e) = [S(®)x(e)dt = x(0). (1.2¢)
—an ’
Bén canh (1.1) ngudi ta cén sit dung tin hidu dirac dudi nhiing dang céng thuc dinh
nghia khac nhau nhit:

=] a 3
&) =$ Jcos(et)dew = lim 1 J cos(wt)dew= lim M. (1.2d)

—a a—sm &l _g a—ro

O — e &)

Hinh 1.3 TIn hiéu dirac va xap xi
tin higu bat ky nhd ham xung
vuéng.

L)
] ]
i

) {
] 1
) 1
t ]
L} ]
L i

v
v

X&p xi x(2) nhd xung vudng Tin hldu dirac

1.2 Todn tir Fourier cho tin higu lién tuc

Trong qué trinh nghién citu tin hid¢u x(f) ngudi ta thudng quan tim dén dac tinh tén
s6 cua nd. €Céng cu hitu hiéu giup viée khao sat dic tinh tdn s6 cia x(f) 1a toan tit
Fourier. N6 gip ta ¢6 th€ biu difn tin hiéu x(f) théng qua tip cac dao ddng ctua né,
trong d6 méi dao déng lai 1a mét tin hiéu diéu hda dic trung cho tinh chét cha x(¢) tai
diém tdn s6 nhat dinh.

1.21  Anh Fourier cla tin higu tudn hoan

Trudc hét ta xét tin hidw:
x(t) = Acos(ewgt — @).
Day la tin hiéu dang dac déng diéu hda véi tan s8 dao dong la ay . Ap dung cbng thic
Cauchy
eja =cosa tjsina

tin hiéu x(¢) sé biéu didn dtge bai:



x(t) = ce?¥0F 4 7o IV0F,
Y W P 4 ey s \
trong d6 ¢ —Ee va ¢ la ky hiéu chi s6 phite lién hgp cta c.

M0 réng cach bidu dién trén cho mét tin hidu tudn hoan x{t) bat ky ta duge: N&u tin
hiéu x(f) théa man: .

a) x{t) = x(t+T) véi moi t, (tudn hoan véi chu ky T)

b) x(¢) lién tue titng khic trong khoang 0< #<7T,

¢) tai difém khéng lién tyc £y € [0,T) thoa man

. I(to) = % [I(to—o) + x(to+0)],

d) =x(¢) trong khoang [0, T) chi c6 hitu han cic diém cye tri,

thi tin higu x(¢) biéu di&n duge dudi dang mdt chudi Fourier nhu sau:

an e 8] .
x@)= 3 Agcos(kwpt-gp)= Y cpeltwot (1.3a)
k=0 n=—w
vii
1 T , ' -
n =?Ix(t)e_'mw0 dt n=..,-1,01, .. (1.3b)
0

trong d6 &, =c, néux(z) la tin higu thyc va &, 1a gia tri phiic lién hop ciia c,,.
Phép bién d6i x(t) > {c,} theo (1.3) 1a m¢t don 4nh.

1.2.2  Anh Fourlier ciia tin hidu khéng tun hoan

Né&u mét tin higu x(2)} théa man:

feo)
a) Tlx(t)[dt < w, titc la tich phin ﬂx(t)]dt héi ty,

—w -

b) x(f) trong khodng hitu han bat ky lién tuc tirng khiic,
¢) taidiém khong lién tuc £, thod man x(Zg) =-;— [x(t;-0) + x(tq+0}],

d) x() trong khoang hiru han bt ky chi c6 hiu han cac diém cue tri,

thi x(¢) biéu difn duge dusi dang tich phan Fourier nhu sau:

X(a) =z} = [x()e”I%de | (1.4a)
va  x)=F Hx@) =2L [X(jw)ei™de . (1.4b)
T



Ham phitc X(je) dude goi 1a dnh Fourier (hay ph6) clia x(2). Khi x(2) la tin hiéu thye

{c6 mién gia tri thuse R) hotic phite nhung x() = x(¢) thi X(jw) sé& con thoa min:
i/

1)

2)

3)

4)

6)

7

8)

X(jo) = X(jmw).
Toan tit Fourier F:x(t) —» X(jw) cé nhitng tinh chit quan trong sau:

Toan t& Fourier la Anh xa mét—-mét, tic la ndu x() # y(#) thi ciing ¢ X{fo) = Y(iw),
trong 46 X(jw) la anh Fourier cia x(f) va Y(jw) la anh Fourier ctia y(¢).

Phép bi€n d6i Fourier la todn t& tuyén tinh. N&u x(¢) c6 anh Fourier X(jw) va y(f) ¢6
anh ¥(jw) thi téng tuyén tinh z(t) = ax(t)+by(£) ctia ching sé cé anh Z(jw) 12
Z(jw) = Flax(t)+by(@®)) = aX(fo) + bY (jw).

Néu x(t) 12 ham chin, tite 12 x(f) = x(-¢) thi anh Fourier X(jw) 12 ham thyc (phédn o
clia né bang 0).

Néu x(¢) 1a ham 18, tic 14 x(f) = —x(—£) thi anh Fourier X() ciia né 1l ham thuén ao
(phén thuyc ctia né bing 0).

Néu X(jw) 1a anh Fourier ctia x(¢) thi dnh ctia ¥() ='x(¢-T) sé la

. . —jeT
Y(jo) = #lx(t-T)) = X(ape ™" .
Néu X{jw), Y(jw) la anh Fourier caa x(t), ¥(f) va tich chap

a0
x(8)*y() = I:c(r)y(t -7)dr .
-
¢6 dnh Fourier thi anh d6 sé la

Fx@O)*y®)) = X(w)Y(a).

Tich z(t)=x(£)y(t) ctia x(t) c6 anh Fourier X{jw) vdi y(t) c6 anh Y{jw) 56 c6 anh Z(jw) la

Z(je) = X(jo)*Y(jeo) = % fxGoYLiw-0lde .

-
Goi X(jew) 12 anh Fourier cia x(¢) va Y(je) 12 dnh clia y(£)=(-jt) " x(f). Vay thi
d*X(jw)

do™

Y(jw) =

Vi du 4: Xét tin hidu

1 khi Jf|<T
x(t) =
0 khi te[-7.7]

Tin hiéu nay cé anh Fourier l1a

T . . ‘ '
X(ie) = [ de=—{ eJoT — gmjol )< Zsinel
-T Jo @



va anh d6 thoa man:
. . . 2sinwT
lim X(jw)= lim —— =
|(u|—)oo Iw]—wz @

0. (1.5)

Tinh chat (1.5) chi ring nhitng thanh phin dao ddng vdi tn s6 cao trong x(¢) 1a rit
nhé va ¢6 thé bé qua khi o} > wg , trong d6 wg 1a tdn s& gidi han da 1én (hinh 1.4). Bai
vay néu nhu trong x(£) cé 1An nhiéu r(f) tin sé cao:

X =x(t) + n®)
thi ta c6 thé loc x(f) ra khéi X(¢) bing cach tinh anh Fourier X(jw) clia (), bé di tat
ca nhing thanh phin c6 tin s6 cao hon wg trong X(jw) theo cong thite:
1 khi |o|swg

X(o) = X(jo) W), v6i W(w) =
(o) = X(jw) W(w), véi (w) 0 khi o|>wg

rdi chuyén ngude lai mién thoi gian vdi phép bign déi ngude (1.4a) dé o x(). a
) X(jw)
Hinh 1.4 Tin hidu x(2) va anh Fourier t @
X(jew) cha nd. >
-T T g g

Vi dy 5: Dya theo cong thde (1.2b) thi anh Fourier caa tin hiéu dirac x(¢) = &2) sé 1a

X(w) = [Seide =T =1, o

e w=0

1.3 Toan tir Laplace cho tin hiéu lién tuc

Toan tit Fourier, nhut dd néi, 1d mét cdéng cu hitu hidu giup cho viéc khao sat dic
tinh tan s8 cia mot tin hién x(¢). Nhung né cing ¢6 nhuge diém 1a bi giéi han trong mét
16p cac tin hidu kha nhd do chiing phai théa man cic diéu kién d€ c6 thé tén tai anh
Fourier X(jw). Ngay ca nhitng tiu hidu phd théng thudng gap trong diéu khidn nhu tin
hiéu bac thang 1(¢), tin hidéu tiang déu x@)= t1(@), ... cing khéng c6 anhk Fourier (theo
nghia hep nhu dinh nghia néu trong 1.2.2). Ly do chinh cho giéi han trén cila toan ti
Fourier 1a diéu kién



[lx(@)dt < (1.6)

—->
phai cé ca tin hidu x(¢).

DéE c6 thé md réng 16p cac tin hidu cé dnh trong mién tdn si gidng nhu anh Fourier,
ngudi ta da xdy dyng nhidu 1§ thuy&t véi cac toan tir khac nhau nhu toan tit Fourier md
rong, toan ti Laplace ..., trong dé toan tir Laplace ddc biét c6 ich cho viée phin tich mot
hé théng didu khién k¥ thuit ma 8 dé cac tin hidu x(#) thuong gap 1a tin hiéu causal
(c(©)=0 khi ¢<0).

¥ tudng chinh cho viée xay dung toan tit Laplace véi mét tin hidu causal 1a tim mét
hing s6 duong e di lén sao cho tich

Zy=e Ta(t)
théa mén didu kién khat khe (1.6). Diéu nay la cé thé vi bao gié ta ciing tim duge a
dudng dii 16n dé ham ¢ %’ tién vé 0 nhanh hon x(f) mét cach tiy ¥. Do d6 sé lam cho
ao

lim %(¢) vé O vdi van t6c ma ta mong muén va din dén ”’JE(I)‘dt < .
t—w
0

1.3.1  Phép bién ddi Laplace thuin

Néu tin hiéu x({¢) thoa man
a) x() = 0 vdi¢<0,

o
b) ”x(t)'e_:z 'dt < vdi mt a dueng dn 19m,
a :

c) x(t) trong khoang hitu han bAt ky lién tuc tirng khic,
d) tai diém khéng lién tuc ¢, thoa man x{ty) =% [x(t—0) + x(t4+0)],
e) x(t) trong khoang hitu han bat ky chi ¢é hitu han cac diém cue tri,

thi tén tai
X(s) =|x(t)} = [x(t)e Hdt
0

1 ¢t Jo :

x(t) =2 H{X(s)} = o | X(s)e®'ds (1.7b)
o o

trong d6 s = c+jw va c>a. Gia tri a dugde goi 12 ban kirh kéi tu clia tich phan. Ham phitc

X(s) tinh theo (1.7a) duge goi la drh Laplace cGa tin hiéu causal x(¢).



Gifng nhu toan tir Fourier, phép bién déi Laplace £: x(f) — X(s) ciing ¢6 cac tinh

chit duan trong thudng duge sit dung nhut saw:

1y

2)

3)

4)

6)

7

8)

9

Tink don dnh: Phép bién ddi Laplace 4nh xa mét-mét, tic 14 néu x(£) # y(¢) thi ciing
¢6 X(s) = Y(s), trong d6 X(s) 12 Anh Laplcae cha x(¢) va Y(s} la anh cta y(¢).

Tinh tuyén tinh: Phép bién d8i Laplace 1a toan ti¢ tuyén tinh. N&u x(2) c¢6 anh X(s)
va y(2) c6 anh Y{s) thi téng tuyén tinh z() = ax({t)+by(f) clia ching s& cé anh Z(s) 1a

Z(s) = aX(s) + bY(s). (1.8)
Phép dich truc: Néu X(s) 1a anh Laplace cta x(¢) thi dnh clia y(£)=x(t-T) sé la
Y(s) = X(s)e *7 . 1.9)

PR

Phép nén: Néu X(s) 1a anh Laplace cfia x(¢} thi anh cia y(t)=x(t)e—at séla
Y(s) =Xt . (1.10)
Anh ctia tich chép: N&u X(s), Y(s) 1a anh ctia x(£), () thi tich chap

z({t) =x({)*y@®) = Ix(r)y(t —-r)Mdr.
¢6 anh )
Z(s) = X(e)Y(5). (1.11)

R ) i
‘Anh ciia tich phan: Néu X(s) 14 anh caa x(¢) thi tich phan y(f) = j' x(t)dt c6 anh la

0
Y(s) = -& (1.12)
s
, ) . v , . . R _dx(t) oo
Anh cua dao ham: Néu X(s) 1a anh cua x(f) va y(t) 1a dao ham y(t) = thi y({) cb6
anh
Y{(s) = sX(s) — x(+0) {1.13)

Dao ham ctia drh: Néu X(s) 1a anh cia tin hidu causal x(¢) va Y(s) 13 Anh cling clia

tin hidu causal y()= £*x(¢) thi
n
¥ =(-p? 428 w14
Dinh ly vé gidi han thi nhdt: Néu tdn tai gidi han lim x(¢) thi
tso

lim x(¢) = lim sX (s) trong d6 X(s) 1 anh Laplace cua x(). (1.15a)
o &80

10) Pink Iy vé gidi han thi hai: N&u tén tai giéi han 1in(1)x(t) thi
. t—

10

2(+0) = lim x(¢) = lim 2X(s) trong 46 X(s) la Anh Laplace cia x(¢t). (1.15b)
t—0 5>



Trong 56 cac tinh chit viza néu, hai tinh chét cusi duge phat bidu dudi dang dinh 1y
vé gidi han, cuing vdi phép dich truc (1.9), cé ¥ nghia diic biét quan trong trong viéc xac
dinh gia tri clia tin hidu x(#) tryc ti€p ti Anh Laplace X(s) clia né ma khéng cdn chuyén
nguge X(s) vé mién thoi gian theo céng thitc (1.7b). Pidu kién dé ap dung duge chiing la
phii cé gidi han lim x(¢) hay lim x(2).

t—wo t—0

Vi dy 6: Tin higu hing x(¢) = & vdi ¢ = 0 ¢6 anh Laplace 1a

< k
X(s) = kfe’“dt ==,
o s

Vidu 7: Ap dung céng thic (1.10) va vi du 6 cho tin hidu x(2) = e 1{t) ta c6 anh X(s) clla

2

no

X(s)= k . 0
s+a

VI du 8: Tin hiéu ting déu x() = £1{f) c6 dnh Laplace 1A
=)
—si o —gt
1
— Ie dt = - O
o 0° 8

te

X(s)= [te¥dt=
o}

Vi du 9: Theo tinh chit tuyén tinh va k&t qua cla cac vi du 6, 7 ta c¢6 anh Laplace X(5)

— -t
ciia tin hiéu causal () = k(1 -e T Y1) = k1) - keT 1(®) 1a
E Rk
X s 1 T s(1+Ts)

S+

Véi cong thitc X(s) vita ¢ ta sé ki€ém tra lai cac dinh 1y vé gidi han nhat sau:

x(+0) =0

va
lim sX(s)= Ii =0
§m ) sipn:ol+TS

tdc la

x2(+0) = lim sX(s) = 0.

§—>o0

Tuong ty ta cling c6
-~

lim x() = lim k(1—e T )=k

t—ow t—w
va
. . k
lim £X(s)= hm =k
50 s=01+Ts
hay lim x2(¢) = lim sX(s)= k. 0
t—ow s—0

11



~t
Vi du 10: Tix k8t qua cia vi du 9 thi tin hiéu x()=k(1 - e T ) 1(¢) ¢6 anh Laplace:
k

X(5)= e
(®) s(1+Ts)
Véi vi du nay ta sé minh hoa § nghia si dung clia ¢dng thie (1.13) vé anh cta 4ao ham

bang cach xac dinh hé s§ géc o cia dudng tiép tuyén véi x(¢) tai diém 0.
Truc ti€p ti x(t) cé
- -t
dx(t) _k 4

=k,.T _eT
Jt Te 1) + k(l-e1 )X

Do dé, theo cong thite dinh nghia (1.2¢) vé phép nhan vdi ham dirac &2) duge

—t -1 -t
dx(t) _k 7 T B =
== —e T 1)+ k(- = —eT 1
o Tt () + K .e ) e ®
=0
Suy ra
tana = ax0)
dt T
Ngudc lai néu di tir Anh ¥{s) clia y(2) = d';(:) cling ¢

§r®m

tang= y{+0) = lim sY(s) = lim s{sX(s) - x(+0)j|

= lim S[SX(S)— Iim sX(s)J = lim s[sX(s)]—i . a
§—ro §—>® T

S50

Hinh 1.5: Minh hoa cho vi dy 10.

Vidy 11: Tir k6t qua cla vi du 6 va cong thie (1.12) vé anh cia mét tich phan ta d& dang
kiém ching duge tinh ding ddn cha céng thite (1.14) vé dac ham cia mdt anh théng qua

anh Laplace X{s) cho tin hiéu x(f) = tk 1(t) nhu sau:

12



£
Khik=l: X =£(00)} =—, v 1@ =[1dz.
s° 0

f4
Khi k=2: X(s)=£{t21(t)}=%, vi :Ql(r)zzjm(r)dr.
s 0
¢
Khi k=n: X(s)=£{t"1(t)1=nL+!1, o 1w =nft s
S

0

o

Vi du 12: Tir k&t qud clia vi du 11 va cong thite (1.10) vé& anh cia mdt tin hidu uén ta ciing

¢6 duge anh Laplace X(s) cho tin hiéu

@ =t"e 100
nhu saw:
k —Ct k!
X =t 1) =—2 .
(s+a)k+1

Vi du 13: Xét hai tin hiéu causal

x(t) = eV = cos(at) — j-sin(at)
va

¥y = x(t)= 4ot = cos{at) + j-sinfat)

Theo két qua eta vi du 7 thi Anh X(s), ¥(s) ctia chung sé la

X() = ——
s+ ja
va
Y(s) = 1, .
s-ja
Suy ra
£| cos(at}] = l—lz{Jlr(t)+a?(t)}=l 1. + 1. = r,s 3
2 2isv+ja s—ja| s*+a”
va
£{sin(@r)) = —lf-e{f(t)—x(t)}:L. 1. - 1- = qa 7
27 2jls—ja s+ja| s +a”

Vi du 14: Ti cong thite dinh nghia (1.2c) ta ¢6 dnh Laplace ¢ 4. ham diract &¢) la

2( &)} = [y Sdt =
0 t=0

=1.
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1.3.2 Phép bi&n ddi Laplace ngudc

Viéc bién d6i Laplace ngiige duge hidu 1a xac dinh tin hidu x(f) ngude tit anh
Laplace X(s) clia né. T4t nhién cong viéc nay cé thé duge thyc hidn trye tiép véi cong
thitc dinh nghia (1.7b). Song dé tién lgi hon khi s& dung, sau diy ta sé lam quen véi hai
phudng phap don gian thugng duge diang cho 16p tin hiéu x(¢) c6 dang anh Laplace dic
biét. D6 1a

~  Phuong phap bign ddi ngide X(s) c6 dang ham héau ty va
—  Phuong phap residuence (thang du) cho X(s) giai tich ngoai hitu han cac diém cuc.

BI&n A5l ngugc ham hdu ty
Gia st tin higu x(¢) c6é anh Laplace X(s) dang

B(s) _by+bys+ - +bys™

Xis) =
AlS) gy +aps+o-+as”

vai msn. (1.16)

Dé tim x(z) ta dda vao tinh don anh, tinh tuyén tinh ciing nhu két qua cia cic vi du cho
trong muc 1.3.1 va di d&n cac bude thue hién nhu saw:

1) Phan tich X(s) thanh téng cac ham phén thic t6i gian

I n . q _
Xs)=A4+3 Y Aki 5 Bals ak:)a‘rcifzﬂk ,
k=1i-1(s~ap) k=1 (s-ap)*+p,

trong dé A, Ay, B, , Cy 12 cac hang sd, ), 1a diém cuc thuc bdi ry, ap+i8, 13 diém cue
phiic ctia X(s), néi cach khac chiing 1a nghiém clia A(s)=0.
2) Xac dinh ham géc cho tiing phin ti trong téng trén theo

a) £ "{A}=A&g), suyra tiakét qua vi du 6 va edng thice (1.12).

. i-1 apt
b) £7Y ——i } =Ap; u—~— 1(), theo két qua vi du 12.
(s—ap)* ~ -1
By(s-ay)

o &Y } = By ™! cos(B81,4)1(), theo két qua vi du 13 va (1.10)

(s—ay)* + Bf

d) _g_ll___%___

a1 g } = Cp ™" sin(f1)1(), theo két qua vi du 13 va (1.10)
— Uy %

Vi du 15: Cho X(s) =—,)—(—1~—) . Phén tich X(s) thanh t8ng cac phan thic t5i gidn duge
s°(l+s
X(s) = 1 1 + —1‘—
l1+s 5 g2
Tt dé c6 duge tin hidu causal x(t) =(¢ —1+)1(1). o
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RQ+T19) o tin hisu x(). Phéan tich X(s) thanh nhing

VI dy 16: Cho dnh Laplace X(s) = 0= Tys)

phén thite t6i gian 1 v ta cd
s 1+Tss
xe) =24 B1 véi A=k va B=PT-Th)
5+ —— Ty
T
Suy ra:
-t =t
x(@)=|A+BeT2 l(t)=k(1—§7%T—1eT2 ) 1(0). 0
2
Vidu 17: Gid s x(f) c6 Anh Laplace 1a
k
X)) = ———e————— , T #T,.
& =33 Tis)1+Tps) ' 12
Vay thi véi
X(s) = A + B . trong &6 A= k va B= k
T T
ta dugc
—t ot ¢
___k_.__(eTl -eT2) 10, a

x(®)=(Ae T +Bel2)1(t) = T
Vi dy 18: Cho dnh Laplace X(s) = ————— ciia tfn higu x(¢). Phan tich X(s) thanh tng
s“(1+Ts)"

cac phén thiic t6i pian ta duge

n . .
X(s)=k —£+-17+ Z——All—— véi A.i=(n+l.1_2 9.
$ s ,;=1(S+F)l T

Suy ra (hinh 1.6)

Apil
(t_‘f_ |-

5

~t
#@)=k-|-nT+t+eT
i=1
Vi du 19: M6t tin hidu x(£} ¢6 dnh Laplace
Kk
s(1+ Ts)*
Phan tich X(s) thanh tdng cac phan thitc t8i gian ta duge

X(is) =
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n .
X(s)=§—Z—A—‘1—-_— véi A£=—f—1.
= 1y i
i (s+T)
Do d6 (hinh 1.86)
_t .
o AT
=l k- T ¢ 0
w =\ k-eT 2L b
x(¢)

Vidy 18

Hinh 1.6. Minh hea vi du 18
va vidy 19,

Vi dy 20: Xét ham hitu ty phiitc

k 9,0<D<1.

X =5——7
s +2gDs+ g

Vi ¢6 didu kidn 0<D <1 nén da thic mAu s¢ cia X(s) e6 hai nghiém phitc
51,07 -Dgt jgV1-D? .

Goia=-Dgvab= gvl- D? thi X(s) phan tich duge thanh

k

X =—m———.
© (s-—a)2 + b3

Suy ra

x(f) = f-e“‘ sin(bt) 1(2). o

Vi dy 21: Gia st mdt tin hidu causal x(¢) ¢6 anh Laplace 1

X(s) = h__ vsio<D<1.
s(1+2DTs+T"s")
. . D 1-D*
Tuong tu nhu d vi du 20 ta goi a=- T b= ~— - Khi dé ham X(s) s& phan tich duge

thanh
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X(s) :i+ Bs

5 , trong d6 A=-B=k.
s (s—a) +

b2
Suy ra (hinh 1.7}

x{f) =|:A+ et (Bcos(bt)—%sin(bt)):l 1(2). Im)

Hinh 1.7 Minh hoa cho vi du 21.

Xét riéng trudng hgp, khi ma anh Laplace X(s) cta tin hiéu x(¢) c6 dang thuc hitu ty

2

nhu céng thic (1.16) mb ta va tit cd cac diém cue sy, 85, ..., 5, déu 1a nghiém ddn eha
phudng trinh A(s)=0. Do X(s) phan tich dugc thanh téng cac phan thiec téi gian
A Ay A,

X(s):—__+__+...+___,_,_‘
§—8 §-89 sS—-35,

nén sau khi nhan ca hai v& véi (s~s) vi cho s tién t8i s, ta s& c6 cong thiic xac dinh
nhanh nhiing hé 86 A}, A,, ..., A, nhu sau:

A= lim (s-5,)X(s).
S—r5p

Phuong phap residuence

Trong phin bién dai nguge X(s) ¢6 dang ham hiu ty (1.16) vira trinh bay, ta nhan
thiy ngodi mét s6 hiru hau céc diém cue la nghiém cda A(s)=0, cén lai & nhiing diém
khéac X(s) déu xac dinh va c6 dao ham v6 han ln. Néi cach khac X(s) 1a mét ham gidi
tich ngoai hitu han cic difm cuc d6. Dang tin hiéu x(¢) nhan duge lai hoan toan dude
quyé&t dinh bdi vi tri cia cic diém cyc nay trong mit phing phic. Hinh 1.8 biéu dién
minh hoa tryc quan cho dang tin hiéu x(¢) ¢6 anh Laplace

1
s—3p

X(s) =

Ung véi nhitng vi tri khac nhau cla di€m cye s, = o+ jo .
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&t dén JP 4 pigunea Tang dén

]
S

\d
A

QY

Hinh 1.8 Dang tin hidu x(£) phy
thue vao vj tri didm cyc chia i
X(8) trong mat phang phirc. ® T ®

Mé réng difu nhan xét trén ta c6 phuong phap residuence dé xac dinh nguge tin
hidu x(¢) tit anh Laplace X(s) chia n6, néu nhu X(s) 14 ham giai tich trit mét vai cac diém

cuc rdi nhau va hitu han, titc 14 khéng c6 diém cyc tai s = o hay lim X(s) < . Nhiing
s—rtwc

ham ¢6 tinh chat nhu vay duge goi chung 1A ham meromorph.
Trudc tién ta di tit cdng thie bi€n d6i Laplace ngude (1.7h)

¢+ joo 1
| Xs)e%ds =— JX(s)eds (1.17)
2 o

c-jo

1

I(t) = "2-;

trong dé C la mat duong cong khép kin chita dudng thdng c+jm véi @ chay tit —o dén o,
c>a va a la ban kink hdi tu cla tich phan (hinh 1.9). Chidu ciia C la chiu duge chon dé
phit hgp véi chifu etia o tit —o dé&n o,

K7 hiéu mién duge bao bdi C theo chidu dudng la D, tic 1a mién sé luén ndm phia
trai khi ta di doc theo C va goi sy, 85, ..., ), 1 céc diém cye ctia X(s). Do c> @ nén tat ca
m diém cuc niy phai ndm trong D. M4t khac vi tich phéan theo dudng cong khép kin cha

mdt ham cb tinh giai tich trong mién duge bao béi dudéng cong 14y tich phan d6, ludn c6
gia tri bing 0, nén ¢éng thitce (1.17) duge thay bing:

1z ¢
xy=——73Y {X(s)e*ds, (1.18a)
27 j=y Ch
trong d6 Cy, , k=1, 2, ..., m l1a nhing dudng cong khép kin bao quanh riéng mét minh
diém cue s} theo chidu duong (s ludn ndm bén trai khi ta di doc theo Cy theo chiéu dé).

Nhu vay, dudng cong C trong (1.17) nay da duge thay bdi nhiéu dudng eong Cp, k= 1,2,
... m trong (1.18a).
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Hinh 1.9: Mb ta phudng phép residuence.

c—jw

Ky hiéu tiép

Res X(s)e® = = {X(s)e"ds
Sp 275 c
k

la gia tri residuence cha X(s)e“ taisg, k=1,2, ..., m thi (1.18a) trd thanh

x(l) = g ResX(s)eSt (1.18b)
k=1 8k

va d6 chinh la céng thic thuc hién bién déi ngude X(s) theo phuong phap residuence.

e . , A
Vi du 22: Tinh gia trj residuence cua k. Do ham

83— 8y
nay chi c6 mdt diém cuc 1a s, nén e
A A cC
¥ Res—2k_= 1§ Ak_g, p
(k) s, $=8k 28 ;8- 8
trong 46 C 1A duong trén ban kinh p >0 bao quanh g, o

theo chidu duong (hinh 1.10). Nhu vay doc theo C bién

-, . Hinh 1.10: Dudng trdn 18y lich phan
s 8& ¢6 phuong trinh 9 ytehp

cho vidy 22.
Is —s;,|=pewJ vl 0fe<2m.
Thay phuong trinh ctia bi&n s vao cong thitc trén duge
2 . 21
TRes— = LT Ak gopdeye La poa, o
k) sk 85—35; 2 ij 2r 0

Chu y: M6t trong nhitng d4c diém cia ham giai tich l1a né phan tich duge thanh
chudi v han (chudi Taylor, chuéi Lorenz, ...). Goi a; 1a cac hé s§ khi phan tich ham

X(s)e“ thanh chudi Lorenz trong lan cin diém sp, tizc la:
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X(s)e™ = fai(s-sk)‘

i=-m
thi  ResX(s)e¥=a_,.
Sk
Theo céng thic nay, mdt ham X(s)eSt, néu cé6 dém cyc sp béi I thi gid tri
residuence ctia né tai diém cye 46 sé la:

zk -1 st _ lk
ResX(s)ESt: 1 lim d [X(s)e™ (s—sg)*] .
Sk (I ~Dlsosy d.S‘lk -1

(1.19)
vi nhu vay viée tim ngude tin hiéu goc x(t) tit anh Laplace X(s) clia né theo phuong phap
residuence gdm hai budc:

- Xac dinh tét ca cac diém cyc sy ciia X(s)eSt cing nhu bac I, ¢ha ching.

-  Tim cac gia tri residuence cia ham X(s)eSt tai nhing.diém cuc dé theo (1.19).

—  Tinh x(¢) theo (1.18b) tit cac gia tri residuence tim duge.

1 - -~ 4 - - . .a -~ 3 s o ~
Vidy 23: Him X(.s:)=—’1 c6 mot diém cuc s=—a bdi n nén tin hiéu gdc x(¢) cua noé s& la:
(s+a)

L i @7 1 n-lg=al ggi ¢>0 o
(n-1ss-qg gg™! (n-1)! B

2(t) = Res X(s)e™ =
a

Viéc ap dung phuong phap residuence dé tim gée x(¢) cua X(s) chi 12 mdt ing dung
nhd cha nd. Phuong phap nay ngoai ra c¢dn ¢é y nghia st dung 16n trong cic bal toan xac
dinh gia tri tich phan thutng gap cha cic cong viée téng hop b didu khién nhu tim tham
6 181 wu cho bd didu khién. Ta sé xét mét vi du minh hoa:

VI dy 24: D€ tinh tich phan
J= 2
Q= j 253 +6s+8 ds
e (8% + 258+ 2)(s 1)
A e it S

G(s)

ta thdy ham

55% + 68+ 8
(s% + 25+ 24s-1)
1 1 3.
+ —+
s—(-1+j) s=-(-1-j) s-1

G(s) =

Hinh 1.11: Minh hoa cho vidy 24

c6 3 didm cue la s,= ~1+f, s,= —1-j va s4= 1, trong d6 chi c6 hai diém cyc ndm bén trai
dudng 18y tich phan la truc do. Bdi vay néu thay duding 13y tich phin d6 bing mét dudng
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cong C khép kin chida truc ao thi cling chi c¢é s, , 5, thugc mién D duge bao bdi C theo
chiéu ducng thinh 1.11). Suy ra

Q@ = Zd(ResG(s) + ResG(s)]

5 Sg
=27 (1+1) =47 (theo két qua vi du 22). o

1.3.3  Giai phuong trinh vi phan nhé& toan tr Laplace

Cho phuong trinh vi phan tuyé&u tinh

dy d"y du d™u
agy ta,—+--t+ta,—= =byutb—+---+b , 1.20
0¥ T nn ol 12 m arm ( )
véicac hé s6 ey, ay, ... , @, vabg, by, ..., b, 12 nhitng hiing s3. Bai toan dit ra la tim
n
nghiém y(z) khi bi&t trude u(f) cing nhu cac sd kién y(+0), dy;-:o) y eees d y(:—O) .
dt

Trudc hét ta gia si z(¢) va y(8) 1a hai tin hidu causal, Vay thi khi 14y Anh Laplace ca
hai vé& ctia phudng trinh da cho:

d d" du d™u
-L){aoy +ald—-‘;+ e +an dt:' I =-€{b0u +bla+ LRl +bm(it—m

J
roi ap dung tinh chAt tuyén tinh efia toan tit Laplace s& dugc:

d™u

tm

. (1.21)

n
agLly )+a,£{ % H - ta,e] Zt—f: | = bo£fu}+b | (;_t: |+ - +hp2

Tiép tuc, nén goi Y(s) 14 anh cta y(®) thi tir cong thitc anh cia dao ham:

dy | _ _ .
-e{zi—sY(S) y(0) ‘

ta céd
d?y dy \ _ dy(+0) _ 2 dy(+0)
| e ) = sef = b- . S YE) - sy(+0) - ==

n h n-1 k
d 3 | = s"Y(s)- 3 sn 1k d’y+0)

£{ T
dt k=0 dt

Ciing tuong tu, néu goi U(s) 1a 4nh Laplace ciia tin hiéu causal u(f) thi

dku
dt®

n-1-k d¥u(+0)

2|
dt®

n-1
=s"U(s)- X s , k=12, ..., m.
k=0

Thay tit cd chc cbng thic tinh dao ham dé vaoe (1.21) ta sé& duge:
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Y@lag + ays + - + aps"]-A=U)[by+ bys + -+ + b,,s"]-B,

k-1
a7 G0 g

trong d6 A 13 ham xac dinh tir ap va ) , n theo
dt
n k-1 1)
A=Y a ¥ sk‘l“ﬂ(-}g, (1.22a)
k=1 =0 dt
dk 1u(+0)
va B cing la ham dude xac dinh tu by va — k=1, , m theo
dt
gk-1-i d‘ﬂ(+0) '
B= Z by Z ; (1.22h)
k=1 =0 dt
Nhu vay anh Laplace ciia nghiém y{2) sé la
(o +brs+ - +5ps™ UG+ (A-B)
Y(s)= . (1.23)

ag+a;s+ 0 +aps”

Chuyén nguge Y(s) cho trong (i.23) sang mién thdi gian ta s& duge nghiém y(t) cla
phuong trinh (1.20), vi toan tit Laplace 14 don anh.

Vi dy 25: Hily tim nghiém ctia phudng trinh vi phén:

3. df +2y=0, véiso kién y(+0)=a va
dr®

dy(+0) _ 5.
dt
Chuyén ca hai vé phudng trinh sang mién phitec nhd toan tit Laplace dugc:
2,

£] }+3 .el I+2 £L{y)=0

dt?

= [ng(s) — sy(+0) —d—y((i%(ﬂ] + 3[sY(s) - y(+0)]+ 2Y(s)=0

P= (s2+3s+2)Y(s)=as+(3a+b)

as+(@Ba+d) _as+(@Ba+d) 2a+b a+d

2

<« Y(s) = .
s°“+85+2 (s+1)Xs+2) s+1 s+2

Suy ra
y(©) = (2a+ble - (@+b)e 2 véi 120. O

Vi du 26: Giai phuong trinh vi phan:

2
d y+2dy+5y=3,
di? dt
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= 0. Chuyén ca hai v& phuong trinh sang mién phic nhd toan

voi sa kién y(+0) = %:—_0_)

ti Laplace dudc:

(% +25+5)¥(5) =2

N 3. _ 3 3.2 s +1)
< Y= — eyl 2. 021 2. 521"
s{s®+2s+5) 85 10[(s+1)* +2°]1 SBl(s+1)* +2°]
Suy ra
y@® =i;-—%e't sin(2t) -—%e_t cos(2t) vl  t20. a

1.3.4 M&Gi quan hé gira Anh Fourier va Anh Laplace

Cho tin hiéu causal x(¢) va goi X(jw) 14 anh Fourier va X{s) 12 Anh Laplace cita né.
Mot cau hoi duge dit ra & diy la vai diéu kién nhu thé nao ta sé c6 duge quan hé

X(je) = X(s)| (1.24)

s=Jw
Céau héi trén dugc dit ra 13 hoan toan cdn thiét vi khong phdi hic ndo ciing c¢6 duge
(1.24), ngay cd khi tin hiéu x(¢) ¢6 dnh Fourier X(jw) theo nghia réng, titc 13 X(jw) dudc
xiy dung theo nghia ham md réng [11].

Vi du 27: Tin hiéu bac thang (Heaviside) c6 dnh Laplace

£{10)]) = 1 (két qua cha vi du 6 vdi k=1).
S
Gia sit réing tfn hidu bac thang 1(2) ¢6 Anh Fourier, Vay thi anh d6 phai la

T _
Fliw} = lim je_ﬂ"tdt=~_1—-'(1_ lim e~ J%T) .
Toxg Jao Towx

Nhung vi

lim e 9T = lim [cos(wT) - jsin(@T)]# 0
Tox Too :

1

Jo

titc 14 vdi ham 1(¢) ngudi ta khéng thé xic dinh anh Fourier ciia né biing cAch thay s
trong anh Laplace bdi jo. Thue chit, vii sy gitp dd clia Iy thuyst ham md rong, ngudi ta
dd chi ra ring:

F10)} =+ ¥w). o
Jw
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Goi « la ban kinh hoi tu cua tich phan
oD,
[ |x(t)e*" ‘Idt < . (1.25a)
0
Diéu kién (1.25a) cimg chinh la diéu kién phai cé dé tdn tai anh Laplace X(s) cho tin

hiéu x(2).

Chia mit phéng phitc thanh 2 phin bdi dudng thing o= a (hinh 1.12). Phin mit
phiing niim bén phai dudng phéan chia 12 mién héi tu ctia (1.25a). Tuong ty néu ta chia
mat phing phitc bdi truc a0 va xem nita mit phdng bén phai truc do 14 mién héi tu cia
tich phéin

T|x(t)|‘“ <o (1.25b)
0

cho tin hiéu x(?) thi tin hiéu d6 s& c6 anh Fourier X(jw).

Mién hoi

o

Hinh 1.12. Mién hoi tu cba tich phan Laplace va Fourier.

So sanh hai mién héi tu ta i dén:

- Néu a >0 ta sé khéng ¢6 anh Fourier cho tin hiéu causal x(¢) vA do d6 khéng thé
thay s=jw trong X(s) 48 duge X(jw).

- N&u a <0 thi' do mién hji tu clia (1.25b) ndm trong mién hai tu ciia (1.25a) nén khi
thay s=jm trong X(s) ta sé ¢é anh Fourier X(j&) cua x(2).

- Néu a=0, hai mién héi tu cta (1.25a) va (1.25b) 12 mdt (trit dudng bién 14 truc o).
B3i vay khi X(s) lién tuc trén truc do (khéng c6 diém cyc trén ds) thi anh Fourier
X{jw) sé chinh 1a X(s) véi s=jm.

Tir nhiing két luan vira néu thi cho riéng cho trudng hgp X(s) c6 dang (1.16) vdi bac

tit 56 khéng 16n hon bac miu s, ta cé didu kién cdn va di dé duge quan ha

X(joy = X(s)

s=jw

la t4t cd cac diém cue ctia X(g) phai ndm bén trai tryc ao (cé6 phin thye am va khac 0).
Mét ham phite X(s) dang (1.16) con goi 1a thue-hitu ty vi né 1a ty s6 cuia hai da thic

(gidng s6 hitu t¥) va cé cac hé s8 12 s6 thye. Ham thyc—hitu ty X(s) vdi cic di€m cyc nam

bén trai truc ao dude goi la ham bén (stable).

24



1.4 M5 ta tin hiéu khong lién tuc
141 Tin hidu xung

Nhu d3 gi6i thidu & muc 1.1.2, tin higu khéng lién tuc 1a loai tin hidu ¢6 mién xice
dinh 1a tép cic diém khong lién théng. Day la loai tin hiéu thudng gap khi ing dung ky
thuat vi xit 1§ vao trong didu khién ma & d6 cac tin hidu thich hgp 1a nhitng tin hiéu s8.

Cho mét tin hiéu 2(f) lién tyc (ham thdi gian () lién tuc timg doan). N&u () lién
tuc tai T, thi gié tri x(T,;) clia tin higu x(¢) tai thdi diém T, ditge xac dinh theo cong thitc
trich méu (1.2a) nhu sau:

2(Ty) = x(OYKE-Ty) = x(T)&K¢).
trong dé6 tich vé& trai dude hiéu theo céng thitc dinh nghia (1.2¢), tée 1a
(=1
- xO&-T,) = [8(t-T,)x(t)dt .
“w .

Tin hiéu khong lién tuc ma ta quan tAm & day la day cac gia tri (x3] cach déu nhau
véi xp, = x(kT,), trong d6 T, dudc goi la chu ky Zu‘?ng tw héa, hay chu k¥ trich mdu tin
higu. Day 14 loai tin higu chi ¢6 gia trj tai nhitng diém _

[t=kT, | £ ez), - Z 1a k¥ hiéu chi tap cac sd nguyén
va ngoai nhitng diém nay thi khong duge dinh nghia. Néu méi gia tri x5, duge xem nhu
tich x(®)&¢-+T,) thi toan bd diy {xp] sé 1a
ao [+ 3] .
{xp} = x5 - kT ) =x(t) Y.6(t-kTg)=x)s®) (1.26)

k=—w k=—o0

va ham s(f) c6 tén 1a ham trich miu (sample), hay ham rang luge bdi né ¢6 dang gidng
nhut nhitng chi&e rang cia mot cai luge (hinh 1.13).

a s(®) b) 1xp)

Hinh 1.13:  a) B3 thj ham trich miu s(z).
b) M hinh hda qué trinh trich ma3u tin higu lidn lue x(¢) thanh tin hidu xung {xg}.
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Hinh dang rang luge cda s{t) 1am cho {x3] ¢6 dang ciing gAn gidng nhw mét chide
luge véi nhitng chiée rang khong déu nhau. D cao cia ting chiéc riang biéu dién gia tri
-ctia x(t) tai thoi diém c6 chie rang d6. Do {x3) cé dang la day cdc rang huge hinh xung

dirac nhu vy ma nguoi ta con goi {x} 1 tin hiéu xung.

Céng thize (1.26) bigu dién tin hiéu xung {x} théné.qua ham diract 1la mét cdu nai
gitta tin hidu lién tuc va tin hiéu xung. N6 ¢6 y nghia dic biét quan trong, gitip cho viée
nghién citu tin hidu xung cé thé duge tién hanh hoan ‘todn gidng nhu mét tin hiéu lién
luc ma ta di quen. Nguge lai cAc k&t qua thu ti viéc khao sat tin hidu lién tuc cling
théug qua (1.26) méa chuyén duge cho tin hidu xung.

1.4.2 Toan tU Z thuan

Xét tin higu causal, dang xung {x;}, titc 1a x4=0 khi 2<0. Goi X*(s) 1a 4nh Laplace

cua [xp) thi voi (1.26) ta co

X*(s) = {x(®)s(t)e~dt= | kafs(t-k'ru)e‘“dz
) 0k=0

@ o -
=3 | xg sz(t—kTa Yo Stdt | = Zxke_SkTﬂ_ 4  (theo céng thite (1.2a)).
£=0\ 0 £=0
Néu ky hiduz = eSTa , cbng thitc trén s& trd thanh
b k
X*(s) = D xpz " =X() (1.27)
k=0

va X(z) dugc goi 1a anh toan tit Z clia {x; ). Cong thic trén cing néi ring tin hidu (x;) 1a

1 Do dé theo tiéu

chudn héi tu clia chudi Taylor thi chudi (1.27) sé hdi ty khi z ndim ngoai digng tron ban
kinh z, théa man ‘

cic hé s6 ciia anh X(z) khi duge phan tich thanh chudi Taylor tai z~

lz| >z = lim &lxg| . néu nhtt ton tai gidi han nay.
k=

Toan tit Z & {xp} > X(2) c6 nhiing tinh chat saw:

1) Tinh don dnh: N&u {x;} # {y3]) thi cling ¢6 X{(2) # Y(z), trong d6 X(z) 1a dnh Z cla

{x,} vi ¥(2) 1a anh caa {y.}.

2)  Tinh tuyén tink: N&u {x}) c6 anh X(z) va {y,) ¢6 anh Y{(z) thi tin hidu xung |z}, ) vdi
2p=axp + by, s€ ¢6 anh Z{2) = aX(z) + bY(2).

26



3)

4)

6)

7)

8)

10)

11)

12)

13)

Phép dich trdi: Néu X(z) 1a dnh ctia [xy) thi anh Y(2) cia |y} véiyy =xp_p, sB la
Yiz)= z_mX(z) .

Phép dich phdi: Néuw X(2) la anh cha {xz] thi dnh Y() cha {y}) v6iyp = 244, 5612

Yi) = zm[X(z)- gxiz_i].
=0

Anh cia tich chdp: N&u X(z), Y(z) la anh cta {xz} vd {y,] thi day cac gia trj tich

k
chap {z| véizy = 3 xp_;¥; séc6anh Z(z) = X(2)Y(2).
i=0

Dinh ly déng dang: Néu X(z2) la anh ctia {x;) thi tin hiéw xung {yz} véiy; = akxk 56

¢6 anh Y(z) = X(i] .

a
Dinh ly ty lé&: Néu X(z) la anh cia {x) thi tin hidu xung lyg) véiy, = :;f , trong
a
x€x
d6 T, la chu ky trich miu, s& c6 Anh Y{2) =—;— j X() dr.
a, ¥

Anh ciia hidu lai: N&u X(2) 1a anh cua (x)} thi tin higu {y;| vél yg = xp — xp_; 58 c6
&nh Y(2) =é;—1X(z) .

Anh ctia higu tién: N&u X(z) 1a anh ciia {x,} thi tin hiéu |yg) véi yp = xp4,— x 8 06
anh Y{z) = z-1)X(z) - zx.

R k
Anh ctia ddy t6ng: Néu X(2) 1a anh clia (xp} thi tin hidu {y,) vdiyp = ¥ x; s& c6 dnh
i=0

Y(z) =ﬁX(z) .

Anh ciia tich: N&u X(2) 14 4nh clia |x,) thi tin hiéu |y,) véi y, = kT, x, s8 ¢6 anh
- dX(2)
Y(z)=-2T, et
Dinh ly vé gidi han thit nhdt: N&u X(z) 1a anh cia {x, ) th
xp= lim X(2)
Z—x

Dinh Iy vé gidi han thit hai: Néu X(2) 1a ﬁmh cda {x,} thi

Lm x3 = lim{z-1)X(z).
k—>w z—1
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Vi ¢y 28: Tin hiéu xung thu tir viéc trich miu tin hiéu bac thang 1(¢) 14 {x,=1} s& cé anh

2, -k _ -1 -n
X)y= 3z %=1+z +-4z "+ -

k=0

néu phu [z| > lim ¥|xp|= 1. Nhan hai v& véi 2
k-ro

{11 —sla
zX(z)=z}§0zk=z+1+ Z ez T fTTT T“TT

réi trit di cho phuong trinh thd nhat duge: Hinh 1.14: Minh hoa vi dy 28.
z-1DX@E==z.
Suy ra

X(Z)- ——l— D

kT2 Anh Z cfia né 1a X(z) duge xc dinh dya

vao két qua vi du 28 va dinh 1y déng dang 6) nhu sau:

Vidy 29: Cho tin hidu xung {xz} vdix, = e

k 4
xp = l-(e_T“ ) =Ty z
= X@)= ez = — 0
zhy=-=% -1 z-e ¢
(1 z— e—T"
Vi dy 30: D& xac dinh 4nh Z cta {x;} véix, = cos(fukTa) ta di tir két qué ctia vi du 29:
Z{ed®Ta )= 2 ___ (thay e “Ta pai o’ a)
z— eJ“’T"
-JokTy y 2 Tq yvo2: —jaT,
Zie a ) A (thay e bdi e a)
v ¢6 dutde nhd tinh chdt tuyén tinh cda toan ti Z:
JJBHT, | - JohT,
Z{cos(whT,) = Z{ & te =iz, z
2 2 z_ela’Ta z_e'.]‘dra
i 2z —2cos(wly) - 22 —zcos(wTy) a
2l z—edayz—e —joTay ) 22 2zcos(wTy ) +1
Vi du 31: Tuang tu nhu vi du 30 nhung cho [sin(wkT,)} ta co:
jokTy - jakT, ¢l
Zisin@hT}=z| £ 220" "y 2anela) o
27 z“ —2zcos(wTy)+1
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Vi du 32: Anh Z ctia tin hiéu xung {kT,} thu dugdec tit viéc trich miu x()=t1(t) duge xac
dinh nhd dinh 1§ v& anh clia mét tich nhu sau:
kT, =kT, -1

d T,
2 = Z{kTal =—2Taz[-zi—1)=( ud :)2 . (]
. z -

Z{1) =

z

k
Vi du 33: N&u xem tin hidu xung {(2+1)T,; | nhu tdng hitu han k+1= >'1 thi tit két qua vi

i=0
du 28 la Z{1)= zl va dinh 1y vé Anh clia diy tong ta ciling cé
z_
2 z z 22T
Z{(RHAVT, )= Ty Z{k+1)= Ty —*—Z{1} =T z 2T a
{(RH1)Tg) = Ty Z{k+1)=T, S 1 {1j=T, 21 21 o1y

Vi dy 34: Gid s tin hiéu xung {x}} ¢ anh X(z). Day {yz} vdiyy, = x), - x5, duge goi la
hiéu hii bac m. Theo tinh chAt tuyén tinh ctia toan t Z thi
Zlxp—xp) =Y@) = Z{xp) - Z{ xp_ ) = X&) - Z| 2}, .
Ap dung dinh 1y vé phép dich trai ta cd tiép:
Z{xp — x4 ) = X@) -2 " X().
Suy ra

P |

zm

Zlxp—xppy} = X@). )

14.3 Toan tir Z nguge

Cho tin hidu xung {x,} va goi X(2) 1a d4nh Z cua né duge tinh tit x, nhd céng thic
(1.27), trong dé didu kién phai cé

lz| > lim o |

1a d& chudi (1.27) hoi tu. Theo tinh chét don anh clia toan tit Z thi tit X(2) ta ciing sé xac
dinh duge duy nh&t mét tin hidu [x;,) nhan X(z) lam anh Z. Phép tinh |x,] tir X(z) dugc
ky hiéu la
[z} =27 {X@).

C6 ba phutdrg phap chinh dé tim ngude {x;] tix X(z):

—  Phuong phap residuence.

- Phuong phap bién 46i nguge ham hitu ty.

-  Phudng phap phén tich X(z) thanh chuéi.
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Phuong phdap residuence

Tuong ty nhu toan ti Laplace, tit X(z) ta cing tinh ngude ra duge {x;} theo

tp=-—§X@-2*dz,  k=0,1,..., (1.28)
217 o

trong d6 C 13 dudng cong kin trong mat phing phuc bao tat ca cac difm cyc cia X(z) theo
chién duong.

Ciing giéng nhu da trinh bay v& (ng dung phuong phap residuence dé bién déi
ngude toan ti Laplace, n€u ham phiic )i'(z)z',k“1 chi ¢6 hiiu han q cac diém cue 2y, 2y, ... ,
z4 roi nhau va ngoai nhitng diém cuc do, ham X(z)zk"1 ¢6 tinh giai tich , thi dudng cong
lay tich phan C trong (1.28) sé dugc thay bdi ¢ dudng cong kin C;, i=1,2, ... , ¢ ma méi

dudng cong nay chi bao mét diém cye z; theo chiéu dvong. Suy ra .

q
xp = z—l—, fX(z)‘zk‘ldz . : (1.29)
in12% ¢,
)
Goi
Res)i'(z)z:]‘e_1 =—1~, fX(z)-zk—ldz . ' (1.30)
2; 27 C:
3
14 gia tri residuence cia tai diém cuc z;,i=1,2, ..., q thi theo (1.19), né duge tinh badi
-1 k=1, _ _
ResX(z2)z¢ 1= 1 jim & X2z~ (z-z)'] (1.31)
2 (- zoz; dzti!
v I; 1a bac ciia diém cye z;. Thay (1.30), (1.31) vac (1.29) ta di dén
q q ;-1 k-1, _ i
5= YResX(2)z# 1= — 1 im & [X(z)z[ (z-z)*1 (1.32)
i=1 Zi i -Dlzoz dzti~1

Nhu vay, phudng phap residuence s& gdm céc budc:
~  Xac dinh t4t cac cac diém cyc z; clia X(z)zk_1 ciing nhu bac ¢; clia ching.
—  Tim gia tri residuence cha X(z:)zk_1 tai cac diém cyc do theo (1.31).

-~ Tinh x; theo (1.32a).

Vi du 35; Hiy tim {x;} ¢6 4nh

z(1-a)
2

Xz)= ———~——,
z-—z(l+a)+a
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Do X(z) ¢6 hai diém cye 1a z,=1, z;=a c6 bic bang 1 (ching la nghiém don cha
phuong trinh zz—z(1+a)+a=0) nén
k — —
ResX(z)zk"l' = lim X(z)zkfl(z— 1)= lim 2z d-a)z-1)
2 z—1 221 2% —z(l+a)+a

zk(l-a)(z~1‘)= imzk(lﬁa)z
201 (z-1)z-a) z1 (2-a)

1

va .
‘ k
ResX(2)2%71 = lim X(2)z* 1 (2 - @) = lim 20 =92 ~a)
z9 z2a zoaz® —z(l+a)+a
k k
= lim 2 (l—a)(z—a)= .z -a) =ﬁak
z2a (z2-Dz-a) z25a (z-1)
Bai vay

xk=1—ak, vilk 20. i ()

Vi dy 36: Tim {x;] ¢6 anh

2
Xz} = z¥ -z - z(z-1) )
@ z2-7z+10 (2-2)(z-5)

Do X(2) c6 hai diém cyc 1a 2,=2 va z,=5 cd bac bang 1 nén

k k
Re.e:zX(z)z""_1 = limi-(z—__l—) =~ 2

z) z—2 ZzZ—D 3
va
k=}_ 1. zk(Z—l) 4 _p
Res X(2)z =lim ———= —§",
zg z+5 z-2 3
Suy ra
1
2 4 _k .
= -——+-=5b", voik2>0 a
BT 373

Phuong phép bién ddl ham hiu ty
Dya vio tinh tuyén tinh ciia toan tit Z ta c6 thé xac dinh {x,) ti anh Z cGa né la
X(z) bang cach phan tich X(z) thanh tdng tuyén tinh ciia 1hiing phin co ban, duge quen

bi&t d8n nha la dnh Z cta cac tin hidu xung quen thude . m bang 1.1). Khi dé thi [x;)

chinh la téng tuyén tinh ciia cic tin hidu xung quen thugc da.

D& minh hoa cho phudng phap nay, ta xét X(z) c6 da1 % ham hitu ty:
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by +byz+---+6,2™

X(@z) =2 n (1.33a)
g +ayz+ - +a,2" )
X(2)
trong d6 )‘E(z) duge gidi thidt 14 ¢6 cic diém cuc zy, 2, ... , z, rdi nhau, tic 12 phuong
trinh
ag+t a2+ -+ anzn =0
¢6 ¢ nghiém 2, 25, ..., z5, (g<n). Goi /; 1a bac cia diém cye z; {z; 1a nghiém béi I; clia

' q
phuong trinh trén). Vay thi n = )’I; va X(z) sé phén tich dugc thanh téng tuyén tinh:

i=1
X@)=2 ¥ $_ Ay z lz' . | (1.33b)
j=1j=1(z~ _)_i i=1j=1(z - Z,)J

X(2)
Ky¥ hiéu { xk } 1a tin hiéu xung cé anh

X;i(z) "*(‘;_237 (1.34)

thi theo tinh chét tuyén tinh ciia toan tir Z, ta cé tin hidu géc (x;) cha X(z) la

q i .. .
=Y YAyl . véikz0. - (1.35)
i=1j=1

Vin dé cdn lai 14 xac dinh { x l ¢6 anh X; ;) cho trong (1.34).

1) Khij=1: Theo két qua cta vi du 29, trong db e Ta nay dugc thay bai z;, ta c6
i "'Z-l[ ;—;— ]— 2 (1.36a)
2) Khig>1: ViX{z) =(—-—z—51—. c6 mét diém cye z; bdi j nén theo cong thie (1.31) duge
z_zi : :
. J- 1 k
xg S A 1 jim d =
(z—-z;)’ (F=-Daosz; dod- 1
= k(k 12] (]'-k)' J+2)zlk _]+1_ C_] ] k _}+1 ) (1.36b)

Cong thitc (1.86b) chita ca (1.36a) cho trudng hgp j=1, vi Cg =1. Cudi ciing thay
(1.36b) vao (1.35) thi
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q I . ,
=Y Y A;CI 1 veik =0, (1.37)
i=1j=1
va 46 1a gia tri tin hidu xung {x;] ¢6 dnh X(z)=2 X(z) theo (1.33a) dd cho.
Tém lai, phudng phap bigén d8i nguge ham hitu ty dang (1.33a) gém cic budc sau:
-  Phan tich X(z) dang (1.33a) thanh (1.33b) 1a tdng tuyén tinh cdc phan thic t5i
gidn cia X(z), tdc la tim Aj, =12, .., qvaf=L2,

- Xacdinh x¥ theo (1.36b).

- Tinhx titA; va xg theo (1.37).

Vi dy 37: Hiy tim {x;) c6 anh
22 + 2437
@-1(-2)°
X2

X@z)=2-

Do X(z) c6 hai diém cuc 1a z;=1 bc 1, z,=2 bac 3 nén & day g=2, /;=1 va {,=3. Phan tich

X(z) thanh tdng tuyén tinh cac phéan thic t&i gidn dudc

X(z)=z-[3 -3 4 7 J

+ + +
z-1 2-2 (z-2)% (2-2)°
tic 1a '
A =3, Ay =-3,  Ap=4, va L Agp=T
Vay '
q &k . . .
= =1 _k—j+1 _
xp = E ZAUCI: zi 7 =
i=1j=1
=3_39%+ 4k .2”'1 + 7._k(k__1) DL
Cl St

i 2
C

(& 20). O

Phuong phép phén fich chudl-
Cd 56 cia phuong phap nay 13 cong thitec dinh nghia (1.27) va tinh don anh cfa todn

tit Z. N&u X(z) da cho phin tich dugc thanh chudi theo 2! titc 1a
X@=co+cz '+t z T

thi do tinh don énh ta duge x; =c¢, .



Vidy 38: Tix

X(z) = 2;

z°-162+08

va sau khi thuc hién nhiéu 14n phép chia da thic ta thdy
X@y=z"'+16z7%+ .-

Do dé

x=0,x,=1,x23=16 .... a

1.4.4 Quan hé gira toan tir Z va toan tir Laplace

K¢ hidu X(s) 14 anh Laplace ciia mdt tin hiéu causal x(¢) va X(z) 12 anh Z cua tin
hiéu xung {xp} thu duge tir x() théng qua viée trich miu tin hiéu theo (1.26). Néu nhu
ring ¢6 mét bii toin dit ra 13 tim X(z) tit X(s) thi ta thdy ngay c6 th& thite hién tudn tuy
cac budc saw:

- Xae dinh x(2) t X(s).
- Trich mdu x(¢) vdi chu ky lugng tit T,; thanh {xz}.
—  Tinh X(z).

Nhung do giita tin hiéu xung {x;} va tin hiéu lién tuc x(t) c6 quan hé (1.26) nén
gilta hai dnh X(2) va X(s) ciing ton tai mét méi quan hé tusng duong va da la:

el .
XG)= Zx(:0)+ 7 Y X(s+ jhQ) i q=2% (1.38a)
2 a h=—0 ZZESTG Ta
hoic
c+ joo
X(2) = }-x(+0)+il I Ls},ds. (1.38b)
27 2 c—jwoZ= ela

Tit (1.38a) ta thay X(z) 1a mét ham tudn hoan véi chu ky phiec Q =§'—ﬂvé didu 6
-
cing suy ra ngay dugc t

sT,

z=¢Ta= esTa 82;; - esTa +2r - e(s+Q)Ta )

Ca hai cong thitc (1.38a) va (1.38b) déu cho phép xac dinh X(2) tit X(s) ma khéng
phai tién hanh ba bude vita néu trén, trong d6 (1.38b} ¢6 nhidu ¥ nghia ‘g dung han.
Chiing chinh la toan tit 3:

71 X@) - X@).
Toan tit 3 theo (1.38) khéng phai la don anh, tite 1a c6 thé cé rat nhiéu ham phic

X (s), X,(s), ... c6 chung mét dnh X(2). Diéu dé la ciing d& hiéu vi ¢6 thé ¢6 nhidu tin hidu
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lién tuc x, (), xo(t), ... sau khi duge trich méu (1.26) lai ¢6 cang {x; }. Nhiing tin hidu niy
14 nhitng tin hiéu théa min:

2, (kTy) = 22T ) = ... v8i moi k2 0 (hinh 1.15).
D a3 =(t)
=) M6t chidu {xk }

Hai Hai
chidu l I l Tchlsu
Mot chidu

X(z)

X6)

Hinh 1.15: Toan t& § khéng phai 1 don anh.

Mac di khéng phai la don anh, song toan tit 3 1a toan tif tuyén tinh. Bdi vay dé thuc
hién coéng thitc (1.38) thi bén canh vide st dung phuong phap residuence

X(s) oT,

X(z)= l;n:(+0)+;:-Res T véilz| >e 2, (1.39)
a

2 sy z-e®
trong d6 o 1a ban kinh hai tu tich phan Laplace, ta cé thé ap dung tinh chat tuy&n tinh
d6 ma phan tich X(s) thanh tong tuyén tinh cia nhiing thanh phén X,(s), Xx(s), ... don
gian, quen biét

X(s) = d X (s) + dpXp(s) + ---
rdi chuyén riéng titng thanh phin d6 thanh X, (2), X,(2), ... (béng 1.1). Anh X() cAn tim
s& 14 téng tuyén tinh ciia nhitng thanh phin nay.

X@) =d X (@) +dXo@) +--- .

Bdng 1.1: Anh Laplace va Z cia mét s lin higu don gian:

X, 820 | o o 2kT,) k20 - X(s) XG)
&) {1,0,0,0,---} 1 1
1 z
1 1 2
@ 8 z-1
1 2T
4 ET -— a
i s® (z-1)
2
2 Ty 13 2z +1)T?
s (z-1)°
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x(t), £20 xp = x(kT,) k=0 Xte) il
KR (kT,)° = etz )Ty
s (z-1)4
- n 1 zT d -1
t_ _(kTa) n+l ( {(kT }n )
n! n! s
L e Ta s-a JRR
1 aT,
at akT, ze Ty
t-e kTa e @ (s— 0)2 (z- e%Ta )2
n! n
n at n_akT, - d z
te (RTg) e™""@ (s—a)**! da® (z P ]
tt-T,) 02T2 Hﬂi T"“zz
2 k-a 255 (z-1)3
(e T,) o2 g2 2+ Tys Taz"
P) b+l 252 (z-1)%
z
n_k-n
Cla (z-1)"*1
Cn zn+l
k+n (z~a)**!
1 : 1
] : e®
k _ Ty o
a T,s—1na z-a
1 Z
bt bET, Y
a a’ e s-blna z-atTa
1 o,

. bt bET JZ_L
ta (Tg)a (s-blna)® (z - a?Ta)2
2.q% ®T,)%a?*Ta 2 2z +a*Te T2

(s-blna)® (z—a?Te )3

1 1

p Js
t L

2 i
: s
cos(ft) cos{fkT,) 0 s 5 2Z[Z —coslf, )]
s+ ~2zcos(fl5)+1
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x(@), t=20 xp, = x(kTa) E>0 X(s) X(@)

Jij zsin(AT,)
s? + g2 zZ—chos(ﬁI’a)+1

sin(ft) sin(fkT,)

t-cos(t)

t-sin{ft)

akcos(bk) z{z —acosd)
22 —2azcosb+a’
aksin(bk) - zasinb .
z* —2azcosb+a
eatcos(ﬂz) e®*Ta cos(BRT,) — 2[z - e*Te cos{ 7)1
(s—a)"+p 22 — 2267 cos(AT, ) + 2*Te
T o
eatsin(ﬁz) e*Ts sin(gkT,) m——’;———{ ze®s sin(AT,)
(s—a) +p 2% - 22¢°Ta cos( AT, ) + €2°%e
cosh(Bt) cosh(ﬁkTa) —Ti_z z[2 - cosh(fT, )]
s°-~f 22—2zcosh(ﬁTa)+1
sinh(82)  sinh(BT,) 'z_ﬁ"é' zsinh(4T, )
‘ §°-p 22—2zcosh(ﬁ'1',,)+1

Vidu 39: Hiy xdc dinh dnh X(z)’clia mdt tin hidu xung {x;} dudc trich mAu t¥ x(¢) cé anh
Laplace
X(s) = ._g_tl_

(s-2)°
v8i chu ky trich mau T,=0,1 cho trudc.

Viét lai X(s) da cho thanh téng tuyén tinh clia nhitng hAm quen thude:
3 2

+

X = =2 o)

réi tra bang 1.1 ta dugc:
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1 _ z z
At T oM. z-122
3 1 ) = ze?Ta Ty o 0,12z
(s-2% (z-¢2Te)?  (2-122)°
Suyra
2
Xz)~ 3 z +9 012z _ =3.7. 3,4222’ o
z-122 (2-122)° (2-1,22)
Vi du 40: Tiu hi2u causal lién tyc x(¢) ¢6 Anh Laplace
1 1 2 1 6
Xey=3t2-2 ¢ ,-.°%
s) st 2 g3 B gt
Tit bang 1.1 duge
2 z2(z+ 1)T3 \ 6 | _ 2(22 +4z+ 1)T5’
FESELLAL: SN R g P 2a 18
s (z-1) s (z-1)
Bdi vay tin hidu xung titong viung {xg } véi chu ky trich miu T, c6 anh Z Ia:
X _1 z(z+1)T&? W1 2(22 +<Lz+1)T,::,3 - zTaz[Ta (22 +4z+1)+ 3(22 -1)] o
2 (z-13 6 (z-1)* 6(z-1)*

1.5 Chuan ca tin hidu

1.5.1  Khai niém chuan

Trong didu khién néi riéng ciing nhu trong cac cdng viée c6 lién quan dén tin higu
néi chung, théng thuwing ta khéng lam viée chi riéng véi mét tin hién hodc mét vai tin
hiéu dién hinh ma nguge lai phai lam viéc véi mot tap gdm rat nhidu cac tin hidu khac
nhaw. Khi phai lam viéc véi nhiéu tin hidu khac nhau nhi vy chéc chén ta sé gip bai
toan so sanh cac tin hiéu dé chon loc ra duge nhitng tin hidu phi hop cho cong viéce.

Cac khai niém nhu tin hidu x () tdt hou tin hidu x,(#) chi thye su ¢6 nghia néu nhu
chung cang duge chiéu theo mét tiéu chudn so sanh nao d6. Ciing nhu vay néu ta khing
dinh ring x,(£) 16n hon x,(#) thi phai chi ré phép so sanh 16n hon d6 duge hiéu theo nghia
nao, x;(f) ¢é gia tri cyc dai 16n hon, ¢ ning higng 16n hon hay x,(¢) chida nhiéu théng tin
hou x,() .... N6i mét cach khac, trudc khi so sanh x,(#) véi x,(f) ching ta phai gédn cho
mdi mét tin hiéu mét gia tri danh gia tin hiéu theo tiéu_cbuﬁ”n so sanh dugc lya chon.

Ta c6 thé bit gip trong vé vau su viéc cia cude séng hang ngay hién tugng gan
thém cho mét tin hiéu, mot d6i tiugng, mét phin td nao d6 mét gia tri chudn dé so sanh.
“Vi du, dé danh gia Trung tam dao tao A ¢6 hiéu qua hon Trung tim dao tac B hay khéng
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thi ta phai théng nhat vdi nhau trude vé chi tidu so sanh 1 kinh t&, chat lvong dao tao
hay s6 luong hoc vién. Sau khi da thong nh&t véi nhau vé chi tidu so sanh réi ta mdi cé
cd 56 dé gan cho mdi Trung tdm dio tao mdt con s6 néi 1én ndi dung cia noé theo chi tign
danh gia duge lua chon dé. Chdng han theo chi tidu chat lugng Trung tdm A hang nam
dao tao duge 50 hoc vign thudn thuc chuyén mén lam viéc duge ngay con clia Trung tim
B 1a 40 (A t6t hon B) nhung thee tidu chudn kinh t& thi Trung tdm A hang thang thu
dugce 30 tridu déng va Trung tim B la 40 triéu ddng (B t8t hdn A).

c6 tén chung 1a chudn ciia phdn ti.

Nhiing con s6 ma ta gén cho titng phin ti theo mot tidu chuén chon trudc nhu vay

Binh nghia 1.1: Cho mét tin hiéu x(f) va mét anh xa x(¢) — |x@)] € R chuyén z(¢) thauh

mét s§ thyc dudng |=(t) . S6 thuyc ditong nay s& dude goi 1a chudn cla x(t) néu né

thda man:

a) [x@®|= 0 va |x(@®|=0 khi va chi khi () =0,
b) |x@+y @] < |xof + ly®] ; v x@, ¥,
o) Jax®f = lal [x@] , Yx(®) vaVaer.

Vidu 41: Cho tin hidu mé ta boi x(t) = ¢ ¢ vii 0<a<% xac dinh trong khoang [0,1]. Gia

tri thuc duong | x (@) | ung vdix(¢) tinh theo céng thirc

1 1
2 _ -2a = 1
[=®] =v\}(j;x (t)dt = th dt = —

0

13 mét chufin ena x(2), vi:

Khi x(8) #0 thi 5 1a mot s6 dudng. Néuw x(8)=0
-2a
thi | x ()| =0 va nguge lai.
&

Goiy(®) =t ~ véi 0<b< % va cung xac dinh trong

.Ta cb

khoang (0,11, thi [y(®)]= 1_125,

x(t)

X4 -

Hinh 1.16: Minh hoa vi du 41,

1 2 1 1 .
lx@+y®]= JI[f“H"’] drsJIt‘Z“dt +th‘i”dt =z + |y®].

0 0 0

1 1
fAx@ ||=;;-JI ﬂxzmdtﬁ‘/f tBa =—2 < i)z

0 41-20

0
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a
Vi dy 42: Cho vector @ =| : | ¢6 n phén ti a; , i=1,2, ... , n 12 nhitng &8 thyc (ngudi ta
a, '

thudng st dung ky hiéu geR” ), Nhilng s6 thyc sau déu duge xem 12 chudn cda a:

- ue||=‘/_§a?.
i=1

- laf= maxje. | 0

Thuing diing trong didu khién cho mét tin hiu x(f) 1a cic chuin sau:

1) Chudn béc 1: =] = jﬂx(:)ldt ) | (1.40)
2) Chudn béc 2: OIS JTIx(t)'zdt : o (1.41)
3) Chudn bdc p: =@ p= T|x(t)|pdt véi peN. (1.42)
4) Chudn vé ciing: lx® )= st:.plx(t)l . (1.43)

Ky hidu sup trong chudn vé cing (1,43) la dé chri gid tri chin trén nhé nhét (theo
:
bién £). N&u |c(f)| ¢6 gia tri }Jdn nhit ]a x,,, thi
51:p|x(t)| = Xpax o
Khai niém sup ¢6 nghia rong hon m:ax . Vi dy nhu tin
higu t
20 =1 -¢ H1)

khéng c6 gia tri 16n nhat nhung lai ¢6 gia tri chin trén

nhd nhAt va dé 1a (hinh 1.17) Hinh 1.17: Tin hifu khdng cb
gid tri cyc dai.

s?plx(t)l =1.
Cac chufin (1.40)+(1.48) ¢6 tinh chAt sau:
1) So sdnh chudn: |x@E)y(@) Ipsl=®) e ly@], véi 1sp<w.
2) Bat dang thic Holder: |x@y® ] <)@, e 4 véi

+—=1.

Q=

1
P
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Vugt ra ngodi khuén khé so sanh, khai niém chudn con cé ¥ nghia quan trong trong

viéc khao sat tinh gidi tich cia tin higu. Chang han nhu day cac tin hiéu x,(¢), x,() ...

dude néi la tién téi x(¢) néu nhu 6 duge lim ”xn(t)—x(t)u =0 hoéc t4t ca cic tin hidu y(1)
n—o

théa man [ x (£)-y(¢)| <& duge xem Ia thude lin can £cla x(t).

Khai uiém chudn trong dinh nghia 1.1 khéug bi giéi han la chi cho mét tin hiéu x(¢)

ma eon duge ap dung dige cho ed vector tin hidu gdm nhidu phin tit va mdi phdn ti lai

la mot tin hiéu.
Xét mét vector tin hién
X1 (¢)

x(t) =
xp (1)

Khi t=t, 1a diém thai gian ¢d dinh thi x(¢;) khong con phu thude vao £ va cac phan ti

x,(to), x9(te) ... , x,(ty) cha 16 la nhimg hiing 8 thyc. Gia tri thuc duong duge tinh tit n

phan tit x;(¢,) cua veclor

xy(tg)
x(ty)=
X (t())

la

Jeto s = Xix (to)|

(1.44)

thda min ba tiéu chudn cia dinh 1y 1.1 nén né duge xem nhur 1a chuan (bac 1) cua vector

x(ty). Chng nhu viy cac gia tri

2 2
lxtto) s = | 2| (8o hoge
i=1
' n P
”5(10)",0: lei(to)l hoge

i=1

[xtt) | = max ||x,~(t0)||
lstsn

(1.45)

(1.46)

(1.47)

ciing 1a nhitng chuin cta x(¢,) va ditge goi 1a chuan bac 2, chudn bac p (p>0), chuin vo

cung. Hinh 1.18 biéu dién chuin bac 2 va chudn vé ciing cia mét vector x(tp) gém cé hai

phan ti thue x, (), x5(4).
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x(to)

2,(to) > xolte) -5 f--—= .
i
Jxo) [ -

) lxtto) |2 0
Hinh 1.18: Minh hoa chudn bac 2 va chuan vo cing ' xy(t)
clia mdt vector ¢6 2 phén tir. -y t >
A4

N&u cho £, chay tit —= dén o thi cac chudn x| 1, 2@ 2 120 ||p , Jx¢o) |« ma
dudi day sé& duge vigt chung thanh |x(f)|, lai tré thanh nhitng ham s3 theo bién ¢, gidng
nhu mét tin hiéu. Do d6 ban thin ching ciing ¢6 chuéin theo cac c¢ong thide (1.40)+(1.43)
nhu:

a) [z@)],= ;‘jcﬂ\;(zo P dto (chudin p). (1.48)
0 :

b z®e= sup "_zg(td )" (chudn vé ciung). (1.49)
700<f.0 <o
va chudn dé duge goi 1a chufin clia vector tin hi¢u x(t). Ghép chung mét trong 4 céng
thic (1.44)+(1.47) vdi 2 céng thitc (1.48) va (1.49) ta cé unhitng chuin khic nhau cia
vector tin hidu x(f). Tuy nhién, thudng ding nhit trong diéu khién cho x(f) 14 chufin v
cung duge xay dung tir (1.45) va (1.49):

[
lz® | =sup Ifo(t) . (1.50)
4 i=1

1.5.2 Quan hé cha chuin v&i Anh Fourier va anh Laplace

Dé phuc vu muc dich st dung khai niém chndn vao diéu khién, ta cdn quan tam téi
méi lién quan gida chudn tin higu x(@®) 14 [x(@)| véi dnh Fourier X(j») ciing nhu anh
Laplace X(s) ctia né. ‘

Truéc hét ta thiy binh phuong ciia chuéin bac hai |x(¢)|| theo (1.41) chinh la gia tri
do ning lugng cia tin hiéu x(t). Goi X(jw) 12 Anh Fourier cla x(f). Vay thi:

Oinh Iy 1.1; (Parseval) Chuin bic hai elia mdt tin hiéu x(¢) va anh Fourier X(jw) ctia nb cé
quan hé:

Jz@fy = [leofdt = o~ [[Xtjef do.
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Chitng minh: Xét hai tin hiéu x,(2), xo(@) va goi X (o), Xy(jw) 12 Anh Fourier cia chiing.
Theo tinh chit 7) vé Anh Fourier cia mdt tich ta cé:

[x1()xg()e™ I dtzzl_” [X10GX [ i -0)]dg .

-0

Khi @ = 0 thi:

I Il(t)rz(t)dt—— J X1 (X (=i .

Do d6 vai x,(t) = xo() = x(¢) ta duge:
T 9 1 7. g 1 Fio 2
_me (t)dt&g;_jmxumch)dg —a_jlxuc)y d¢ .

vi X(-j&y=X(j¢) va diy 1a didu phai chitng minh. (m)

Vi du 43: Tin hiéu causal lidn tuc x(¢) = e %, >0 c6 anh Fourier

X(few) = je aty-Jok gy = a+1 .
0 Jjo

Tin hiéu c6 nang lugng 1 binh phudng chudn bac hai:

= 2_T -2at 1
E-mxam2=£e di=—-

va gia tri ning lugng nay ciing dude tinh tit anh Fourter ctia né theo:

- 12
E=L
E=5- j

o o2
=LI -Larctanﬂ =L. )
27 - a? 2m a 2

—an

wla+Jjw

Cho tin higu causal x(#). Goi X(s) 13 4nh Laplace clia né. Gid sit ring X(s) c6 dang
thiuc-hitu ty vai bac clia da thitc ti s6 khong 16n hon bac clia da thitc mau s, tire la:
B(s) by +bs+---+b,s™

X(s)= = am vii m<n, (1.51)
A(8)  gg+ays+---+a,s”

" Dinh Iy 1.2: Xét tin hidu causal x(f) c6 X(s) dang (1.51). D& chudn bac 1 cia x(¢) 1a mét s&
hiu han,

|x@], =K <.

thi cdn va 4G 14 tdt ca cac diém cyc ciia X(s) phai ndm bén trai truc do {c6 phan
thuc Am).
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Chizng minh: Do x(t) ¢6 duh Laplace uén thee muc 1.3.1 phai tdn tai mét s6 @ diong da
16n aé

j]x(l)!e Yt <r,
0

Hang s6 a chinh 1a ban kinh héi ty cua tich phan Laplace:

s
X(s) = J'.r(l:)(e"""[dz vdl  s=cHjw va c>a.
0

Diéu nav chi rang trong nita mat phang phie bén phai dueng thing o = « ham X(s) ¢6
tinh gidi tich (khong c6 digdm cuc). Néu

Jx@© ], = [ltolde <=
0

thi ta ¢6 thé chon =0 va khi d6 X(s) sé giai tich trong todn bd nita kin mat phing phue
bén phai truc do (ké ¢ truc 40). Suy ra cic diém cuc chia X(s) phai nim bén trai truc do,
Neuge lai, néu tat ci cic diém cuc clia X(s) ndm bén trai truc do thi anh Fourier

X(jey 56 10 X(s)

s jo {muc 1.3.4). N6i cach khac tin hiéu x(¢) cé anh Fourier va do d6 né

phai thoa méin didu kién a) muyc 1.2.2 vé toan tii Fourier:

”x(t)|d£ <z (1a mot 88 hin han). O
0

Mién ma tal dé X(s) la
hém gidi tich

Hinh 1.19: Minh hea cho phan chimg minh
dinh 1y 1.2.

teor

Vi dy 44: Cho tin hiéu causal x{(¢) = ¢™ véi anh Laplace
' 1
s-a

Xis)y =

Gia tri chuan

x@], = f|x(t)|dt = ‘J:e”"dt (1.52)
4] 0



inl oy N 1 . .2 N N L . .. \
sé la mat s6 htru han bing - —néu a<0 (iém cyuc cua X(s) 1A a ndm bén tral truc ao).
a

Ngiuge lai khi a>0 thi diém cie @ cha X(s) khidng nam bén trai truc 40 va tich phan
(1.52) dé xdc dinh |x(@)|, cling khéug hoi tu. ]

- 2 - .- o .-
1.6 Mo ta tin hiéu ngau nhién

Cac tin hiéu ma ta da lam quen tir tride dén nay c6 chung mét dic diém 1 chang
déu duge ma ta bang mat ham thai gian x(¢) cu thé. Nhing tin hidu do duge goi la tin
higu tién dinh. Viéc ching mé ta duge chi bang mdt ham thai gian da néi 1én tinh tuong
minh ring trong cie hoan canh cang uhu thai didin gidhg nhau ta ludén xde dinh duoc
cing mét gia tri chio tin hidu,

Nhitng tin hidu khong mé ta duge tudng minh biug mdt ham thai gian cu thé co tén
la tin hiéu ngdu nhién. Ty vho ting hoan canh, timg truing hdp, ma tin hiéu ngin
ihién s€ nhan mot trong cac ham x(f) thuéc mot tap hop +(¢) nao dé lam mé hinh va
ngay cd hoan canh nao, trugng hgp nio né sé c6 mé hinh x,(t) ta cing khéng biét duge

trirge. Nhidu nha't ta chi ¢o thé bidt duge vé xic suiit né duge ma ta bai x(t). 8 cae phan

tl a;(¢) cia (f) khéug nhat thiét phai la mat s& xac dinh. Tham chi, né cé the 1a mot sé

d&ém dude ({ e N). song cung c6 thé 1a mot s6 khéng dém duge ( e R).

T-{lp hgp #(t) clia tat i cAc md hinh ¢6 thé ¢é cda tin hidu nghu nhién duge goi la
gud trinh ngdu nhién va dé md (4 tin hidu ngdu nhién mét cach day da ta phai mé ta tap
Ligp «(2).

Hinh 1.20: Tin hiéu ngau nhién ducc mé ta x(2)
nhuf 13 phén tr clia mat tap hgp cac ham
thdi gian ¢é cung tinh chat.

Do viéc md ta tin hidu ngdu nhién khang thé thuc hign dude vai mdt ham thai gian
x(t) cu thé ma phai bang mét tap hop «(¢) gém v6 s6 cac ham thoi gian x;(f) nhu viy nén
dé mé hinh hda tin hidu ngiu nhién, cin thiét ngudi ta phai xdc dinh dude cic théng s8
dic trung vé tap hop #(2) gom nhing mé hinh ¢ thé d6 cta né. Cac thong s6 6 sé duge
goi 13 tham s8 mé ta qua trinh ngdu nhién »@). N6i cacli khac dé mé ta mot tin hidu

ngdu nhién ngudi ta phai mé ta tip hgp »() cic md hinh x;(#) cd thé c6 ciia noé.



Cé hai tham s& thudng duge st dung nhiéu trong didu khién dé mé td mét qua trinh
ngau nhién «{t). D6 1a: '

~  Gid tri trung bink m.(#): Tai mot diém thdi gian ¢ cu thé thi cac ham x;(ty) déu la
nhiing s5 thyc. Gia tri trung binh cia tAt ca cac phdn ti x;(¢y) la m,.c(to). Cho ¢,
chay tit —oc d&n o thi m,{ty) sé tré thinh ham sé phu thude bién thai gian ¢, Mét
cach tong quat, m,(¢) 14 mét ham phu thude thai gian ¢ Si dung ky hiéuu M{-} &
chi phép tinh 14y gia tri trung binh thi m, ()=M{=()].

-~ Ham tudng quan ry(t, t): Tai mét ¢iém thdi gian £, cu thé thi ham twong quan
ry(to, ) 1a gid tri trung binh clia tat ca cac tich x;(tg)x;(ty+ D). Cho ¢ bién thién nhu
¢ thi ham tudng quan r (¢, ) sé 1a mgt ham cha hai bién ¢ va r. 84 dung ky hiéu
M{-} ciia phép tinh 18y gia tri trung binh duge r (¢, r)=M{x@xt+0}.

Nhitng qua trinh ngiu nhiédn () thudng gip 1a cac qud trinh ngdu nhién ditng. Dé

la Joai qua trinh nglu nhién ma ca hai ham my{¢) va r.( ) mé ta né déu khéng phy

thudc vao bién thoi gian £, Néi cach khae, qua trinh ngau nhién dimg qua trinh ma:

- Gia tri trung binh m_(¢) cia n6 la mdt hing sé m,eR.

- Ham tuong quan (¢, 7) 1a ham s& ¢6 mét bidn r. Vdi qua trinh ngiu nhién ditng

*(f) ta sé viét mt cach don gian la r (¢) thay cho r,(¢, 7).
Trong cac loai qua trinh ngln nhién dimg d6 ta lai chi quan tidm riéng téi nhiing

qud trinh ngdu nhién egodic. Day la loai qua trinh ngiu nhién ditng ma héi tham sd m,
va r(t) caa n6 khéng can phai duge tinh tit ti't ca ciac ham phdn ti x;(¢) clia tdp »() ma
chi can tit mét phan ti x(¢) lam dai dién. Nhu vay thi:

- Gia tri trung binh m, ella qua trinh nglu uhién egodic «(¢) sé 1a gia tri trung binh

cua mot phé‘in i x()
1 T ‘
m, = lim — [x{f)dt. 1.53
*orse 2T _'[P @) ( )
- Ham tugng quan r () cia qua trinh ngiiu nhién egodic #(#) 12 gia tri trung binh
clia tich x(t)x(¢+1) vdi x(2) 12 mgt phén ti tuy ¥ ciia tap hop a(2)

.1 T
re (9= lim ET_Lx(t)x(”T)dt' (1.54)

Trong diéu khién it khi ta chi 1am viéc v6i mét tin hiéu ngdu nhién. Khi phai lam
viéc vdi nhiéu tin hiéu ngAu nhién thi cAn phai dé 7 tdi méi lién quan giita ching. Cho
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hai qué trinh ngau nhién egodic #(¢) va 4(2). Dic trung cho sy lidn quan gita +{¢} va (£
la ham tuwong quan (chéo)

T
rey(® = lim 721? Ix(t)y(t+r)dt. (1.55)

Hai qué trinh nghu nhién #(@) va y(2) s& duge got la khing titong quan néur, y(7 =0.
Chéng han nhu hai thigt bj phat tin hiéu ngdu nhién khac nhau, ¢é ¢iu trac khac nhau
sé phat ra hai qua trinh ngdu nhién a(2), ¢() déc 14p vdi nhau. Gita ching khéng cé mét.

st lién quan nao va do dé phai c6 rey(D =0.
Pinh Iy 1.3: Ham tuong quan re(t) va rg(n clla qua trinh ngiu nhién egodic +(t), (@)
luén thoa man

a) ry(9 12 ham chin va r (0) 2 |r (3.

b) ry(n=r.(9.

Chizng minh: Tinh chin cla r (» dude suy ra ngay tir céng thic (1.54). That vay, do

T
re(-7 = hm L jx(t)x(t )dt = hm — Ix(t +r)x(t)dt
-T 2T -T-r

trong d6 ¢'=t—rva vi khi T—w cling c6 (-7—-1) = —® va (T-1) — ® gidng nhu T nén
1 T
r.(-n=1i — | x(t+r)x(t")dt' = r (7).
A0 = lim ZT—IT( ()t = 1 (1)

Tudng tu val (1.55) ta cling chi ra ditge rang

rxy(r) = ryx(—ﬂ.
P& chiing minh

re(0) 2 | (9]

ta sit dung diéu hién nhién

0 < lim 1 ‘f[x(t):tx(t+r)]2dt= lim L ﬂx?‘(t)i2x(t)x(t+r)+x2(t+r)}it
_T—»uo 2T-T T 2T—T

= lim —2—— J'xz(t)dt * hm -— J'Zx(t)x(t+r)dt+ hm — J'x (¢ + 7)dt

T—em

_T!I—Enm -é— Ix (t)dtx hm e IZx(t)x(t+r)dt+ 11m ﬁ ri{xj(t dt'

va suy ra
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0<2r 0) £r(a] .

Chi ¥ ring trong khi r (1) ¢6 gia tri 1dn nhat tai diém =0 thi rey(n khéng nhat

thiét phai ¢6 gia tri 16u nhat khi /=0. Dé xac dinh gia tri 16n nhi't cia Tyy(D) nguai ta
thudng sit dung céng thiic:

ey £ (0175 0) <4 [ rg(0) + 1y (O] (1.56)

va tinh ding din cta né dude suy ra tir

M{Le@®+ryg(t+21°} = 1 (0) + 2hrg 0 + k77, (0), (L.57)
trong do ta chon
k= — r”(f) vik=11.
ry(

Do r (1) va rey(D la nhitng ham thai gian nén ching ciing c¢é thé ¢é anh Fourier.

Anh Fourier ctia ro(?) k¥ higu béi

S = [ry(rle /" dz (1.58)

— D
c6 tén goi la mt d¢ phd (hop) qud trinh nghu nhién »(t). Cha y riang r (n) a ham chiu
{(dinh 1¥ 1.3) nén theo tinh chat 3) cua toan tit Fourier (inuc 1.2.2) anh Fourier ctia né
S (je) phai ld mét ham thuyc (c6 phan do bang 0). Bdi vay trong (1.58) ta di viét S, (w)
thay vi S,(je) d& nban manh diéu nay.

Twong ty anh Fourier
2 .
8w = Irxy(r)c_—"”rdr (1.59)

—o

duce goi la mdt d6 phd (chéo) gitta hai qua trinh ngdu nhién »#(2) va ¢ ).

Cau hoi 6n tap va bai tap

1) Vé dé thi bidu dién cac tin hidu x() san
a) x@)y=1-21¢-T) + 1¢-2T7)
b) x@®)=t1@) - ¢-T)-1¢t-T)
c) x(0)=t1l1@) -1¢-1)

d) =)= sincot-l(t).l(%—t)
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2) Biau dién cac tin higu x{f) sau qua ham Heaviside.

- x{t} By 4x(t) o 4x®
b b .
¢ T, ¢ y : !
T | — — | 1 ¢
-a a | 1 ~
E a3 4o
a
0 ax(d)
2 T 1
1 i
1 ' ¢
! (] .
T 2T 3T

Hinh 1.21. D6 thi bidu dién cac tin hiéu x(£} cho bai 1ap 56 2.

at klu 0<¢<T
(2T -ty khy T <¢<2T

tin hidw causal, tiela x(¢) =0 khi¢<0,vax(¢) = x(t+2T),

3) Biéu didn tin hidu x() = { dudi dang tong, bist rang x(¢) la

4) V@ dé thi bidu dién tin hiéu

a)  x(t) = ixk [1(1‘ ~ET)-10t -k + l)T]‘ trong do x), = sin}iT”.
k=0

{Siuzwt khi 0<t<T . ,._
via wT=n

by x0)= 3 fle—kT) véi ) =
) 0 ;Z:of( ) vor ) 0 khi ¢t<0,¢t>T

t khi 0st<1

O x)= ¥ f(t—kT) voif) = %(3-0 khi 1<t<3
£=0
0 khi t<0,¢t>3

2]

t~ kh1 0<¢t<T
d) x()= S [(-kT) vaifiy={(t-2T)* khi T<t<2T.
k=0 0 khi ¢t<0, t>2T

5)  Cho tin hiéu x(¢) = 1(¢t) - 1¢-T). Hay xac dinh cic tich chap sau:

a)  x () =x()*x() = f:c(r)x(l ~-r)dr .

-
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—®o| —>m

b) xy(f) = x(O)*x(t)*x(t) = _[ ': _fx(rg)x(rl -3 )dfg}‘(t ~r)dry .
V& d3 thj thai gian biu didn két qua. Co nhan xét gi v& két qua?.
6) Xac dinh anh Fourier caa tin hidu
a) x@=at khi 0<<T.
by =x(t)= at® khi 0<¢<T.
a khi 0<|e|<~

o x{f)= va x(t+T) = x(¢).

0 khi

0 khi

a khi 0<t<?™
d) x@) = r 2 va x(@+T) =20
- T
e) x(t)= [

1- Jxo khi 0<¢t< % va x(i+T) = x(¢).

u khiuz0 ..
i x@®= {Okhiu<0 vél u=Uycoswl.

g x@ = lul véi u = Ugsinot.
B =) =s'm[Q(t—t0)].
ﬂ't—to

7) Cho mét tin hiéu tudn hoan x(#) chu ky 7. Tin hiéu nay duge xdp xi bsi ham diéu
hoa biéu dién dudi dang tong hitu han

N ,
()~ Ya,e!"™ véi @,=a,va ol =27
n=-N

bing cach xéc dinh nhiing hé s8 a, sao cho binh phudng sai léch

2
dt

o2

I

—o0

Y jRat
x(t)- > a,e’”
n=-N

c6 gia tri nhé nhat. Hay chi ring khi d6 a,, chinh 14 hé s chudi Fourier clia x(¢):

a,= i?x(!)e' Jnat gy
n T A t

8) Hay chi rang —j-sgnw 1a anh Fourier cla Lt .
.4
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9) Ching minh rang 4nh Fourier cia mt ham x(¢) c6 mién xac dinh gidi ndi [a,b], tic
la x{2)=0 khizg[a.b], xac dinh trén toan bé truc s6 —o<w<w.

10) Pé truyén tin hiéu x(¢) ngudi ta da didu ché x(¢) thanh

X(t) = x{t) cos{ext — @)

Giita anh Fourier X(j&) cia x(¢) va J?(jw) cua X(¢t)cé quan hé gi?

11) Tim énh Laplace clla cdc tin hién & hinh 1.22:

Hinh 1.22: B6 thi bidu difin cac tin higu x(t) cho bai tap 58 11.

12) Hay giai thich tai sao cdc tin hidu sau khéng thda min lim x{¢) = 1in5sX(s) .
P 2o 5=

t néu t> i éu t20
a) x(t) = cos {nen t>0 b x(t) = smt’,neu
0 néu t<0 ) 0 néu t<0
13) Tim tin hiéu x(¢) ¢6 anh Laplace .
2 3 3
a) X(s)= 239+13s+17 b) X(3)=s +08° +9s+7
5" +4s+3 (s+1)(5+2)
2 3 2
0 X(s)= . 533 +19.s:)+20 d)  X(s)= rI53 1‘;113 _ s+1
sT+78° +173" +17s+6 s +458" +25° - 45-3
2
75° -20s-15 1
& X(s)= o——p D X(s)= - -
5°+6s° +25s (1+sT7)"(1+sTy)”
n
9 X(s)= ——— B K@= 0,12, ..
s(1+sT) (1+sT)"

14) XAc dinh tich x&p x(@)*y(t) clia cac tin hién causal sau
a) x@®)=t va y() = e_at
b) x()=coswt va y)=1(t)-1(¢t-T)

¢ x()=sin‘wt va y{)=e
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]
15) Xac dinh cac gia tri ddu x(+0), dx{(i:()) grf(:r—ol cua tin hiéu causal x(2) c6 anh
at-
Laplace :
sT(1+sT) Y1 +8Ty) (1+sT1)1 +sTy)
c) X(s)=—uu— d) X(s)=—1—. n=0.1.2, ...
28 +35+4 (1+sT"

18) Xie dinh didu kién dé ti hidu x(#) véi anh Laplace

n

_b()+bl"‘+ o bys

X(x) ;
Qo +ays+ o +l,s

thoa man
a) Lhmx(t)=#0
t->0

b)  lim x(¢) 20

t—a

17) Gial cac phuong trinh vi phin saw:

diy _d*y .dy .. - dy(+0) d*y(+0)
a) o+ —S+6—= vll y(+0) =5 ————=-8v —— =28,

de*artdi dt de*

2 i}
b) 712d ?+27‘ﬂ+ y=1 wvii y(+0)=0va M=O.
di? dt dt

c) d—;’v +3iil + 2y =20cos2t vl y(+0)=1 va dy+0) =5.

dr® dt at
d) 3“3;_+ 3%+2y =0 vél ¥(+0) = a va DO b.

/2

d*y dy _ . dy(+0)

BadELAP T =3 8 +0y = =——L =,
e) dt, +2 4Dy Vo1 y(+0) 1

18) Cho mét hé gém 116 xo ¢6 hé s§ dan héi ¢ v mét vit khéi hugug m nhu hinh 1.23a
mé ta. Tai thai diém ¢=0 vat bi mét luc tac déng tite thdi lam bat ra khéi vi Lri can
; o N . . .
bang y(+0)=0 va ¢d van tHc ban dau la —y;tﬂ=uo, Bo qua lue ma sat, hay xac
¢
dinh phuong trinh dao déng san dé ctia vat xuug quanh diém cin biug. Bién 46 dao
dong 16n nha't cia vat 1a bao nhiéu?.

a) b)
. R, R,
Hinh 1.23. Hinh minh hoa cho l—WE
2 : un)] ¢ = Ly
baitap 18 va 19. ]
ai tap 18 va y °



19) Hinh 1.23b in6 ta mdt mach dién gém hai dién trd R, R, va hat wg dién C,. C,. Hay
xac dinh dién ap diau ra y(t) cia mach dién néu tai diu vao cé w(l) = uy 1), bidt rang
tai thoi didm £=0 ca hai tu etng chua duge nap didn.

X1 = Xo

20) Vi cac gia tri dan a,(+0) =1. x,{(+0)=5. hay tim nghidm cta {' .
Xy = —X) — Xy + 3

21) Hay xac dinh xem nhiing tin hi¢u x(/) ndo trong 58 cae tin hidu ¢6 anh Laplace cho

trong bai 13 v bai 15 ¢6 chudn bac 1 [lx(@)|; 1a mét 86 hitu han.

292) Nguoi ta dinh nghia khoang cach gitta hai tin hiéu x(2). ¥} nho khai niém chuan
. Chang minh rang:

nhut 1a gia tri tmetric) d(x.y) =[x (O)-v(0)|
a) di{x+z.y+z)=d(x.y).
b) d(ax,ayy=jald(x.y) véi e i1 ndt sé thuyc.
23) Chémg minh cic bat dang thae sau vé chuan tin hiéu:
a) Jx@+ vol*s[xof+ 1yo) 1™
b e+ ywl s [0+ Jy0]” + 2|z ) |yol.
Cong thic b) ¢é 1én goi 1a bat dang thite Cauchy-Schwarz.
24) Cho mét qua trinh ngau nhién #(¢) 6 ham ty tuong quan r (7 = 9+25e—5" d
a) Xac dinh gia tri trung binh m, cha .#(t).

b) Xic dinh mat dé pho S () cua ().

Goi ¥ cho ciu a) 1a cong thae lim ro(r)=m? .

PR
25) Goi x{t) 1a mét phin tit cua qua trinh ngdn nhién egodic +(f). Chizng minh rang

a)  Néu x| s 1a mét s6 hitw han thir () = 0.

b) Néu [x@){.1a hotu han thi () ciing hitn han v r (9 < |x() ] v6i moi =
26) Chung minh cac céng thite (1.568) va (1.57) dung dé tinh xap xi gia tri Idn nhat cua

ham tuang quan ro..(1) gitta hai qua trinh ngdu nhién »(1) va y(f).

27) Hay xac dinh auh X(2) cua {x,} véi

& -k ‘hr on
a) x, =2 b) x;, =2 “cos| — + —)
* k H( 2 3
28) Cho tin hiéu xung {x;} ¢6 anh Z 1a X{z). Ching minh ring néu 6 limz" X(z)= M

T

thi cing ¢6 x,, =M.
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29) Goi X(z) 12 anh Z cha {x,} va Y{z) 1a dnh Z cha {¥,}. Ching minh ring néu tin

hidu {z,] dudc tao bdi z, = ¥ x,,¥,_n, thl né s& c6 dnh Z()=X()Y(z) — dinh ly vé

Mm=-aw

anh cua tich chép.

30) Hay tim tin hidu {x,] c¢6 dnh

a) X(Z) = 2 b) X(Z) =892"—+4Z

, z-2 4z° -5z +1
c) X(@)= ,,; d) X2 =—§—-

z°(3z-1) {(z-2)*(z-1)
-1 —223-32%2 4112
Xz ) =——— Xz =
e X@) (z-1)2-2) b xe (z-1)%(z +2)
g X(z) = In(1-22) h) X@) =In (1 -zi]
z

31) Cho tin hiéu tudn hoan {x,} véichu ky N, tic 1a x,= x;,p . Chitng minh ring

N N-1

Z xkz_k .

27 =1k=0

X(iz)=

32) Cho hai tin hiéu {x,} va {y,}. Goi X(2), Y(2) la dnh cha chiing. Gi¥a {x,} va {y,)

phai cé mai lidn hé gi d& c6 X(2) = Y(l] .
r4



2 MO TA HE THONG

Trong chuong 1 ta di 1Am quen véi nhitng phudng thitc mé ta tin hién. Trén co sd
cic hinh thitc mé ta tin hidu d6 ta sé tién hanh viéc xay dung mé hinh mé td mgt hé
théng diéu khién tuyén tinh,

M5 hinh 1a mét hinh thitc biéu dién lai nhiing hiéu biét ctia ta vé hé théng mét cach
khoa hoc nham phuc vy muc dich mé phéng, phan tich va téng hgp bs didu khién cho hé
théng. Khéng thé didu khién mét hé théng ma khéng hiéu biét gi vé hé théng. Ta hay
x6t mot bai toan diéu khién c6 sit dung by chuyén déi ap suit p md ta bdi tin hidu ddu
vao 1a u(f) thanh quang dudng dich chuyén biéu dién dudi dang tin hiéu ra y(¢) nhit hinh
2.1 md ta. Ta khong thé tao ra duge mot quang dudng dich chuyén ching han nhu 1mm
trong khoang théi gian, vi du 0,55, nhu mong muén théng qua viéc diit mét gia tri ap
sufit thich.hgp u(?) tai ddu vao néu nhu khéong biét ré sy phu thudc cia tin hidu ra y(f)
vdi tin hiéu vao u(t) clia bé chuyén déi. Cang nhu vay ta khéng thé didu khién mét dong
co chuyén ddi tit van tdc quay nay sang mot vin tde quay khac néu nhu khéng biét duge
t8c d6 déng cd phu thude nhu thé& nao vio tin hiéu ddu vao 1a dién ap hay déng, hoac
khéng thé ddu tit vao mét thi trudng (tin hidu vao) dé dat duge chi tidu c6 lai (tin higu
ra) nhit mong muén néu khéng hiéu ro vé thi trudng dé (hé théng diéu khién) ...

Apsutit pcod Khodng dich
fin hidu (& u(e) chuyén y(£)

—>

Hinh 2.1 D6i tugng diu khidn & bd cim bidn
chuyén a8i 4p suat thanh quang dudng
dich chuyén.

Théng qua vd van cac .vi du néu 1én sy cdn thiét phai ¢6 mé hinh hé théng didu
khién dé thyc hién bai toan didu khién nhu vay ta thay ro duge chit ugng didu khién
phu thugc rit nhidu vao mé hinh todn hoc mé ta hé théng. Mé hinh cang chinh xac, hiéu
suét céng viéc diéu khién cang cao,

Viée xdy dyng mé hinh cho hé théng dugc goi 1a mo hinh héa. Ngudi ta thuong phan
chia cac phuong phap mé hinh héa ra lam hai loai:



—  phudng phap 1y thuvét va
-~ phuong phap thue nghiém (hay nhan dang).

Phuong phap Iy thuyét Ia phuong phap thigt lap mé hinh dya trén cac dinh luat cé
san vé quan hé vat Iy bén trong va quan hé giao tiép vl méi trudng hén ngoai cua hé
théng. Cac quan hé nay dirge mo ta theo quy luat 1ly-héa, quy luat ean bang, ... dusi
dang nhing phiteng trinh toin hoc. Trong edc tridng hap ma ¢ dé su hidu bist vé nhing
quy luat giao t1ép bén trong hé théng cing vé madi quan hé gifta hé thiug véi mai trudng
bén ngoai khéng dude day di dé ¢o thé xay dyng dude mot mé hinh hoan chinh, nhung it
tthAt tir dé c6 thé cho biét cic thong tin ban dan vé dang mé hinh dé kheanh ving 16p
thay tap hop) cic mé hinb thich hgp cho hé théng thi ti€p theo ngudi ta phai ap dung
phuong phip thuc nghiém dé hoan thién nét viée xiy dung mét md hinh hé théng bing
cach tim mét md hinh thude 1ép cac mo hinh thich hgp do trén co s6 quan sdt tin hiéu
véo ra sao cho sai léch gita né véi hé thong so véi nhing md hinh khae la nho nhat.
Phuong phap thye ughiém d6 dudge goi 1a nadn dang hé thong didu khién.

Mic du da c6 md hinh hé théug. song cling phai thita nhan la khang thé néi rang
trong moi tridmg hdp md hinh dé6 mé ta hé théng diing 100%. Tat ca cic bai toan didu
khién ddu phai lam viée v6i nhimg mé hinh hé théng cé chia mét sai léch nhat dinh
hoéc it ra la ¢6 nhitng tham s8 thay dé nhidu. Béi vay & cic bai toan diéit khién hién nay
ngudi ta thuéng phai thue hién thém nhing nhiém vy theo d6i va chinh dinh lat mé
hinh cho phit hgp véi hé théng thue hodc phaithist ké bé didn khién dim bao duge chat
higug dé ra cho du ma hinh cé sai léech.

Bai todn diéu khién ma d d6 c6 thém kha nang nhan biét duge sy thay déi clia hé
théhg &8 tu ehinh dinh lai mé hinh cing nht luat didu khién dude goi 1a didu khién thich
nghi. Ngude Iai nhimg bai toan didu khién luén dam bio chit lugng dé ra cho du ¢6 sai
lech mé hinh hay ¢6 su thav déi nao dé khoéug biét trude trong hé théng ma khéng cén
phai giam sat. phai theo déi hé théng, ditge goi la dicu khien bén vicng.

w0 (t) Hé théng ky > Y1()

: . thudt S

Hinh 2.2: M& t& mét hé théng ky thuat wn(f) ’ Xyy e X, ¥ (£)
r — —> Y5

Dinh nghia 2.1: Xem mét hé théng k¥ thuat can xdy dung w6 hinh nhu mét khai kin véi
cac tin hiégn dau vao 13 w0, ..., u Aty vara by (8), ..., ¥ (t). tidc 1a hé théng ¢6 r
tin higu dau vao v s tin hiéu ddu ra (hinh 2.2). M6 hinh mé ta hé théng ma ta

quan tam la mdo kinh todn hoe biéu dién sy phu thude ciia s tin hidu ra y,(), ...,

¥¢(f) theo r tin hig¢u vao u(#). ... , u,(f) sao cho n&u biét tride cac tin hidu ddu vao
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uy(f), ... , upx(t) cing nhu nhitng "so kién" ban ddu cia hé théng x,, ... , x, thi véi

md hinh d6 ta c6 thé tinh ra dugc cac tin hiéu ddu ra y, (), ... » ¥s(8).

Néu ghép chung tAt ca r tin hidu diu vao u,(2), ... , u{f) thanh mét vector tin hidu
u; (t) »n)
vao u(t)= : va cat tin hiéu ra y,@), ... , y5(t) thanh y()= : thi ban chét cha
ur(t) : ys()
mé hinh todn hoc sé& chinh la anh xa
T:u®) > () ) (2.1a)

hay ngudt ta con viét thanh:
y)=Tlu®)}. ' | (2.1b)

Nhiéu khi thay vi tén goi tin hidu vao, tin hidu ra clia mét hé théng ngudi ta con sit
dung khai niém kich thich va ddp i#ng véi nghia nhu sau: Néu kich thich hé théng bing
{vector) tin hidu x(¢) thi hé thong s& c6 dap ung la ¥().

Hé théng s& duge goi 1a tuyén tinh khi md hinh toan hoc mé ta hé thdng la anh xa
tuyén tinh, tic Ia khi phan tich vector tin hidu d¢du vao u(2) thanh téng tuyén tinh cia
cac vector tin hiéu thanh phan:

u®)=a,u, ) tagu, @)+ +a,u, () (2.2a)

va gia thiét 14 da biét dap tng (tin hién ra) cfia hé théng cho timg thanh phin d6:
y,®= T{u, @}, ¥, (&= T{ux(®)}, ..., Y (O= T{u, ®)}, (2.2b)

thi dép Ung y(£) caa hé cho kich thich u(f) sé ciing chinh la t§ hop tuyén tinh tit cac dap
ding thanh phén trén:

AW =ay 3, O*agy, @)+ +any @), (2.20)

-MB&ét cach ngén gon, ban chit tuyén tinh néu trén cha md hinh 7 diuge viét thanh:

m m ‘

T{ Yau;(t) | = Y a;Tlu () . (2.2d)

=1 =1

va edn c6 tén goi khac 1a nguyén Iy xép chéng. Nha c6 ban chdt tuyén tinh nay (théa mén
nguyén 1¥ xép chdng) ma viéc khao sat, phan tich hé tuyén tinh dude trd nén don gian
hon nhiéu. Pé ¢6 duge nhimg tinh cha't v& mdt hé thdng tuyén tinh trén co sd phan tich
mé hinh toan hoc clia né thi ngudi ta chi cAn phan tich, khao sit dap g cta hé théng
v8i mot vai kich thich dién hinh la du, ching han nhu dap ung cla hé véi kich thich ddu -
vao 13 tin hiéu xung dirac &¢) hoic dap ang véi dan vao la tin hiéu Heavisde 1(2).



Tuy vao dang tin hiéu cua hé thdng 1a lién tuc hay xung ma md hinh 7T cha né duge
goi 1a mé Ainh lién tuc hay mé hinh rif rac. Clng nhu vay néu cic tin hiéu duge biéu
dién trong mién thai gian hodc mién anh Fourier, Laplace thi mé hinh sé ¢6 dang la
phroug trinh vi phan, ham truyén dat hay ham dic tinh tin ....

Khi hé thang chi cé mét tin hiéu vao va mdt tin hidu ra, ta sé goi mé hinh 7 la SISO
(chit viét tat caa Single Input-Single Quiput). Nguge lai ndu hé thang 6 nhiéu tin hiéu
vao va nhiéu tin hié¢u ra thi mé hinh T dugce goi la MIMO (Multi Input-Multi Quiput).
Cai bién di chut it ta sé c6 thém cac mé hinh MISO cho hé ¢6 nhiéu tin hiéu vao, mét tin
hidu ra hosic SIMO cho hé c6 mat tin hién vac nhung nhidu tin hiéu ra.

Céc loai md hinh hé thong dugce trinh bay trong chuong nay sé& ditge chia ra lam ba
nhom:

1) Nhém cic md hinh lién ‘i phd théng thudng gip. D6 1a nhitng mé hinh thudng
dudge st dung cho cac bil wan didu khién hé SISO. Chung bao gom:
a) MBs hinh dang phuong trinh vi phan md ta quan hé gita tin hidu vao va tin
hiéu ra. :
b) Ham truyén dat hay la ty sd giGa anh Laplace cta tin hidn ra va anh Laplace
cua tin hiéu vao. Né cling chinh 14 anh Lapace cua dap ting khi hé dirge kich
thich béi tin hién dirac &¢) ¢ ddn vao.

¢) Han dac tinh tin hay la ty sé gitta Y(s)|s=jw cua tin hiéu ra va U(s)|s=jm cua

tin hiéu vao.
2) Mo hiuh trang thai. Loai mé hinh nay dic biét rat thich hop cho cac bai toan didu
khién nhiéu chiéu véi hé théng MIMO.

3} M5 hinh khéng lién tuc, rdi rac khi cac tin hidu vao ra ciia hé théng cé6 dang xung.

2.1 M6 hinh lién tuc cho hé SISO
211 Phuong trinh vi ph&n md ta quan hé vao-ra

Thé loai mé hinh nay rat thich hop véi hé thong SISO. Anh xa 7' mé ta hé thong la
phudng trinh vi phan biéu dién méi quan hé giita tin hiéu vao u(f) va tin hiéu ra y(&). Mé
hinh nay diugc xay dung theo phuong phap 1y thuyét, tic 1a mé hinh sé duge thi&t lap
dua trén cac dinh luat ¢6 sin vé quan hé vat Iy bén trong va quan hé giao tiép véi méi
triting bén ngoai cua hg théng. Ciac quan hé nay duirge md ta theo quy luat ly-héa, quy
luat can bang. ... dudi dang nhiing phuong trinh toan hoc. K&t qua cua céng viéc md
hinh héa dé ¢é mé hinh 7 dang phutang trinh vi phan mé ta quan hé vio-ra la:

dn

d
a0y+al%+'“+anﬁ=h0u+b1d_l;+"'+bm_s (2.3)
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trong dé cic hé sf a; cing uhu b; duge xac dinh tt cic phan tit (linh kién, thigt bi) cdu
thanh trong hé théng. Chung c6 thé la hing s3, song ciing c6 thé 1a nhiing tham s6 phu
thudc thoi gian ¢ hodc nhitng déi s6 khac. Vi du nhy dién trd cha mot dwang day din
dién s& la tham s6 phy thuéc vao db dai doan day hodc nhidt dé cia vat duge nung sé 1a
tham s§ phan bd khéng déu tit b& ngoai vao tim clia vat ...

N&u cac hé sd a; ciing nhut &; phu thudc ¢ thi ngusi ta n6i mé hinh (2.3) 1a tuyén tink
khéng dimg. Ngwde lai néu chung phy thuge nhitmg déi sé khac thi mé hinh (2.3) la
tuyén tinh vdi tham sé'rdi.

Mb hinh (2.3) ¢6 tén la phuong trink, vi khi bidt tritde kich thich () thi véi no ta sé
tim dudc nghiém y(¢) 1a dap dug coa hé théng. Sau diy ta s& xét mét s¢ vi du minh hoa
cho vide xay dyng md hinh hé théng ¢6 dang phuong trinh vi phan giita tin hidu vao u()
va tin higdu ra y(z).

Vi du 1: Cho mét mach dién trén hinh 2.3. Bi&t trude gia tri C cua tu dién L cia cudn day
va Ry, R, cha dién trg la nhing phan tf trong mach dién. Hay xac dinh mé hinh mach
dién duéi dang phuong trinh vi phin mé ta quan hé gitta tin hiéu vao la dién ap u() va

tin hiéu ra y(z) 1a dién ap trén R..

Uc ur
O { g
C Ir :
- u(t) R y(®
Hirh 2.3: Minh hoa cho vi dy 1. !
O C

Cac dinh luat Kirchoff s& dudc sit dung phyc vy viée xay dyng mé hinh mé ta 7" duéi
dang phudng trinh vi phan. Ta dinh nghia thém cac bién:

- Dién ap up trén tu diégn C.

- Dién ap u; trén cuén diy L.
- Dién ap up, trén dién tré R;.
- Dong ir diqua tu dién C.

- Dongi; di qua cuén day L.

- Dougig di qua dién tré R,.

Nhu vay thi:
1) Theo cac dinh luat cua Kirchoff co:



a) uelf) + uplt) = u(t) . (2.4a)

b)  up(e) +y(t) = uglt) (2.4b)
¢} ig(e) +ig(t) = ic(®) " (2.4¢)
2) Theo cic dinh luat vé cac linh kién cé:
4 du, (t)
a) oty = c—%— (2.4d)
_y dir®)
b) g =LEE 2.4¢)
©)  Ryiglt) = uplt) (2.45)
d) Rgip () =y() (2.4p)

Tu nhitng céng thitc trén, budc tiép theo ta sé tim cAch loai cic bién da duge dinh
nghia thém dé cudi ciing phai d&n ditge phuong trinh chi edu chita hai bign la u(f) va y(@).
Dao ham hai v& cia (2.4a) rdi cing véi (2.4d), (2.4c), (2.40) va (2.4g) dude

i) | dug(t) _dut) iL () +iplt)  dup(t) _ du(t)

C dt dt C dt dt
(@) ur()}, dup(t) _ du(t)
ht ("( R, )+ dt de e -(2.4h)

Thay tiép (2.4b), (2.4e) va (2.4g) vao (2.4h) cé:

ORTAOLE IO _ du(t)
cr, " cr, @) dt
1 L dig(®), dyt) ,d% @) _ du(t)
et [CR1 CRQJ O ER T ar at LT dr
2
. 1 yt)e| L q |20 L a7y _ dutt)
CRI (‘R CR] R2 dt Rg dt z dt

Suy ra

dult)
dt

vi ta ¢d duge md hinh mach dién duéi dang phudng trinh vi phdn

g
oLk, EE0 R By B + R Ry = CR,R,
£ ,

2
dy(t) +a, d®y(@) _ b, du(t)
dt di? dt

ag y{t) + a;

véi =R,+R,, a,= CRRL, ay=CLR, va b,=CRR,. o
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Vi du 2: P& nghién ciu cic bd gidm ch&n & 6 tH, thidt bi miy méc, ngudi ta cn phai md
hinh héa ching. So dd nguyén 1y bd giam chin duge cho trong hinh 2.4, trong d6 ¢ la
h&ng s luc clia 16 xo, d 1a hing s6 dic trung phdn gidm téc va m 1a khéi htdng tinh eiia
thiét bi dé 16n bd giam chan. Hay xdy dung phuong trinh vi phin mé ta quan hé giita iin
hiéu dau vao la lyc u(f) ép 1én bd giém chén va tin hidu ra ¥(2) 1a d6 hin cia né.

2
F,=m d g m

dt
F,=cy(?)
dy
F,=d =
47" dr

Hinh 2.4: M hinh hba bd gidm chdn, minh hoa cho vi du 2.

d%y . s
a) F,=m e (tién d& v luc cua Newton)
.2
b) F.=cy() {(Ige can cua 16 xo)
¢) Fy =d—3—% - (luc can cha bd giam tdc)
d) F,+F+Fy=u(®) (tién dé can bing e cha Newton).

Suy ra phuong trinh vi phdn mé ti bg giam chén la:

d’ , ,dy
——+td—=+ cy(t) = u®).
M e cy(t) = u(t)
Vi dy 3: Cho.mét binh ding chét 16ng md ta § hinh 2.5,
Biét trudce cac thong s8 vé binh nhu dién tich day A caa
binh, hé s8 chuyén ddi ap sudt p(®) trong binh véi hru
Iugng ra y(¢) 1a », tic la

#0)
r

yy =

v hé 88 chuyén d6i 4p suit p(f) vdi dé cao cot chit 1ong Hinh 2.5. Minh hoa cho vi du 3.
trong binh 1a y, tic 1a '

p®)=y-h(t).
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Goi z(f) 14 luu lugng chat long chay vao binh. Vay thi:
p(t) Z—h(t) - dy(t) _y dh(@t) _ ¥ ul®)-y@®)
dt rodt r A

va ta ¢d duge phltdng trinh vi phin mé ta quan hé luu lugng vao u(t) véi heu llfdng ra y(t)
nhu sau:

y{H =

dy(t)

FA——+ v . y(t)=y ult). ()

21.2 Ham truyén dat, ham trong lugng va ham qua do

Mé hinh cho mét hé théng tuyén tinh SISO c6 tin hiéu vao wu() va tin hidéu ra y(¥).
Ham truyén dat G{s) dugc dinh nghia nhu 13 ty sé giita anh Laplace Y(s) cia dédp Gng
¥(¢) cho anh Laplace U(s) ctia kich thich «(f) khi hé dugc kich thich tit trang thai 0, tic 12

n-1
khi c6 cac difu kién ddu y(0), dyd(f) - dd ny(1 ) ddng nhit bang 0. Néi ciach khac
; SRR t
Gy = 1)
U(s)

Viée cho cac gia tri ddu bang 0 khéng anh hudng tdi bdn chat cha mé hinh la dai
dién cho tinh déng hoc cha hé théng ma hoan toan nguge lai, véi viéc dé ¥ thém téi
nhitng gia tri ddu, mé hinh sé chi ¢6 thé mé ta riéng vé tinh déng hoc cia hé thdng img
véi nhitng gia tri diu dé.

Tuwong tu nhu da Yam ¢ muc 1.3.3 khi 4p dung toan tit Laplace d€ giai phuong trinh
vi phan tuyén tinh hé s& hang, nhung d diy ta di tit phudng trinh vi phan (2.3) mé ta
quan hé vao ra clia hé théng véi cac didu kién ddu

dw0) _  _ d"lyo _
dt den1

¥y =

thi khi chuyén sang mién phic bing toan ti Laplace ta ¢é:
(g +ays+ - +a,s)Y(E) = (bg +bys + - + b, sMHUS) (2.5a)
va do d6 dugec ham truyén dat

Y(s) _ by + b5+ + b, s™

U(s)  ag+ays+--+aps™

G(s) = (2.5b)

So vdi (2.8) thi viéc s& dung haun truyén dat lam mé hinh ¢6 tinh wu viét hon hén la
quan hé gita tin hidu vao véi tin hidu ra nay dudc mé ta bang mét phitong trinh dai sé
tuyén tinh (2.5a). Diéu d6 gidp cho céng viéc xac dinh dap (ng y{¢) cia hé théng Gng vdt
mot kich thich u(t) cho trude ditge don gian hon nhidu. V& ham truyén dat (2.5b), vide
khao sat dic tinh déng hoc cia hé thong cing don gidn va nhanh chéng nhu ta sé& thay
sau nay.
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Tuy rang ham truyén dat (2.5b) dude dan tir phuong trinh vi phin md 1a quan hé

vaoe-ra (2.3) clia hé théng, song diéu dé khéng nhat thist 1a d€ c6 ham truyén dat phai 6
md hinh dang phuong trinh vi phan. Ta sé& xét mot vai vi du minh hoa cho diédu dé.
Vi du 4: Quay lai vi du 1 vdi mé hinh mach dién cho trong hinh 2.3. Sau khi da dinh
nghia thém cac hién mdi la dién ap up trén tu dién C, dién ap u; trén cuén day L, dién
ap ugp trén dién trd K|, dong i~ di qua tu dién C, dong i; di qua cudn diy L va déng ip di
qua dién (ré R, ta c6 cac phudng trinh (2.4d) + (2.4g) md ta quan hé gida chiing. 88 ddn
gian hon nhidu néu cac quan hé dé duge bién dién théng qua anh Laplace cia chiing.
Goi Up(s) 12 anh ctia ue, Upds) 1a aunh cla u; . Ug(s) 1a anh cda uy,, {o(s) la anh cla ip,
I;(s) 1a Anh cia i va Iy(s) 1a anh cda iy, thi cic quan hé (2.4d) + (2 4g) trd thanh

a) Ip(s) = CsUpls)

b) UL(S) = L'?IL(S)

C) RIIH(S) = UR(S)

d) R2 IL(S) = Y(S).

Khi d6 thi tit nhitng phuong trinh Kirchoff (2.4a) + (2.4¢) ta ¢é ngay dide:

CRRysU(s) = CR\RysUp(s) + CR RysUR(s)

= [CLR,s°+ (CR,Ry + L)s + (B, + R)IY(s).
Suy ra ham truyén cta mach dién hinh 2.3 la:
CRIRQS

G(s) = 3 .
CLRys° + (CR R + L)s+ (R, + Ro)

a

Vi du 5: Hiy xac dinh ham truyén dat cho mach dién c6 so 46 mé ta & hinh 2.6, trong dé
trj 56 linh kién L cua cugn diy, R cla dién tré va C cila tu dién 12 cho trude.

v .
— L

uft)
Hinh 2.6: Minh hoa cho vi du 5 vé viéc xac dinh
ham truyén dal. oO—

ly(t)

Ky hiéu anh Laplace cho nhiing bién duge dinh nghia thém bang cdc chii in hoa
(hinh 2.6) ta sé co:

1) Theo Kirchoff:




a) Ugls) +Y(s) = Uls)
b)  Inls) + Igls) = I1(s)
2) Theo linh kién:

a) Ij(s}= ﬁ Urls)
b) Is) = i Yis)
e Yo = —IC(S)

Suy ra:
Uis) = U(s) + Y{s) = LsI;(s) + Y(s) = LslIp(s) + Ix{s)] + Y{(s)

=Ls(Cs + ~11—2— YWis) + Y(s) = (CLs® + % +1)Y(s)

va ta dude ham truyén cia mach dién o

Y(s) 1 e
G(s) = . , m}
ues) CLs® + —Lé s+1 '

Vi du 6: Cho ha cd gdm mét 16 xo c6 hé sd ¢, mét vat véi khéi lugng m va bé suy gidm tdc
6 hé s0'd duge ndi véi nhau nhit hinh 2.7 mé ta. Hay xac dinh ham truyén dat cho hé cg
d6 néu tin hiéu ddu vao u(#) duge dinh nghia 1a lIic bén ngoai tac déng lén vat va tin hidu
ra y{t) 14 quang dudng ma vat di duge.

Goi F,, F,, , Fg . 1a nhitng lyc ctia 10 xo, vat va bd suy gidm tdc sinh ra khi vat dich

chuyén nhim can si dich chuyén dé thi:

Fc = Cy(t)
_d* a“yt)
Fin =m Tdt?
. dy(1)
Fy=d=2
d dt

va da d6 theo tién dé8 can bing luc ta duge:

d’ y(t) q )
dr? dt

u)=F . +F , +Fg=cy(t) + m ———
Hinh 2.7 Cho vidu 6.
& Uls) = {c +ds +msH)Y(s)

Suy ra him truyén dat ciia hé la:

Y (s) 1
G(s) = =— . ]
U(s) ms®+ds+e
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Goi g(®) 12 ham gdc (causal) cla ham truyén dat G(s), tiic 1a
gy =2 '{G(s)}.
vay thi theo tinh ch4t tha 5 cha toan tit Laplace (muyc 1.3.1) ta ¢6
Y(s) = G(s)U(s)

&y =200 = [g(Dul-)dx (2.62)
= [gt-7)u(r)dr . (2.6b)

Ham g@) dudc goi 1a ham trong lugng cia hé théng. Véi u(?) = &) thi do
Uis)=1
nén c6
yt) =g
vil ta di dén:

Binh Iy 2.1: Ham trong lugng g() 1a dip dng cta hé théng khi hé dang & trang thai 0 (c6

S n-1
V@O - dT O) e 0) va dude kich thich béi tin
d‘ dtn—l

chc gia tri ban dau y(0)

hiéu dirac &) ¢ ddu vao. Véi ham trong lugng g(¢) ta luén xac dinh duge tin hiéu ra
¥(2) theo cong thitc (2.6), néu biét trude tin hiéu vao ult).

Nho cong thic (2.6), khi cho trude kich thich w(f) ta luén xac dinh duge dap dng »{t)
clia hé théng vai gia thiét ring tai thoi diém bit ddu dude kich thich hé dang & trang
thai 0. Pidu nay néi ring ban than ham trong lugng ciing 1a mét mé hinh mé ta hé théng
vA mé hinh d6 duge x&p vao loai mé hinh khong tham sé. D6 1a nhitng mé hinh biéu diéu
true quan dic tinh déug hoc clia hé théng dudi dang bang tra hodc dé thi.

Béan canh ham trong lugng g(), mét thé loai mé hinh khéng tham s& khac ciing
thudng duge sit dung d€ khao sit tryc quan dac tinh déng hoc hé théng la ham qud d6
h(t) duge dinh nghia nhu la dap dng cha hé théng khi hé dang & trang thai 0 va duge
kich thich bdi tin hiéu Heaviside 1(¢) & ddu vao.

Vi ddu vao u(®) la tin hiéu 1(2) thi

U(s) = 1‘.
s
do @6 ham qua d8 A(?) cé anh Laplace H(s) dugde tinh theo:
H(s) = Y(s) = G;S) .

Bdi vay, theo tinh chat 6 ciia toan ti Laplace (muc 1.3.1) ta suy ra dugc
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¢
A@) = [g(r)dr . (2.7a)
0
Gia st riing mot hé thong c6 ham truyén dat G(s) duge kich thich bing tin hidu u(t)
c6 anh Laplace [/(s). Tin hiéu ra y(¢} cua 06 khi dé =& la:

() =" GeU@E)) =27 {sHU®G) }.

Né&u ggi ¥(t) 1a tin hiéu ¢é Anh Laplace H{s)= H(s)U(s) thi
- = o]
@) =& ' H(s) }= [ht-dr)dr .
Nhing do () = 0 khi t<0 eiing nhu k(t-7) = 0 khi #>¢ vi chiing déu la cic tin hiéu
causal nén

¢
y@) = fh(t - Du(r)dr .
0

Ap dung tinh chAt 7 cla toan ti Laplace (muc 1.3.1) cho H(s) = 3 FI(S) ta sé co

dy(e) _

y@) = 1t

t
Edz_[h(t - u(r)dr (2.7b)
0

néu nhi 5(+0) =0 va d6 chinh 1a ndi dung tich phin Duhamel.
Pinh Iy 2.2; Ham qua d6 A(?) 1a dap ng cha hé théng khi he dang & trang thai O (c6 cac

n-1
dy(0) Y s d’_y©) bang 0) va duge kich thich bdi tin hiéu
dt dtn—l
Heaviside 1()  diu vao. Véi ham qua dd A(f) ta c6 thé xac dinh duge tin hidu ra
¥(t) theo cong thitc (2.7b), néu biét trude tin hiéu vao u(?).

gia trj ban ddu y(0),

Mot hé théng tuyén tinh, sau khi da duge ﬁa_ﬁ hinh héa va c6 ham truyén dat G(s),
sé thuong duge biéu didn don gian thanh mét khéi c6 dang nhu hinh 2.8. Cach bidu dién
nay rét tién cho viéc xiy dung md hinh cho mét hé phic tap gém nhiéu khéi mic ndi
tiép, song song hoic phan hai.

&e) g
1) —] G(s) —» h(D)
u(®) ¥ @)

Hinh 2.8: M4 t3 hé théng bing ham truyén dat,
_bgtbis+ b, s™

G(s)

g+ oS+ +a,st
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Vidy 7: Cho hé mé ta bdi ham truyén dat

1+Tys
1+T,s

G(s) = vai T+ T, .

Auh Laplace H(s) cia haim qua dé A(f) cua hé s8 la

G(S)=l_Tﬂl_Tt‘ 1

H(s) = .
8 T s+ L T\ t
m
Hinh 2.9 Minh hoa cho vidu 7.
Suy ra
hey= = =Tt Ty 1), a
Ty )

Do ham qua d6 2(¢) c6 anh Laplace 14 ﬂls—)nén tir dang dugng 46 thi ciia A(t) ngudi
o

ta ¢6 thé suy ra dude nhidu tinh chat cho G(s). Dinh 1 sau minh hoa cho diéu do.

Binh ly 2.3: Cho mét hé théhg tuyén tinh ¢6 ham truyén dat G(s) dang thuc-hiu ty

Py m
Gls) = by +bis+--+ b5

(2.8)
Qo+ s+ +a,s"

a) Néu dudug k() xuat phat tir 0, tic 1a A(+0)=0, thi n > m . Trong trudng hop
ngude lai khi (f) khéng di tit diém 0 (2(+0) = 0) thi n < m.

b) Né&u dudng k() di tit 0 va cé dao hiim tai 0 cfing bang 0, titc la %h(+0) =0, thi

n—m >1. Ngudce lai néu A(+0)=0 va %h(+0) #0 thin=m+lL
¢) N&u duong k() tién ti v6 han ( lim A(t) = o) thi aq=0.
t—o

d) Néu duong k() tién t81 0, titc 1a hm A@) = 0 thiag= 0 va b3=0.
o«

e) Néu duong h(?) tién tdi mot hang s6 &, tuc 1la lim A=k, thigy=0va k =0
{0 ag

G(s)

s

Chitng minkh: a) Do anh Laplace H(s) caa A(t) 1a H(s)= nén theo tinh chat thu 10

cla toan ti Laplace (muc 1.3.1, chuong 1) ta cé

h(+0) = lim G(s) = lim b—msm_” .
i ] s—w apn

Boi vay néu A(+0)=0 thi ciing phai ¢6 n > m . Ngudgc lai khi A{(+0) # 0 thi hoac n=n, nédu

. PO . b - ” fy A
A{t) xud't phat tir hing s8 -2, hodc n<m néu h(t) xuit phat ti vo ciing.
Qp
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Tudng ty ta cfing ching minh dwde cho edu b) véi sy trg gitip thém cha tinh ch&t
thiz 7) cua toan tit Laplace, tl'Ic l1a véi

—h(+0)_ lim s[G(s)—h(+o)]— lim 7 bm gmtl-n

S0 s Qp

Dé chiing minh cac cau ¢), d) va e) ta sit dung tinh chat thi 7) va thir 9) clia toan tl
Laplace d& c6 quan ha:

hm h(t)=lim G(s) va lim —d—h(t)= lim s[G(s)~-k(+0)]. m)
t—yen dt 50

s—0

Hinh 2.10: Minh hoa cho
dinh Iy 2.3

Cudi eling, trude khi két thiic muc nay, ta xét mét trudng hop riéng song ciing cin
phdi ban dén. D6 la nhiing hé thénug tuyén tinh ¢6 ham truyén dat

G(s) =
Kich thich hé nay bdi u(#) vii u(+0) = 0, hé s& c6 dap ung
d
¥ =& {Rslie)) = .
Diéu nay néi ring tai mat thai diém ¢5, mudn cé ditge y(tp) thi ta phai cé dudc cac gia tri
cuia u(#) trong mét 1an ean thude ¢; vi

duty) _ 1 o +Ty)-ulty)

Al

dt T, =0 T,
= lim u(tg +Ty)—ulty - Ty) “
T, =0 2T, ;

Noéi cach khac phai cé dude cac gia tri cla u(t) tritde va sau thai diém 2, Viéc phai cé
nhiing gia tri u(Z) sau thdi diém ¢, thi méi cd duge y(¢y) da vi pham tinh nhan qua cta hé
thong k¥ thuat rang dap ving khéng bao gid co truée kich thich, hay két qua bao gid cling
phai ¢6 sau nguyén nhan (tinh causal cfia hé thang ky thuat), Béi vay, khong thé cé mét
hé théng ky thuat cé ham truyén dat G(s) = ks.
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Téng quat, cdc ham truyén dat dang (2.8) cia mét hé tuyén tinh, néu c6 m>n thido
G(s) viét duge thanh:

m-n _ dy +dys+---+d,s”

Gs)=cpteys+ - +eopy u8
ag+a;s+--t+a,s’
Nén trong dap {ing y(t) clia hé d6 phai 6 thanh phia khdng causal y.(¢) v6i anh Laplace

_ m-n
Y. (8)=cpt+es+ - +cpy_pS

Ta di dén két luan chung:

Binh Iy 2.4; Bac da thic tit 56 cia mét ham truyén dat ((s) clia he théng tuyén tinh cé
tinh causal khéng duge 1611 hon bac da thiic man sé cha né (m<n). Cac ham truyén
dat nhu vay c6 tén la Agp thic (proper).

21.3 Dai sd sd dd khdi

Viée biéu dién mét hé thong qua ham truyén dat, dic biét la mé ta truc quan dang
kh3i nhu 4 hinh 2.8, gitp cho ta dé diang xac dinh duge ham truyén dat cho mat hé théng
16n, phitc tap. Khi gap mét hé thong 1dn gém nhiéu khiu, nhiéu céng doan, ngitdi ta
thudng chia nhd hé théng thanh cac hé théng con ]a nhimg khau va eéng doan d6. Tiép
theo ngudi ta xac dinh ham truyén dat cho titng ha con réi tit cac ham truyén dat cha
nhiing hé con méi tinh ra ham truyén dat cho toan bd hé thang 16n.

Muc nay sa gidi thiéu cic phuong phap efia da:i s6 so dd khéi phuc vu viéc xac dinh
ham truyén dat cho hé 16n tir nhitng ham truyén dat ctia céc hé thanh phan (hé con)
trong né. Tén goi ciia phuong phap la *dai sé'sa dd khoi” cling ¢6 nguyén nhan cla né:

—  Thit nhat la vi cic phuong phip nay lam vide véi nhirng phin ti 1a k41 biéu dién
cic hé con nhu hinh 2.8 mé ta.

-~ Thit hai 14 vi ndi dung cua timg khéi (phan t{) 1a ham truyén dat hgp thitc dang
(2.9) , trong khi tAp cdc ham hgp thdc (m<n) két hgp véi phép céng, nhan trong
chiing va phép nhan véi s6 thyc (hodc phitc) lai tac thanh mét dai sé'trén trucng
s6 thuc R (hosic C).

1) Hai khéisong song
Hinh 2.11a) mé tad mo6t hé goém hai khéi (hé con) véi ham truyén cia timg khéi la
G(8), Go(s). Hai khéi nay ditge néi song song cé cing tin hiéu vao u(¢). Tin hiéu ra cta
tirng khéi 12 y,(2) va y,(£). Tin hiéu ra y(¢) ciia ca hé la tong/hidu cia ching:
Y@ = y,(8) £ yult).
Goi G(s) 1a ham truyén dat cua toan bo hé théng, vay thi:

Yis) _Yi(8)2Ys(s) _Yi(5) , Y1 (8)
Uls) U(s) Uy Uls)

(G(s) = = G(s) * Gy(s).
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Néi cach khac, ham truyén G(s) clia ca hé la tdng/hiéu clia cdc ham truyén thanh phan -
hinh 2.11b).

a) b)
w(t) ¥,y ¥@ u(l) y(t)
O —» G(s) £ Gy(s) —>

Hinh 2.11: M6t hé c6 hai hé con
ndi song song.

2} Hai khéi ndi tiép

Xét hé gém hai khéi con G (s), Go(s) mac ndi Liép nhut hinh 2.12a) md ta. Tin hiéu
vao u(t) ciia ca hé ciing la tin hidu vao cia khéi thir nhi't Go(s). Tin higu ra w(?) clia Gy(s)
la tin hiéu vio ciia khéi tha hai G (s). Tin hiéu ra y(#) cta G.(s) 1a tin higu ra cia hé
théng. Tir dé ta c6 duge:

{Y(S) =G (s)W(s)

W(s) = Go(s)U(5) Y(s) = G((5)Gofs)Uls)

hay

Y() _ G.()Cy06).

G(s) = Uis) =

Vay ham truyén dat cia hé théng gdm hai khéi néi tiép la tich cia hai ham truyén dat
cua hai khéi dé — hinh 2.12b).

a} b)
’ o u(t) w(t) ¥(t) u(t) y(@)
Hink 2.12: Mot yhé ¢d hai hé Gyfs) > G, (s) —> Gi()Gy(s) —>»
con noi tiép.

3} Hé co haikhdi ndl hdl tiép
Khai niém hai khai néi héi tiép dude mé ta ¢ hinh 2.13a). Tin hiéu diau ra y(¢) ctia

hé théng ciing 1a tin hiéu ra cha khéi thi nhat G,(s). Né duge dua téi ddu vao khéi thi
hai G,(s) 48 phan hdi nguge trd lai ddu vio cho G,(s). DAu vao et) cda G,(s) Ia tin hiéu
tao bai tin hiéu vao cua hé théng z(z) va tin higu ra w(Z) ctia Gy(s):

e(t) = u(t) x w().
Suy ra

Y(s) = G1(s)E(s) = G, (s)U(s) 1 Go(s)Y(9)] = Gi{s)Us) + G (5)Gals)Y(5)
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Y Gi(s)

= Gis) = Us) - 17 GaCra) xem hinh 2.13b).
a) b)
u) e(t) ¥(6) u(t) G (s) ¥(£)

Hinh 2.13: MOt hé ¢ hai hé con
ndi hai tiép.

‘ 1+ GQ(S)G] (S)

4) Chuyén ndt néi tin hiéu H trudc ra sau mot khai.
Hinh 2.14a) mé td moét khéi G(s) cé tin hidu dau vao la téng/hiéu cta hai tin hiéu
thanh phan «,(t) va u,(). Nhu vay thi tin biéu ra () sé ¢6 Auh Laplace la:
Y(s) = Gis U (s) + Us(s)] = G(s)U,(s5) £ G(s)Us(s)
va do dé ta ¢6 duge mdt sa db tudng dudng nhu & hinh 2.14b), trong dé mit néi hai tin
hiéu u,(t), u,(t) da duge chuyén ra sau khai G(s).

Q) b)
y(t) y(t)
1@ Gis) —— _”_‘_(2 G(s) L .
Hinh 2.14: Chuyén nat ndi 1 trude

+

+ +
g(t) ug(zz ri—s)— ra sau mat khai.

5) Chuyén nat ndi tin hidu I sou t6i trudc moét khéi.

a) b)
u() @ YO u) y(©)
) GGs) | > Hinh 2.15: Chuyén ndt ndi t sau
B * ra tnrdc mot khoi.
¥ 1|
G(s)

Cho hé vidi ham truyén dat G(s) c6 tin hiéu ra y(¢) 12 tdng/hidu clia tin hidu ra y,(2)
cua G(s) vA mjt tin hidn ¥4(¢) khac — hinh 2.15a). Nhu vay thi

1
Y(s) = Yy(s) % Yy(s) = Gs) [ Uts) & G Yy,
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tize 1 tin hidu ddu vao cha khéi G(s) nay sé 1a tong/hiéu cia hai tin hiéu #(2) va tin hiéu

ddu ra clia khéi

c6 dau vao 1a y,(2). Tir @6 ta c6 dude so dd tuang duong nhut § hinh
:

2.15b) md ta.
1
(s)
thic (bc da thite t 56 1dn hon bac da thite mau ).

Chi y la khél méi duge tac thanh ¢6 thé khong c6 duge ham truyén dat hop

&) Chuyén nit ré nhdanh fin hiéu 1 frudc ra sau mdt Khéi.

Nguyén téc chuyén mét ndt ré nhanh tin hidu tir trude khi G(s) ra sau khéi do6
dige mé ta trong hinh 2.16.

Q) b)
u(t) ¥.(0) ult) yi(®)
> G6) y ’(t) > C® | Hinh 2.16: Chuy8n nit ré nhanh tir
_.._____2, 1 inréic ra sau mét khdi.

¥alf)
i &

G(s)|

7> Chuyén nit ré nhanh tin hiéu tir sau 16i frude mdt khai.

Hinh 2.17 trinh bay nguyén tic chuyén mét nit ré nhanh tin hiéu tir phia sau tdi
phia trude mét khéi ¢6 ham truyén dat G(s).

Q) b)
u(t) »i) u@) »®
> i > G6) Hinh 2.7 Chuy&n nat ré nhanh ti
¥all) ¥olt) Irudc ra sau mot khai,
Gs) —>

8) Chuyén ndt ré nhanh td irude ra sau mdt ndt nSi.

Hinh 2.18 trinh bay nguyén 1y chuyén mét nit r& nhanh tin hidu tir trude mét mit
ndi ra sau niit néi dé.

Q)
w(l)
u@) |t ¥()
—
‘ ”(,t) Hinh 2.18; Chuy#n ndt ré nhanh tir

inrée ra sau mét nut ndi.
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$) Chuyén nit 18 nhanh I sau t6i truéc mot nit nél.
Nguyén tdc chuyén niit ré nhanh tit sau téi trude niit néi duge mé ta 3 hinh 2.19.
a, b)
w(t)
ult) 3+ yQ)

w(®)

¥(@)

Hinh 2.19: Chuyén nut ré nhanh tis

y(@) Bl e
y(2) sau tai trudc mdt nat ndi.

Tiép theo ta s& xét mot vai vi du v8 viéc st dung dai s6 sa 46 khéi dé xac dinh ham
truyén dat cho mt hé théng tuyén tinh gém nhiéu khéi con.
Vi dy 8: Gia sif c6 mdt hé théng gdm hai khdi con 1a G, va G, véi ciu tric dude md ta nhu
hinh 2.20a). Ta s& 4p dung dai s6 sd d6 khoi dé xac dinh ham truyén dat ctia hé théng.
Trutde hét tach hidu y(#)—u(z) thanh hai phén riéng biét dugce hinh 2.19b). Sau d6é 4p dung
nguyén Iy ghép hai khéi song song cling nhu nguyén 1y ghép hai khéi hdi ti&p thi c6 sd
d4 tuong duong 2.19¢). Cudi ciing sit dung nguyén 1y ghép hai khéi néi tiép 48 di dén s
d5 2.19d). Tir d6 ta doc ra dude ham truyén dat:
=Gy + GGy

G
(3) 1+G2 D
@ b) .
u(t) u(t) y@)
=, — 020 —
8
. t
<) ’ d)

u(®) a1 »® " w® [Gaara] y®
1+62 — _'21.,.(;21)'

Hinh 2,20; Sif dyng dai 58 sd d8 khdi 3& xAc dinh ham truyén cho hé & vi dy 8.

Vidy 9: Cho ha cé 50 dé khéi mé ta § hinh 2.21a).

- Ap dung nguyén 1y ghép hai khdi song song ta c6 s¢ dd tudng duong nhu & hinh
2.21b). Ti€p tuc; sit dung nguyén 1y ghép hai khéi ndi tiép ta-duge s¢ d8 nhu hinh 2.20c)
v cudi cing véi nguyén Iy hai khéi héi tiép ta ¢ so 46 tieng dudng cho ca hé 14 hinh
2.21d). Nhu vay hé ¢ ham truyén dat: :
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Gle + G1G3

G(s) = .
(S) 1+ Gng + GlG3

ay b)

u() ¥

T e

c) dy

u(t) #(8)

X e u(t), G (Gy+Gy) | Y®
- 1+G, (G +Gy)

Hinh 2.21: Minh hoa cho hé dvidu 8.

Vi du 100 Cho mét hé 6 sa dé khéi trong hinh 2.22a).

ay b)

uit)

i

u(t) 1 Gy
- {1+G,Gy 1+G5G,

A 4

Hinh 2.22.Si1 dung dsi s5 ec db khéi a8 biéin
a8i hd cac 80 46 khdi cha vi du 10.

A
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Chuyén nit ndi tin hidu tit trude khéi G ra sau khéi dé ta duge hinh 2.22b). So dé
dé dugc vé lai & hinh 2.22¢) bdng cach dio vj tri hai diém ré nhanh trude va sau khéi G,.
Tiép theo 4p dung nguyén 1y ghép hai khdi héi tiép cho hai vong héi tiép bén trong ta s&
di dén so dd hinh 2.22d) va véi né dé dang doc ra duge ham truyén dat:

G(S) =G 1+G1G2 1+GSG4 - G3G4
4 146Gy - 1 Gy 1+G,Gy + GGy + G3Gy +G1GoG4Gy
’ 1+G1G2 1+G3G4

2.1.4 . $0db tin hidu va cong thic Mason -

Vige biéu di2n mot hé théng 16n théng qua cic hé con cka né nhd so d khéi cho ta
mét cai nhin tritc quan mot cach téng quat vé c&u triic bén trong ctia hé théng, song dé
stt dung né nhim xac dinh ham truyén dat lai cé nhuge diém, nhu nhing vi dy & muc
2.1.3 chi 13, 1a phai bién ddi s¢ dé6 khéi ban dAu vé nhitng dang quen thude. Diéu nay gay
khéng it khé khan trong ing dung cho nguoi sit dung va d6i héi ngudi sit dung phai c6
dugc it nhigu kinh nghiém trong viéc bién ddi so dd khoi.

Nhim khéc phuc nhuge diém trén, ngudsi ta da thay so dé khéi bing so dé tin hiu
véi mue dich phu gitip cho céng viéc xac dinh ham truyén dat ciing nhu phan tich mdt
vai tich chadt dic bidt cia hé théng dugc thuan lgi hon. V& ngudn géc lich sit, sd d6 tin
higu c6 xuét xit tit &y thuyét do thi (graph theory) trudc diy thudng duge ding d€ minh
hoa cac phuong trinh dai s§ tuy&n tinh.

Mot so ¢ tin hiéu dugce ciu tao bi:

- Cdc diém niit (node). Néu so sanh véi so dé khai thi cac diém mit chinh 12 nhitng
dudng tin hiéu, diém ré nhanh va diém néi tin hidu (xem cic vi du 11+14).

- Nhiing duding néi cic diém niit (branch)’ Trong so d6 khéi thi nhitng duong néi
nay c¢é vai trd giong nhu cac khai. M8i dudng néi c6 mot gia tri ding bing ham
truyén dat clia khdi tuong itng. Pudng néi khong c6 khéi duge thé hién trong so 46
tin hidu bing gia tri 1 (xem vi du 14). Cac dudng néi phai cé hudng chi chidu tin
higu. Theo quy uéc, chidu cic dudng néi luén duge chi tix trai sang phai trong so
dé, trix dudmg phan héi (hdi tiép).

Vi c&u tric nhu vay, mot so d6 tin hidu sé cé;

a) Tin hidu ddu vao u(f) 1a diém niit chi c6 dudng néi tit dé di va khéng c6 dudng
n6i din d&n né néu d6 khéng phai la dudng phan héi. Piém it chi tin hidu
vao c6 tén goi la diém nut ngudn (source).

b) Tin hiéu ddura y(¥) la di#m niit chi c6 dudng ndi din dén no, khéng ¢6 duong
néi tit d6 di ndu d6 khéng phai la dudng phan héi. Diém niit chi tin hiéu ra cé
tén goi la diém mit dich (sink). -
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¢) Tuyén thing (forwaerd path) 1a nhilng dudng ndi ién nhau di ti diém nit
ngudn (source), tic 1a di€m ddu vao u(®), tdi di€m dich (sink), tirc 14 didm tin
hidu ra y(t) va chi di qua m3i di€m mit mét 1dn (khéng chia dudng héi ti&p).

d) Cac vong lap (loops) s& duge thé hién bing tap nhitng diém nit c6 cac dudng
ndi v8i nhau tao thanh mét vong kin, '

e) Nhimg vong lip khong dinh nhau (nontouching Zoops) 14 nhiing vong lip
khéng c6 chung mot diém niit nio.

f) Tat ca cac diém nut clia so d6 tin hidu déu 1a di€m céng tin hiéu. Nhing diém
néi tin higu i hiéu eia hai tin hidu trong sc dé kKhéi phai dige thé hién thanh
diém mit céng tin hiéu véi gia tn dudng néi tiong wng la Am (xem cac hinh

minh hoa 2.23+2.20).

Vi du 11: Hé théng gom hai ki né: song song nhu hinh 2.23a) s& ¢6 s0 dd tin hiéu tuong

duang cho trong hinh 2.23b). ‘ O
a) b) :l:Gz
Go
. i N .
Hinh 2.23: So d6 tin hiéu tang duong Gy =
cho hé gém hai khéi song song. u ¥ u b

Vi dy 12: Hé gom mét khéi G| méc ndi tigp véi hai khéi G, va G néi song song nhut hinh

92.24a) s& ¢6 sd & tin hidu tuong dudng cho trong hinh 2. 24b) (m}
a} b)
; G, -
-&—@o
Hinh 2.24: Sd d8 n hiéu tudng '—) <
u y u Y

duang cda vl du 12.

Vi dy 13: H& gdm mét khoi G, mic néi tiép vdi hai khdi G, va G; ndi héi tiép nhu hinh
2.25a) mb ta s6é ¢6 sd d6 tin hiu tudng dudng cho trong hinh 2.25b). ’ m

Hinh 2.25: Sa d3 tin hidu fwong
duong ciia vidy 13,
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Vi du 14: Hé gdm mét khéi G, méc néi tiép vdi khoi G, dang héi tiép nhu hinh 2.25a) s&
¢6 5d do tin hiéu tuong dudng che trong hinh 2.26b) va hinh 2.26¢). (m ]

) b) c)
ug 1 ¥ . J
=3 o—»——v o G, E )
G
2 G,y

Hinh 2.26: Sa 48 tin hidu twong duong cda vi du 14.

Bay gid ta s& di vao néi dung céng thitc Mason dé xac dinh ham truyén dat cho mot
hé théng ti so d6 tin hiéu cta né. V& thyc chat céng thitc Mason ¢6 dang giéng nhu mot
thuat toan gdm nhidu budc tinh. D& tidn theo dbi céc bude thyc hidn céng thirc Mason ta
sé sit dung hé c6 so dé tin higu cho trong hinh 2.27 1am vi du minh hoa.

Hinh 2.27: Minh hoa cho viéc trinh bay cdng thirc Mason,

1) Buode 1: Xac dinh tat ca nhﬁhg tuyén thing Py, c6 thé éc‘) ciia hé théng. D§ 1a nhiing
dudng néi lién nhau khéng chita dudng phan hdi di tir diém nit ngudn u(t) téi di€m
nut dich y(¢) va Py, 1a gia tri clia n6 béing tich clia tét ci cac gia tri cdc dudng nél cb
trong Py. V4i hinh minh hoa 2.27 thi hé s& c6 ba tuy&n théng la: o
© P, = G1GG4G G-

Py = G1G¢G G5
Py= GGGy
2) Budc 2; ch dinh t4t cé cée vong ldp Ly, cb thé c6 cta 1., théng. D6 1a nhitng dubng

néi lién nhau tao thanh mgt vong kin. He véi so d6 tre..g hinh 2.27 c6 b&n vdng lip
bao gém:
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Li=-G,H,.
Ly=-G,G:H,.
L3=-GeG\G:H, .
Ly = - G3G3G,GsH, .
3) Bude 3: Tinh
A=1-3Lp+Y LiL;~ Y ILjLyLy + -+, (2.9)
k iJj l.m.n
trong d6 L;, L; 1a nhitng cap hai vong lap khéng dinh nhaw, Ly, Ly, . L, la nhiing
bé ba vong lp khéng dinh nhau, .... Hé véi so 46 ¢ hinh 2.27 chi ¢6 hai vong lap L,
va L, 1a khong dinh nhau, do dé: |
A =1 (Ly# Lo+ Lg+ L) + L L,
1+G4H1+G2G7H2+GGG4G5H2+G2G3G4G5H2+G4H1G2G7H2 .

4) Bude 4: Xac dinh Ay, tit A biing cich trong cong thitc (2.9) ta bd di td't ca nhﬁﬁg vong

1ap c6 dinh véi Py, (c6 diém chung véi Pg). Vi du nhu véi hé & hinh 2.27 thi:

A=1 (t4t ca vong lap déu dinh t6i P,),
Ay=1 (tit cd vong lap déu dinh t6i Py),

A= 1-Li=1+G,H, (vong lap L, khéng dinh vao Pj).
5) Budc 5. Xac dinh ham truyén dat G(s) theo cong thitc Mason:

G(s) =iZ(PkAk). (2.10)
k

Chéing han ham truyén dat ctia hé ¢6 so @6 tin hiéu cho trong hinh 2.27 la:
G(S) __'(P].Al +P¢)A‘; +P3A3) .

G1G2G3G4Gr + GIGEG4Gr + GlGrJG'?(l + G4H1 )
1+G4H1 +GOG7H2 +G6G4G5Ho +G763G4G5H2 +G4H GOG'-,HO

Vi du 15: Cho hé véi s ¢ khéi mé ta 6 hinh 2.28a). Nhimng tin hidu ma tai cac ¢iém néi
khéng duge chi thi 1a céng (+) hay trit (-) déu duge hidu la cong (+). Hlnh 2.28b) 1a so 46
tin higu tuong duong cua hé.

Hé chi ¢6 mjt tuyén thing va dé la:
P, =G,G,Gy. ,
Hé c6 3 vong lip va chiing déu dinh nhau ting d6i mét (titng d6i mdt c6 doan chung):
L, =G,G;H, .
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L, =- GG H, va

Ly=-GG,Gy.
Suy ra:

A=1- L+ Lot Ly) = 1 — G,GoH | + GoGoHoy + 3,G,G4 .
Do tat ca cac vong lap cing déu dinh vao tuyén thing P, nén

A =1
Vay theo (2.10) thi

PA, GG,

G = = . 0
(S) A l—GlGZHl +G2G3H2 +G1GQGE

b}

Hinh 2.28: S{r dung cdng thic Mason a8 xac dinh . -1
ham truyén dat cho hé trong vi dy 15.

Vi dy 16: Xét mét hé théng gdm hai binh chita cha't 1ong nhu hinh 2.29 mé ta.

Hinh 2.29- Ha thdng gém hai binh thong nhau.

Chit long digc bdm vao binh thit nhat véi luu ludng 13 uw(). Néu chit long trong
binh thit nhat cé d§ cao A, Ap suft p, , hé s6 chuyén déi ap suéit/heu lugng ry , hé s6 ap
sudt/dd cso 7, lvu lugng chay sang binh thit hai la g va As. pg, ry 12 40 cao, 4p sudt, hé s6
chuyén ddi ap sudt/lhuru lugng cta chat 16ng trong binh thir hai thi theo cac dinh luat vat
iy, gifta nhiing thong s6 k¥ thuat d6 c6 quan hé:
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dhy
— ) —
A at uit) —q

1
g=—(p1—-py
n

d
Az—d%=q -y

1
¥({)= —p;
ry

pi=rhy
Pg=rhy

(2.11a)
(2.11b)
(2.11c)
(Ap sudt tai ddu ra dugc xem la bang 0) (2.11d)

(2.11e)
{2.111)

trong dé y(¢) 1 luu hugng chat 16ng chay ra khéi binh thi hai.

Tit nhing hiu bist 1y thuy&t ban ddu dé vé hé thong ta di dén so 46 khéi va so dé

tin hidu mo ta hé théng cho trong hinh 2.30. So 46 nay dugc xay dung trén co s& sao chép
nguyén ban cic dng thic (2.11a)+(2.11f).

»

Q) 50 d8 khéi
u(t) 1 h‘l Do 1 y(t)
— b4 4,} — I-Tp-—-)
- AIS n
b) 5o dé tin higu
1 1 1 1
U Al 4 n Ags 7 rp ¥
i :: f ; zi Hinh 2.30: Sa a6 khdi va sd d6 tin hiu ciia hé

-1 -1 . -1 th8ng trong vi dy 16.

" T s¢ dé tin hidu trén ta thdy hé chi c6 mdt tuyén thing:
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trong dé c6 hai vong lip L, va Ly khéng dinh nhau (khéng c6 doagn ndi chung). Bdi vay:

2 2
A =1~(L+LytLg)+L,Ly = rrol|Ags +J-'(r1A1 +r21:1 +r2A2)5+y '
nroA;Ags”
Vi ca ba vong lap déu dinh vao P, (c6 chung diém véi P,) nén
A=1.
Suy ra

PA ¥ :
Gy =1L = 5 4 - o
A rrg Ay Ags® + y(rlAl +roA +r2A2}s+7

215 Budng dic tinh tdn bién-pha
Xét hé thong tuyén tinh mé ta bdi phuong trinh vi phian

n m
d o =b01“+bl‘_i£+"'+bmd u'
n dt dtm

agy +a1%+---+au (2.12)

Hé d6 sé ¢6 ham truyén dat G(s):

Y(s) _ bg +bys+--+b,s™

Gz =
U(s) ag+as+-+a,s"

Ham dic tinh tdn duge hiéu 1a

G(jo)=G(s)| (2.13)

s=jw "
Ly do cho viéc trong (2.13) ta da vist G(jw) thay vi G(jw) la d€ tranh nhim lin ring
G(jo) chinh 13 anh Fourier ciia ham trong ludng g(t). Anh Fourier G(jo) ciia ham trong
lugng g(t) khong thé thu duge mot cach don thndn bing viéc gin s=j@ vao anh Laplace
G(s) cia né— xem lai mucl.3.4 cia chuong 1. Ciing theo két qua ¢ muc 1.3.4 thi cdn va
di dé ¢

G(iw) = G(jw) =G(s) (2.14)

s=jo
la t&t ca cdc diém cyc clia G{(s) déu phai ndm bén trai truc ao (c6 phin thyc 4m va khac
0), néi cach khac G{s) phaila mét hdam bén (stable).

Nhu vay la ta da dinh nghia xong ham dic tinh tdn. Nhing ham dic tinh tén dai
dién cho tinh chi't gi chia hé thong?. D& tra 13i cdu héi nay, ta xét mjt vi du,
Vi du 17: Cho m{t hé théng c6 ham truyén dat

__2(s+05)

Ges) s+1 .
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Kich thich hé tir trang thai 0 bing tin hiéu diéu hoa
u(t) = sin(wt)

c6 anh Laplace

U= ,,w :
5" +w

thi hé s& c6 dap dug

Yis) =~ PR 2.2

2(s+0,5)' w 1 w _w(1+2w2)_ w3
s+l s+ w 1+w?|s+1 %40 s2ra? |

Suy ra

y@) = ! = [we_t —{1+ 2a.)2)sin(cu t)— wcos(w t)]
l1+w”

vikhit > o thidoe ‘= 0ta durge

\/1+5w2 +404

y(t) = -—-———2——sin(w t+p) voi @ = arctan o (2.15a)
l+w 1+2w”
Mit khac ham dac tinh tdn ctia hé 1a
- ' 202
G(jm):—z(qu+0’5)=—1+ (92 B (oo
. Jo+l 1+w 1+w”
[ 2 PR
=—m‘,—4—w—-e”’ vil @=arctan- © = . {2.15b)
1+w” 1+ 20~
(G

Do d6 n&u so sanh (2.15a) véi (2.15b) ta s& di d&€n duge k&t luin cho trudng hgp ¢t =

¥{t) =’§(ja))lsin(at +¢) voi @ )a géc pha cta G(jw). 0

Téng quat héa két luan cla vi du 17 ta ¢6 dinh 1y 2.5:
Dijnh ly 2.5: N&u kich thich mét hé thénhg c6 ham truyén dat bén G(s) tir trang thai 0, tic
1a tai thai diém kich thich hé cé

= dy(o) =...= d"‘ly(o) =0
dat dtu—l

¥

bang tin hiéu diéu hoa u() = " thi khit > o hé s& c6 dap Wng y(t) duge xac

dinh tir ham dac tinh tAin G(jw) nhu sau

y@) = | GGw) | /@) vaigée pha  @=argGjw) (2.16)
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Trong cong thdc (2.16) ta da sit dung k¥ hiéu argé(jm) dé chi géc pha cla é(jw) ,
tire 1a

arg é(j(o) = arctan M s (2.17)
ReG(jw)
véi Re G(jw) 1a phén thye, Im G(jw) a phén do cha G(jw) . Néi cach khac
G(jw) = Re G(jw) +-Im G(jw) . (2.18)

Cha y: Do trong dinh I 2.5 c6 gia thi€t G(s) la ham bén nén G(jw)= G{j»). Bsi vay
cong thitc (2.16) ciing ¢6 thé viét thanh

Y0 = 1GGw) | 7 TEED,

Duting bidu difn ham G(jw) dudi dang dé thi theo tham & @ khi @ chay tit 0 dén «

trong hé truc toa d¢ c¢6 truc tung Im 5(jm) va truc hoanh Re 5(_1'(0) duge goi 1a dudng
ddc tinh tdn bién—pha.

Vidy 18: Che mét hé théng c6 ham truyén dat

G(S)=—4—.f.
: l+s

Hinh 2.31. Budng dic tinh tan cba vi du 18.

Ham dac tinh tan cha hé 1a
- 4 4 j 4w
=j® 1+ jm 1+w? 1+w?
— —
ReG(jw) ImG(jw)

G(jw) =Gs),

Do cé
[Re G(jw) ~2F + [1m G(je) 1 7= 4
nén khi o chay tit 0 d€n o dd thi cda né s& 1A nira dudng trén ndm dudi truc hodnh (vi
khi d6 ham G(jw) luén c6 phén a0 nhé hon 0) — hinh 2.31.
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Hon nita, vi G(s) con la ham bén, nén vdi duing dic tinh tin cho trong hinh 2.31 d6
ta sé xac dinh duge dap ting y(¢) clia h khbi bi kich thich tit trang thai 0 béi tin higu diéu
hda u{t) = sin(¢). Theo dinh 1y 2.5, ddc biét tir vi du 17, thi dap ing dé la:

t—o0t y(t)=2»/§sin(t—{—). - o (]

Vidu 19: X&t hé vdi ham truyén dat
3
GiE)=——-.
© s(1+ 2s)
Hé e6 ham djc tinh tAn
o 3 6 . 3
Gjo)=G(s)__. =— — = -J
)IS‘J‘” Jo(l+ jo)  1+40° o +40?)
. b_’\‘v—f - "
ReG(jo) ImGw)
va tit d6 ta dugc dudng dic tinh tdn ciia hé cho trong hinh 2.32. Pudng déc tinh tdn nay
cé mét dudng tiém cin la :

ReG =-6. a

Hinh 2.32; Dudng dic tinh tén clia vidy 19,

Vi du 20: Cho hé véi ham truyén dat
b

G(s;)=———2
1+5s+4s”°.

Td G(s) ta ¢6 ham dac tinh tdn G(jw) va d6é ciing 14 anh Fourier G(jw) cia ham

trong lugng g(¢), vi G(s) 1a ham bén (cé hai diém cyc 1a s,= —711- va 5= -1):

N7 _ 5
G(ja) =G(jw) =Gs)y_;, “TrsjoriGa’
5—20@° . 250

= J .
1+170% +160% ~ 1+170% +160*

D6 thi ham G(iw) cho trong hinh 2.33. V4i dd thi dé ta thay khi wg= 0,5 thi
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Re[Gia)l=0  va  |G{ia)|=2.
Nbi cach khac n&u kich thich hé tit trang thai 0 bang tfn hiéu u(t) = sin(0,5¢) thi sau mét
khoang thoi gian da 16n (¢ —x), dap tng ctia hé sé 1a

y(t) = 2sin(0,5¢ -% ). 0

Hinh 2.33: Dudng d3c tinh tn cha vl du 20.

5

Vidy 21: Cho mét hé thong duge mé ta béi ham truyén dat G(s) =—. Hay xac
48(1 +Q.,5s)
dinh diém tdn 6 wy ma tai d6 c6 | G(jwg) | = 1.
Hg ¢6 ham djc tinh tAn
~, . 5
Gljw) = ——".
4jw(1+0,5jw)
Suy ra
~ 5 -
| Glimg) |= | — —— |=1
4jwg(1+0,6jwg) -
PR
< [ jw0(1+j——2—0-) | =1 © wg+8wg+16(ag—25=0
= ay=1. a

Vidy 22: Cho hé véi ham truyén dat
' b
1 2 3
+ @8+ Ag8° +ags” +a,8

Gis) = n

vi G(s) duge gla thist 1a ham bén. Hiy xac dinh tin hidu u(f) sao cho sau mét khoang
thdi gian ¢ di 16n (¢ — ) dap ing y(¢) ciia hé cho trudng hep dude kich thich tit trang
thai O bing tin hiéu dé s& c6 mét géc lach pha véi u(®) 1a ¢ = +90°.
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T G(s) ta ¢6 ham dic tinh tAn é(ja.l) va d6 ciing 13 anh Fourier G(jw) cia ham
trong ludng g(), vi G(s) 1a ham bén:
__bA . B
s=jo A2, g? ! AZ+B?"’
A D A8
ReG(jw) ImG(jw)

G(jw)=G(jmw) = G(s)|

trong d6
- 2 4 — 3
A=l-gyo+ta,e, B=a,0-az0°.

Hinh 2.34 biéu dién dudng dic tinh tin ctia hé.

Hinh 2.34. Sudng dic tinh tin cha vi dy 22,

Theo dinh 1y 2.5 va céng thic (2.16b), néu c6 u(f)= ejm"'t("i ddu vao thi dap fng cia
hé khit - o sé&la

y®) = GG w,) | ej(ms”argG(jws)).
Didu dé n6i ring dé y(¢) c6 méot goc léch pha véi u() 1a @ = ig- ta phai xac dinh diém tdn
8 w, cua u(t)= ¢’ gao cho:

ImG(jo,) _, =

argG(jw)= arctan = ReG(jw,)=0

ReG(jw,) 2’
= —ﬂ—2=0 = 1-a2w2+a4a)4=0
A*+B
92
as a5 —4a
= @, = —2.N2 ™ oo
264

Trén day la nhing vi du vé viéc xdy dung dudng dac tinh tdn bién-pha ti ham
truyén dat clia hé théng. Dat nguge lai vAn dé 1a ta cé bai toan phii tim ham truyén dat
G(s) tit duong dé thi cia ham dic tinh tdn bién-pha é( Jw) . Bai toAn npugc nay ta
thudng gip khi phai thyc hién cong viéc mé hinh héa hé théng tuyén tinh bing phudng
phap thuc nghiém, tic 1a sau khi quan sat/do cdc tin hidu vao/ra cia hé thong ta c6 dude
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dé thi ham G(jw) thi budc tiép theo 13 tir dé thi d6 cia G(jw) phai xac dinh bac m, n
ciing nhu cac hg s8bg, by, ..., b, vi @y, a,, ..., a, cho ham truyén dat

by +bys+--+b,5™

G(s) = (2.19)

ap +ay s+ +apst
N&u ham truyén dat G(s) c6 bac cia da thitc tit.s6 ]2 m nhd hon bac clia da thic
mau s 1a 7 (m<n) thi ngudi ta gol ham truyén dat dé 1a kop thic chdt (strictly proper).
Chia khéa cho viéc gidi bai toan nguge 13 méi lién hé gida dang cha dé thi G(jw)
véi G(s) tai nhing diém tdn s& dic biét ma J day ta quan tim hon ca 12 hai diém tdn s6
®=0 va w=o.
Trudc hét ta xé6t mol lién hé gida chiing khi e=ow. Tht G(5) cho trong cong thite (2.19)
ta ¢

6(]({)) :(J-m)m—n bo(jf())—m.q, bl(j(d)l_m s +bm .

- T (2.20a)
ap(jo) " +a(Jw) "+ +a,

Suy ra:
Pinh Iy 2.6: Néu mot hé théng tuyén tinh c6 ham truyén dat G(s) 1a hgp thic thi ham
G(jw) tai didm tdn 50 w=w sé théa man:

0 néu m<n
a) lim G(je)=1{b,, B

PR néu m=n
an
b) lim argé(jm) = —(n-m) Z + arctan Loy .
@—=w 2 a,

Theo dinh 1§ 2.16, néu 44 thi cha G( Je) két thic tal goe toa do thi ham truyén dat
((s) phai la mdt ham hop thitc chat. Budce tiép theo la ta:tim quan hé cta é(jw) , G(8)
khi @=0 va d& lam diéu nay ta bién d8i G(jw) tit G(s) vdi (2.19) vé dang:

B (L4 T joX1l+ Tyjw) -

() (Jo)" Q+TNjoyl+Tyjw)---

(2.20b)

trong d6 r la hing s6 phu thugc vao gia tri cic tham sé ddu by, by, ..., ag, a,, ... 6 bing
0 hay khéng. Chéng han nha:

a) r<0 nduby=b;=..=b._,=0vagy+0.
b) r>0 nuag=a,=...=a,.;=0vA by#0.

¢) r=0néuag+0vaby#0.
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V4i (2.20b) ta thiy: |
Binh ly 2.7: D6 thi ham dic tinh tdn bién—pha G(jw) va ham truyén dat G(s) dang

(2.20b) tai diém tdn s8 @=0 c6 quan hé:

a) N&u lim G(jw) 1a mét s6 thuc hitu han khéc 0, tic 1a d3 thi cia G(jw) bit

w—0
ddu tir mét diém trén truc thue, thik = lin}) G(jw) va r=0. Ha ¢c6 ham truyén
0—
dat véi r=0 dugc goi la hé c6 khdu khuéch dat.
b) Né&u lim G(jw) =0 thir<0 va lim argG(jw)=|r|- Z . Hé c6 ham truyén dat
w—0 - w—0 2 )
vd1 r<0 dudc goi 1a ké cé khdu vi phdn.
c¢) Né&u lim 5(]'60) = o thir>0 va lin:)argé(jm) = -y % . Hé ¢6 ham truyén dat
a—>

w—0

vit r>0 dudc goi 1a A& ¢6 khdu tich phén.

2.1.6 Dudng dic tinh tdn logarith - D3 thi Bode

Bén canh viéc biéu dién ham dic tinh tdn 6'( Jw) trong mat phing véi hai truc toa
dd Re 6(jm) va Im é(jw) nhu muc 9.1.5 vita trinh bay ngﬂBi ta con cé mét phuong phap
biéu dién khac 1a dé thi dic tinh logarith, hay con goi biéu dé Bode. Pay Ja cach biéu
dién G(jw) thanh hai dé thi riéng biét theo @ cho:

1) bién d¢, hay gié tri logarith cta | G(jw) | 1a
L(w) = 20-1g | G(jw)|, cb don vi 1a Dezibel (dB),

2) va pha, hay gi4 tri gb¢ (@) = arg G(j@) c6 don vi 1a Grad.

'Ca hai 4 thi nay déu c6 truc hoanh 12 @ song khéng duge chia déu theo gia tri cia
@ ma lai theo Ig(w). Ly do cho viéc chia nay la d€ trong mét khodng dién tich vé tiong
d3i nhd, ta vAn c6 dugc dé thi minh hoa ddy dii cho hé thong théng qua G(jw) cho mjt
dai tAn s6 rat 1én.

Mbt 1y do nita lam cho biéu dé Bode duge ngudi ding ua sit dung la véi nhitng hé c6

ham truyén dat dang phiic tap

L+ T, )1 +Tys) - (L+Tpy)

AT 51+ Tys) - (+ Tys) k>0 (2.21a)

Gis) =k

thi véi ham d¥c tinh tdn

A +T, jo)L+ Ty ja)-(1+ Ty joo)

Gljw) =k (L+Thjo)l+Tajw) -1+ T, jo)

(2.21b)
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ta sé cd
1 n
L{w) =20| Ylg+ Ty jo|- 3 gl +Thjc|
k=1 k=1

nén dusng &6 thi L(w) chia hé s& duge xdy dung mét cach don gian bing cach cdngltrit cac
duong

Liw)=201gk + %Lh'(w)— iLk (w), - (2.21¢)
k=1 k=1

trong dé .
Ly (@) =201gh+Ty' jo| vd  Ly(e)=201g[l + T} joo|

12 cac dudng biu d6 Bode (phan module) cia nhitng thanh phin (khaw) don gian
G)'(s) = 14T} 's va  Gp(8) = 14Tys.

Vi du 23: Xay dung biéu d8 Bode cho khdu khuéch doi véi ham truyén dat
Gs) = k.

Khau nay cé ham dic tinh tdn

G(jw)=k.
Do d6 (hinh 2.35)
0 néu k20
L(w)=201g |k va . w) = ) . : 0
g [kl 4 ~180 néu k<O
L{w) ‘ ow)
A . A
T T T T T T T T
EOOLTHIE 1 RPN L R e
H HIE =~ A= T H A S e
; LI T T S T | A O 11 I A R WO
L = = b b ===+ FHHE — - H H = 4+ HH
k20 M LT Lo
HI R R Rt
HHHE- A = - H HH— 4+ HR
E<O MR 4 VLED L DITUHI 1§
HIN L LEp LUl L1
BRI
L. L1 Ly ALl L1 Liitil i lllll|>

1 10 100 @

Hinh 2.35; 8idu d5 Bode clia khau khu&ch dai.

Vi dy 24: Xay dyng biéu d6 Bode cho khdu qudn tink bdc nhdt véi ham truyén dat

1
1+Ts

G(s) =
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Khau nay c6 ham déc tinh tin
1 _ 1 iy Tw
1+Tjw  1+(Tw)? 1+ (Tw)?

5(j(u) =

Nén L(w) =-10-1g( 1+T2m2) va Pw) = —arctanTw .
Dudng dd thj cda L(w) cé hai tiém cAn dng vdi khi o—0 va khi @—o:

0 khi w-0

-20(lgew+1gT) khi oo (2.22)

L(w) ={
va hai dudng tiém can hay cit nhau tai diém tdn sé we= % dudc goi la tdn 56 gdy va d
do co
L{wg) =-10-1g(2) = -3dB.
Ti1 ¢2.22) ta thay duang tiém can thd hai ing vdi trudng hop w—e la dudng thing
c6 d6 doc:
-20 dB/dec,

trong d6 1 dec la 46 dai khodng [@,10w] trén truc tung (@ la tay ¥). Hinh 2.36 bidu dién
biéu dd Bode clia khau quan tinh bac nhat.

. L@ o)
T THIE o }:IIHJI | : H”'", | I HII:” H R
L K — _ _

0 |1, 1=100 ;) T=10 | T=0,0 )y O™ T IR
™1 ; 1 ImBEALL P it N — TN it -
-3dB | L hC T=100 e T=10 N T=0,1 -1
v

e =t = H =i -

it -4
i 5IIIII!II |

[ 1l

PR e 20dB 11 MTT T ™m T NI TF
SR P R R T 44 WHH A e DS TTET) L

CULLHM 1 LR L LEE 11111 W el |

R A I T A I 1N L =80 fitr T T i A M T

I EEETI] L1 iali (IR I Lt > i

i 1dec ! 1 10 o 0,1 1 " 10 o

Hinh 2.36: Biéu dd Bode cia khau quan tinh béc nhalt cho trong vi du 24,

Vi du 25: Xay dung biéu dé Bode cho kXhau khuéch dai-vi phén cé ham truyén dat
G(s) = 1+Ts.
Khiu nay ¢6 ham dac tinh tin:
é(jw)= 1+Tjw.
Suy ra
L{w) =10-1g(1+ T wz) va w) = arctanTw .
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Ciing tuong tu nhu d khau quan tinh bac nhat, dltdng d6 thi L{w) c6 hai tiém can
ing vdi khi @0 va khi oo la:

Lw) = 0 khi w-0
20(lgw+1gT) khi w—o’

Chung cét nhau tai diém tdn & ws= % dudc goi 14 tdn 56 gdy. Dudng tidm can thit hai

ing voi tridng hdp @ — « la dudng thing cb 46 déc:
20 dB/dec.
Hinh 2.37 biéu dién biéu 46 Bode clia khiu da cho. m}

| 1 UH’”
I
S0 T

a5

01 TEHIRE— - AR T
I ENIFIT (IR Lo L LI »
01 1 10 @
Hinh 2.37: Biu d8 Bode cda khau cho trong vi du 25.
e q - 1 A s
Vidu 26: Cho khdu tich phdn vol ham truyén dat G(s) = T Khau nay cé
I8 )
= 1 J
G{jw)= =- .
Je) Trjew Trw
. 1 . . 4
Nén L(w) =-20-(ge-lg——) va Plo)=——.
Ty ‘ 2
W L T )]
\'ﬂ\
n
0 it e s b fd - -l _90
o w

Hinh 2.38: Bidu d6 Bode cia khau tich phan cho trong vi du 26.
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Hinh 2.38 la biéu d6 Bode cfia khau tich phan. Dudng a8 thi L(w) 12 dusng thing
véi db déc —~20dBrdec. N6 s& cit truc hoanh (1a truc ma tai d6 L(w) ¢6 gia tri 0) tai diém

tdn s6 we= 77" va didm tan s nay duge goi 14 tdn sécdt. 0

Vi du 27: Cho khéu vi phén c6 ham truyén dat G(s) = Tps. Khau nay ¢
é(jw) =Tpje.

= Lo =20(go—lg—) va goy=2%.
TD 2 -

Véi phuong trinh ctia L{w) va @(@) nhu vay ta cé bidu dé Bode ena khiu vi phan
whit hinh 2.39 mé ta. D3 thi L(w) 1a mét dudng thing c6 dé déc 20dB/dec va tai di€m tén

80 wg=Tp' cb gia tri 0. Diém tan s6 nay dude goi 1a tdn sé’cdt. 0
L{a) @)
¥ 9 r 3
20dB
O =T AT T 90
A
‘A’
Tﬁl w (1)

Hinh 2.39: Biéu do Bode cdia khau vi phan cho trong vi dy 27.

Vi du 28: Cho mét khiu ¢6 ham truyén dat

G(s) = !

= véi 0<D<1.
1+2DTs+T"s

Né&u kich thich khau nay bing tin higu 1{) d ddu vao thi theo vi du 21 § chuong 1,
dap tng diu ra sé 1a ham A(t) ¢c6 dang dao ddng. Dao dong dé sé tit ddn khi T>0 (hinh
1.7) hoiic nguge lai khéng tit néu T<0. Bdi vay khau nay cdn c6 tén 1a bhdu dao ding
bac hai. N6 cé ham déic tinh tdn
1

5(jm)= - T
142DTjw-T w

Suy ra
_2DTw_

2 9 °

Liw)y=-101g[ (1- T2 0% )2 +4D* T2 6" ] va @(w) = —arctan T
1-Tw~

D4 thi L(w) sé c6 hai dudng tiém can @ng véi hai truong hop khac nhau la khi e+—0
vi khi @—» nhu sau '
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t—0: L{w) =
t—0: L{w)=-40-(lgew —lg%) vidi 46 dée 1a —40dB/dec.

Hai dudng tiém cin nay cit nhau tai diém tdn sé giy eg= Hinh 2.40 la dé thi Bode

5“_
cia khiu dao déng bac hai tit dan. )
L{w)
F 3
ATT1TR T TTTTH]
IR T R {D"O UL Ll ol
ST PR R
R IR - j
. T 2= T Y T
RN Ry i LI ~90
= - —i—i+ D= i i
T T o TR 0B T
— T T T T T AT T
I T 2 O G S A K T { LI
NN Ith  -180
1 ||J||11! I AR I Easii 1 {11 3>
[ dEC 1 1 10 w

Hinh 2.40: Biéu d5 Bode clia khau dac d8ng bac hai tit dan cho trong vi du 28.

Cac vi du trén véi bidu dé Bode L(®), @(w) ciia nhitng khau cd ban sé dugc sit dung
dé thiét k& bidu ¢ Bode cho mét khau tuyén tinh ba't ky cé ham truyén dat dang (2.21):

A+ T, jo)(1 + Ty ja) - (L + Ty j0)
L+ Ty j)A + Ty jw) - (L + T, jw)

GUmy=k (2.23)

bing cach céng/trit cac dudng L{m), (o) cd ban do. ,

Théng thuong, dé don gian cho viéc cong/trir 46 thi nay ngudi ta xdp xi L{w) bing
phiing dudng thing tiém can ctia né, titc 1a L(w) sé ¢é6 dang x4p xi nhut mdt dudng gay
khiie (polycon). Sau ndy, nhu chiing ta s& th&y & cac chuong tiép theo, viée xap xi dé hau
nhu khéng anh hitdng tdi ing dulig etia bidu dé Bode trong qua trinh xét tinh dong hoc

oo ban clia hé thong. Hinh 2.41 minh hea viéc xAp x1 L{(w) thanh dudng gay khic théng
qua cac dudng tiém c4n cta né. '

2 L@

Dao dang bac hai

Quén tinh bac nhat

Hinh 2.41: Xap xi biéu dé Bode bang Xem vi du 25
duiing gay khuc. -

16n 56 géy



Vi du 29: Cho hé ¢6 ham truyén dat
Gy o110 _jp 1 1

(s+1(s+11) l+s 1+Ilf

Goi L(2) 12 phin d8 thi bién d6 biéu 45 Bode ciia hé. Vay thi
L(@) = Ly(w) + Ly(w) + La(w),
trong dé:

s

a) L(w)la phén dé thi bién d6 bidu 6 Bode ctia khau khuéch dai (xem vi du 23)
véi ham truyén dat G,(s) = 10.

b) Lo(w)la phén d6 thi bién 46 biéu dé Bode ctia khau quan tinh bac nhit (xem vi

du 24) véi ham truyén dat Gy(s) =1L. NG 06 thn 85 ghy @, = 1.
+ 39

¢) Lo(w)la phin dé thi bién dé biéu dd.Bode cha khan quan tinh bac nhat ¢é ham

truyén dat G(s) = . T4n s8 ghy ena Ly(w) 12 @y = 11.

l1+-—s
11

Cong cécpduang x&p xi dang gdy khiic elia L, (@), Ly(a), Ls(w) lai v8i nhau ta c6 duge
dudng gin diing cia L(w). Pudng nay ciing c6 dang gy khiic gdbm ba phén:
- Phién itng véi @ < w, ¢6 45 nghiéng bang 0 vi gia trj 1 20dB.
—  Phén ting véi w, <o < ax cd dé nghiéng bing ~20dB/dec.

- Phdn itng véi ay <e c6 46 nghiéng bang -40dB/dec. a
" L{w)
| W || Ly
™ 2048
——— Lg(ﬂ))
w
@ -l a):-;. \ ...... Ls(ﬂ))
208>~ e — L(w)
™ b . I’ I I'i' ..Lg(w)
Lalaw) —40d B "
111

B "-
i T

Hinh 2.42: Pudng d6 thi L(w) gan dung cla hé cho trong vi du 29.
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2.1.7 Quan hé giita phén thyc va 4o ctia ham dic tinh tdn-Toan tir Hilbert
Tai cac muc 2.1.5 va 2.1.6 ta dd 1am quen vdi ham dac tinh tin
G(jw)=Re G(jw) +j-Im G(jw)
ciia mét hé thong tuyén tinh, ciing nhu nhing phuong phap bidu difn tryc quan é( Ja)
dudi dang d6 thi. Tiép theo, 8 myc nay ta s& nghién citu mai quan hé giita phin thue
T(w) = Re G(jo) (2.24a)
va phén do
A(@) = Im G(jo)  (2.24b)
ctia G(jow) cho mét hé tuyén tinh. Vic nghién- citu d6 1A cdn thiét, vi khong phéi cit 1Ay
hai ham thuyc T(@), A(w) bat ky nio 46 theo bién @ rdi ghép chiing lai vdi nhau
| T +jA@
cling sé c6 duge ham dic tinh tin clia mét hé tuyén tinh.
Ta xét mot hé thong tuyén tinh causal, tham s hing, ¢6 ham truyén dat G(s) dang
thuc~hitu ty, hgp thitc va bén. Néi cach khac
Y(s) _ by +by5+--+b,s"

Gls) = '
U(s)  apg+ays+---+a,s"

c6é msn, cac hg 88 by, b, , ..., ap, &1, -.. la nhitng 56 thuc va nghidm cha da thiic miu sd
(diém cue) déu nim bén trai truc ao.

Do G(s) c6 hé s6 12 sb thyc nén né sé ¢b gia tri thuc néu s la s thuc. Do dé

G jw) =Gl(-jw) . : ' (2.26)

Diéu nay ta c6 thé thay tit 48 thi duong dac tinh tin bién—pha khi @ khéng phai chi di tit
0 dén = ma tit —o dén © la noé s& cé dang ddi xing qua tryc thue (hinh 2.43).

Hinh 2.43; Huéing dic tinh t4n bién pha ciia hé tuyén
tinh tham &6 héng vdi @ di tif - d8n o néim d5i
ximg que truc thyc,
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Pinh ty 2.8: Néu hé thang c6 ham truyén dat G(s) dang thite~hitu t¥ thi phén thuc T(w)
ctia ham diic tinh tdn bién-pha é(jru) chia né 1a mét ham chin va phén do A(w) 1a

mdt ham lé.
Ching minh: Diéu khdng dinh trén duge suy ra tir tinh chat (2.25) va hai céng thite hién
nhién ding:
1|, . =, .
T(@) =1 [G(jw) + G- j) |

Aw) =—21—J;[C~}(jm)—é(—j(o) | a

D€ cu thé hda viée xac dinh mdi quan hé gifla T(») va A(w) ta xét hai bai toan sau:

Bdi fodn thi nhét

Gia st ring bay gid ta c6 bii toan la da biét T(w) va phai tim ham truyén dat G(s)
dang thuc-hitu ty, hgp thidc va bén clia mot hé tuyén tinh sao cho ham dic tinh tdn
bién-pha G(jw) ctia nd cé phan thuc 1a T(w).

Trudc tién ti dinh ly 2.8 va néu goi

1
Ce) = 51G6) + G(-s)]

sé dugc

Cliw) = T(e) = C(s)=T(%). . (2.26)

Mait kbac, vi G(s) 12 ham bén nén tat ci cac diém cyc s,, 85, ... cia G(s) phai ndm bén
trai truc do. Suy ra cac diém cuc ciia C(s)-phén bd ddi xitng qua truc ao. N&u c6 thém gia
thiét ring tit ca cic difm cyc ciia G(s) déu 1a nghiém don cla

ag+a,s +ags” + - +ans"= o

thi G(s) phén tich dude thanh (muc 1.3.2 caa chudng 1):

- - _Ap . -
G(s)y=Ap+ 3. vii A, =ResG{s).
k=15~ 5k 5k
Béi vay C(s) c6 dang:
1 & A no-A
Cie)==| Ag+ +Ag+ 2.27
®) 2{ 0 Els—sk‘ 4o ,§13+sk ¢ )

Dé tinh cac hé s8' A; cha (2.27) ta ¢ thé si dung phuong phap residuence da gidi

thiéu d chuong 1. Song trong trudng hgp s; 1a nghiém don cia da thiec mau sd, né sé duge
xic dinh mdt cach don gidn vdi hai bude tinh nhu sau:
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— Nhain ca hai v& ctia clia (2.27) véi 2(s — si)

n -A
2(s — 5;)C(s) = 2Ap(s-5)+(s— 9,)2 +(s-35) Y k|
Sk k=1 9+Sk
- Cho s — s; dudc
A;= lim 2(s—s;)C(s) . ’2.28)A

S—PSI‘
Téng két lai; vide ta c6 thuat toan tim 15i giai cho bai toan thir nhat:
1) Néu T(w) khong phai la him chin thi k&t luan ngay 12 bii toan khéng cb ldi giai.
2) Xac dinh C(s) tit T(w) theo (2.286). ‘

3) Tim cac diém cuc cha C(s). N&u cac diém cuc khéng phan b 461 xiung qua truc ao
thi két lufn rang khéng c6 ham truyén dat G(s) théa min yéu cAu ciia bai toan.

4) Tinh cac hing s5 A; theo (2.28), trong dé s; 14 nhitng diém cyc ném bén trai truc do.

5) Dapsd: Gis)= A0+Z
‘ po15— sk

Vi du 30: Hiay tim ham truyén dat G(s) dang thuc-hitu ty, hgp thitc va bén cia mot ha
tuyén tinh dé ham dac tinh tdn clia 16 cé phéin thite 1a

9
2+ +w?

4

T(w) =
l+w
Theo (2.26) ta ¢6

CE =T (=218 oy, 108
J l+s 1+s

Ham C(s) ¢6 bdn diém cyc nim d&i xing qua truc a0 nén bai toan c6 16i giai. Véi hai
didm cyc ndm bén trai truc do

A : jo
=e 4 =__(._]_+j)' A
Cbr 31’0 Qs
_ JT_ 1 . / b
8a=¢ —_‘_'“("1—.]) H \l g
NP : —
. \ i
ta co \ /
2 @] Os
SN Osy
A= lim 2(s - 8)C(8) =L = L | L

Hinh 2.44: Minh hoa cho vi du 30,

1
88y 2313; _JE
: 1-s5 1
A, = lim 2(8-sy )C(s) = S o=
2 2 2 7

8—+Bo
2
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Suy ra

1 1
Gs)=1+ V2 + V2 =32+2J2-S+2 ]
AT B 2 J2- . '
et i s +42s+1
s—e 4 s-¢ 4 ’

Bal toéin thir hai

Bai toan thit hai phat biéu nhit sau: "Cho truée A(w). Hiv:tim ham truyén dat G(s)
dang thyc—hdu ty, hop thic va bén cda mét hé tuyén tinh sag cho ham dic tinh tin

bién-pha G(jw) cia 16 ¢6 phin 4o 1a A(a)".

Tuong td nhu & bai toan thd nhat, néu goi
DE = 5 [66) - Ge-s)]
thi theo dinh Iy 2.8 §8 6
A = —;D(ja)) = D) =jA (% ). : (2.29)

Gi4 thist thém rang G(s) chi ¢6 cic diém cyc don. Vay khi phén tich G(s) thanh:

» B
G(S)_—'Bo"'sz k s
k=15"%k

ham D(s) sé c¢6 dang:

n B R _R
D(s)=l sy E_ 43 k
2| pI15-Sk poStSg

Tuong ty nhu & bai toan thit nhat, cac hé sé B; cing ditge xde dinh mét cach don
gidn nhd cong thic

B;= lim (s—5;)22(

s>5; s

(2.30)

va ta ¢6 cac budc giai bai toan tha hai nhu sau:

1) Néu A{@) khéug phai la ham 1@ thi két luan ngay 1a bai toan khéng c6 101 giai.

D(s)
s

2)  Xac dinh D(s) tit A(w) theo (2.29). Néu cic diém cuc cia khéng ndm dai xitng
qua truc ao thi bai todn khéng cé lai giai.
3) Tinh B; theo (2.30), trong dé s; 12 nhitng diém cyc ca D(s) niim bén trai truc ao.

, v0i By 1a mot 6 thuc tay §.

By,

Sk

n
4) Dapsd: G(s)=By+s .
k=15
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Vi dy 31: Hay tim ham truyén dat G(s) dang thyc-hitu ty, hdp thic va bén cia mét he
tuyén tinh dé ham dic tinh tdn cia né o6 phin ao la

- ‘\/5(03

T

Alw) =
1+w

Ham A(e) la ham 1&. Vdi-(2.29) c6

V2s®

D(s)= T

1+s

Giéng nhu vi du 30, 6 diy ham ciing ¢6 bén diém cyc ndm déi xing qua truc

D(s)
s
Ao nén bai todn cé 16i giai. Tit hai diém cyc ndm bén trai truc 3o

1 1

31=J-2-(-1+J'). 32:‘/5(—1—}')
ta co
meld, gt
27 2j
Suy ra
el
G(S)=Bo+ sBl + SBg =BO+ . 8 i
§-8 8-—59 s"+\/§_8+1
trong dé By la mot sé thyc tuy ¥. )
Todn 1 Hilbert

Ldi gidi caa hai bai toan trén da it nhiéu st dung tdi méi quan hé giita phan thyc
T(w) va a0 A(w) cia ham dic tinh tan G(jw) . Sau day ta s& lam quen vdi cong thic tdng
quat mé ta méi quan hé do cho 1ép hé théng tuyén tinh c6 ham truyén dat G(s) dang
thuc—hitu ty, bén va hgp thie thuéng van dude goi la toan tit Hilbert.

Binh ly 2.9 (Toan tir Hibert): Xét ham truyén dat G{s) dang thyc—hitu ty, bén va hgp thic
clia mdt hé tuyén tinh. Giita phau thyc T(w) va phén 30 A(w) cha ham dic tinh tén

G(s)]s:jm =G(jw) = T(@)*+jA (@) c6 méi quan hé:
8) T@ =T+~ [ 2Dg, 2.31a)
T wo-q
b A= [ g, (2.31b)
r  w@=1

Ching minh: Trude hét ta thiy do c6 gia thidt 14 G(s) hgp thitc nén theo dinh 1y 2.6:
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0 ndu m<n
lim G(jw)=1b '

w—ow M pwEu om=n

a’n
Diéu nay néi ring

0 néu m<n
o) = lim T{w) = hm G(s)= . . (2.32)

@ —n . pnéu m=n
n

Budc ti€p theo ta tinh tich phin

s Jja
trong d6 C 1a dudng 14y tich phan kin thee chiéu kim déng
hé gém ba dudong con:

- DPuong C, la nitla utgng tron niam bén phai truc do cb

tdm la gée toa 49 va ban kinh ry—wx.

- Dudng thu hai C, ciing 1a nlta dudng tron nim bén
phai truc 3o cé tim 1a diém 0+ja va ban kinh ry—>0 Hinh 2.45: Minh hoa cho phén
. chifng minh dinh Iy 2.9,
thinh 2.45). i
- Dudng thit ba C3 13 phén truc Ao trir doan nim trong dudng tron Cy véi ry—0.

Vi G{(s) 1a ham bén nén né a4 ham gidi tich trong mién kin bao bdi duang 18y tich
pban (phan nia mat phéng bén phai truc 40). Bdi vay

Q=0
Mat khac
@ = lim I G(s) ——ds + lim f G(s) ——ds + lim Iﬁg‘?—)—ds
q—imc 8- _] n)—»() S Ja "_)‘—*Ocas-_]a
¢ Q2 @
trong dé
&= lim [ F g5 = tim G(o) lim j —ds = TE)(jm).
rl—noc &~ Ji i'l-N‘J
Q= lim |- gs-
r -0 C‘)S _] s ja oA
G(s) G(de)

Q3=é1T0(5|'Ss_jads- j'

@ —~-a
—on

Suy ra



0= Q=T =in+Gia)Gn + | 0

T(w)+ JA(w) dow

= - jaT(e) + jalT@rjA@] + [ =228

—aoC
Can bing phin thyc, 4o cia hai vé& réi vidt @ thay cho a cting nhut # thay cho w ta sé
nhan duge diéu phai chitng minh;

T(@) = T(w) + 1 I Mdu

T w—q

va  Alw)=- % [ %’—r)i-dn. ]

Chi y: Ta ¢ thé sit dung céng thic (2.32) &€ xac dinh gia tri T{(w) trong (2.31a). Hon
nita néu dé v ring T(w) 12 ham chin va A(w) 13 ham lé (dinh Iy 2.8) thi hai céng thitc
(2.31a) va (2.31b) clia toan ti Hilbert con cé dang:

T(a) = T(w) + = j 1A gy (2.330)
ﬂ' - 77 .
Ala) =22 j %dn : (2.33b)
T pw -1

2.2 Nhimg khau SISO lién tuc cd ban

Nhut da néi tai muc 2.1.6 1a viéc xay dung biéu dé Bode cho hé tuyén tinh SISO cé
hiam truyén dat G(s) dang (2.21a), tic la
1+7)'s)Q+Ty's)---(1+T,'s)
{1+ Tys)(1+Tys)-- (1 +T,s)

Gs)=k

s& don gidn hon nhidu néu nh ta xay dung biéu dé Bode cia cac khau thanh phén trong
né. Cac khau dé duge goi la khdu co bdn. Chiing bao gdm:

1) Khiu quan tinh béac nhat hay con goi khiau PT,: G(s) = 1 kT .
+Ts
2) Khau quan tinh- tich phan bac nhit, hay IT,: G(s) = ——k—-
s(1+ Ts)
3) Khiu quan tinh- tich phén bac », hay IT,: G(s) = kR )
s(1+Ts)"
: . . k
4) Kha in tinh bac hai, h 5 khau PT,: = .. T,#T,.
) du quan tinh bic hai, bay con goi khau PTy:  G(s) ArTo0) 0+ T55) 1 # 1y

101



5) Khau quan tinh bac n, hay con goi la khau PT: G(s) = k

1+ Ts)* -
6) Khau Lead/Lag: G(s)=——1t5
P 1+Tp,s
7) Khau dao dong bac hai: G(s) = —u-—k—~———~ 0<D<1.

1+2DTs+T32s?’

Trong phan nay chiing ta sé nghién citu chi tiét v& cic khau co ban trén ciing nhu
mét s8 cac khau dac bidt khac nhu khdu tré, khiu pha cue tiéu, ... trén co sd ham qua do
h{t) va 58 nghién ciiu mdi lién hé gilta A(®) va ham truyén dat G(s) cia né.

2.21 Khau quén tinh bac nhat PT,

Ti ham truyén dat

h(t)
k A
Gis) = Fy
) T Ts Y. o .
caa khiu quén tinh bac nhét ta sé thu 4 ea0p] /[ : '
duge ham qua dé A(?) bang cach chuyén
nguge anh Lapalce cua né H(s) ~ G a ¢
s : N
sang mién théi gian: T

-t Hinh 2.46; Ham qué dé ciia khau quén tinh bac nhét,
hty=k1-eT) 10).
Hinh 2.46 13 dé thi biéu dié&n A(). Neu ké tiép tayén voi h(t) tai dlem 0 va goi géc
cla dudng tiép tuyén dé la a thi

dh(+0)
= = — . 2'
tana o T (2.34a)
Ngoal ra, khi t—co thi (hinh 2.48)
-t
lim A(t)= hm kl-eT )=t (2.34b)

o=

Bdi vay ta c6 thé xic dinh tham s8 T cho ham truyén dat G(s) cia khau quan tinh bac
nhat tir 46 thi ham qua dé A(f) ctia né nhu saw:
a) Keé dudng tiép tuyén véi k() tai t=0.
b) Hoanh do cia diém A trén dudng tiép tuyén ma tai dé né cé tung d6 bang k sé
chinh la tham s6 7" cdn tim.
Biéu dé Bode ciia khau quan tinh bac nhit di cho trong vi du 24. Dé thi L(w) clia né

¢ tdn 56 gy wg = % . Dudng tan bién—pha cia khiu PT, cé dang nhu 6 hinh 2.31.
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Chu ¥ ring két qua hai céng thitc (2.34a) va (2.34b) ciing cé thé duwge tinh truc tiép
tir ham truyén dat G(s) véi sy trg givip cda tinh chit 7), 9) va 10) cha todn tit Laplace da
dugc trinh bay d muc 1.3.1, chuongl, nhu sau:
dh(+0)

dt

tana =

. ) ks k
=1 sH(sY - h(+0)|=1 G(s)= li —_
lim sfsH ()~ h(+0)]= lim sG(s) = lim - =

. . £
8 lim A(t)= lim sH l G(sy=1i =k
W fm o= liget )= limGo) = i

Ngoai ra, tai thdi diém 7 cén c6:
R(T) = k(1-¢ ') = 0,632%
nén trong nhiéu trudng hop, dé tim T ngudi ta 4a tim diém trén A{¢) ma tai d46.né cé gia
trj khoang biug 0,632 gia tri cuec dai cua né (hinh 2.486).
2.2.2 Khau quan tinh - tich phan bac nhat IT,

Tir ham truyén dat cia khau IT, ta c6

Vay ham qua d¢ A(¢) 1a (hinh 2.47a)
-t

he)=k[t-T1-eT)).

a) b)
,\L(w) MD(GJ)
201g | k|
a: IL(w)Iu_I_IJrH L -|r1|-lrlr:1':‘l
- =i i
IR =20dB oy g
— —+ + 1
Phriiie 1ornenfirSs e e
O T T
L L)) — L LU 10dB
RN L TIIIENG V1
| i NG i TN
t o Ty I 1 IR gg0
> Li g PN I L1 18
(l)(;:T-l @

Hinh 2.47; Ham qua d va biu dé Bode cla khau 1T,
a) Hamqua dd.
b) Bifu déBode
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-1

Khi t—ew thido limeT =0 nén dé thi dudng A(¢) sé tién tdi dudng tiém can

tow

Ryelt) = k (¢-T).

Dudng tiém can nay cit tryc hoanh tai diém ¢=7T ciing nhu ¢6 géc nghiéng a thda min

tana = k.

Bdi vay néu c6 bai todn ddt ra la phai xac dinh tham s6 k, T cho ham truyén dat
G(s) tit d6 thj dudng A() ta c6 thé lam nhu sau:

a) Ké duong tiém can A, (2) véi A{t) tai t=c.

b) Xac dinh T la giao diém caa Ak,.(¢) véi truc hoanh.

¢) Xacdinh goc nghiéng a caa A, () véi truc hoanh réi tinh & = tana.

Duéng dic tinh tdn bién-pha cia khiu IT; c¢6 dang nhit & hinh 2.32 cta vi dy 19.

Hinh 2.47b) la d6 thi Bode caa khau IT,.

223
Tit ham truyén dat cua khau IT,

Gis) =—F
s(1+Ts)"
ta c6 anh Laplace ham qua &9 A{t)

_G{s) k

1 _nT ¢ (n+1-i)T?

=o L i
s2 8 31 1+Te)

Suy ra (hinh 2.48):

-t

ht)= k-|t-nT+ 3 —

-1 TV Ea-1y
il

Khiz—sn ¢6 lim t'eT =0 véi i =0,1,

tom

hylt) = k(¢t-nT).

L (n+l—i)ti_]eT

Khau quan tinh - tich phan bac n (IT,,)

Hinh 2.48: HaAm qua 38 cla khau IT,.

..., n . Boi vay Ah{t) c6 duong tidm can:

Giéng nhu ¢ khau IT,, dudng tiém cén nay ciing cé géec nghiéng « théa man
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tana = k.

Nhung khac véi khau IT;, dudng tiém can A, (f) cia khau IT cdt tryc hoanh tai
diém ¢=nT. Do dé néu n la bist trudc thi hai tham s8 & va T con lai ciia ham truyén dat
G(s) s& dugc xac dinh tir dudng dé thi A(t) qua cac bude sau:

a) Dung dusng tiém can A, () véi A(t).
b) Xac dinh géc nghigng a cia h,; () vi tinh k = tana .

¢) Xac dinh giao diém T, clia hy(#) véi truc hoanh va tinh T'= Tie .
n

Cho trudng hgp n khéng biét trudc thi ta c6 thé xac dinh bac n tit d thj ham qua do
() ma cu thé 14 tiX giao diém T}, va gia tri ky = A(T),) ella né tqi diém 46 (hinh 2.48).
Chi ti€t thém vé thuit toan tim n doc gid 5& tim thiy trong tai ligu [11] cing cha tac gia.

224 Khauquantinh.bic2PT,

Khau guan tinh béc 2 duge dinh nghia la khau cd ban ¢6 ham truyén dat

k

Gls) =
(1+Ty8)(1+ Tys)

Tl #'Tg .

Tit ham truyén dat dé ta cé anh Laplace ca ham qua dé:

G(s) k 1 T 1 T, 1
H = - =k.|=— . .
O = TN T+ o) s §,-T, ,, 1 T,-T, __ 1
1 Ty
Suy ra
R
.
hit)y=k I_Zl_‘i__ﬂ_ 1(@®)

I -T,

DS thi ciia A} cho trong hinh 2.49. So
sanh véi A(f) cha khiu quan tinh bac nhidt PT,
thi d8 thi A(f) cha khau PT; ¢6 di8m khac la tai
t=0 né cé dao ham ciing bing 0. Biéu nay la
pht hgp véi néi dung dinh 1y 2.3 vi bac n clia
da thire m&u s6 cia khau PT, bang 2 c¢én biac m Hinh 2.49: DS thi ham qua dd khau PT,.
cia da thaie tir s6 bang 0, tic la n-m=2 >1.

Khi -0 thi A() tién tdi &, tic 1a lim A{¢) = k. Difu nay ta c6 thé suy ra ngay tit

t—x
ham truyén dat, vi
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lim A{(¢) =lim sH{(s)= lim G(s)
Ly 50 §—0

k
=lim —m———————=
s—?ll] L+ Tis)(1 + Tys)
Nhu vay khi t—o thi k() ciing ¢6 dao ham biing 0. Do tai t=0 vA t—w d3 thi A()
cing c6 dao ham O nén né phai c6 mét diém usn. Ky hiéu U la diém uén, ta ké dudng

tigp tuydn A,(¢) cha Aft) tai U. Goi a 1a hoanh d¢ giao diém cta h,,(¢) voi tryc thoi gian
(hinh 2.49) va 6 1a khodng thoi gian dé dudng tiép tuyén dé di duge tir O téi k thi [11];

xX
1o 2_ T:

a_ ix xlnx+x 1‘1 véi =L
b x-1 Tl

Tit day ta suy ra duge

X

X 2
a2 . sup | x1-% _":]i{.tf__l_l ~ 0,108,
" x-1

o

B4t ding thirc trén la difu kién dé tit dudng dé thi A(¢) xac dinh dude dé ¢6 phai la
44 thi ham qué dd cia khau quan tinh bac 2 hay khong?. Thuat toan xac dinh tham s&
ham truyén dat khau PT, tir dutgng qua dé 2(¢) ca né c6 thé tim thay trong tai lidu [11).

225 Khau quan tinh bac n PT,

Khau quin tinh bac n PT, ¢6 ham truyén dat

Gy =—F
(1+Ts)*
a) b)
2 Lo o w)
g (T NIRRT
At : ¥ Hi— :
k‘t__(_) ____________________ L
=
| )
i a o L U e N g _ BT
gf | 30108 it i 1
: IR
: - CUTI | e
/. L » PO g
e, wg=T"" @

Hinh 2.50: Ham qué 4 va biéu d8 Bode clia khau PT,.
a)Hamqua do b) Biéu dé Boda
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Nhu vy thi ham qua dé k() cua khau PT, ¢6 anh Laplace
Gls) .k
s s(1+Ts)"

His) =

va theo k&t qua clia vi du 19, chudng 1, k(¢) s& c6 phudng trinh

noA] ) k
= T " .=
ht)= |k—e E -1 1) v A P

Hinh 2.50a) la 45 thj biéu din ham qua d¢ cia khau PT,. Thoat méi nhin, dang dé
thi k() ciia khau PT,, ciing gidng nhu chia khau PT,, song & day c6 mot sy khac biét 12 ty
s0 % clia PT,, phai la mjt s 16n hon 0,103 trong khi & PT, l1a diéu ngugc lai %S 0,103,
v6i a 1a hoanh d6 giao diém clia tip tuyén clia A(f) tai diém uén va truc thai gian ¢, b 1a
khoang th&i gian dé€ dudng ti€p tuyén d6 di duge tit 0 téi k& (xem thém tai lidu [11]). D6
ciing la diéu kién d€ nhan biét duge tit dang dudng da thi cia k@) xem né la ham qui dé
clia khau PT hay cia PT,.

D3 thi Bode ctia khau PT,, dugc mé ta 4 hinh 2.50b). N6 c6 diém tdn s6 gy wg = —

Trude tdn 56 ghy @y . L(w) ¢6 dang song song véi tryc hoanh (ng véi thanh phan khuéch
dai k. Sau tdn s6 @wg thi L(e) gidm v& 0 véi van toc kha nhanh la -20ndB/dec. Diéu d6 chi
ring khau PT, s8 hiu nhu khéng c6 phan {ing gi véi nhiing tin hid¢u ddu vao u(f) cé tin
50 rat cao (cao hon nhidu so vdi ). N6i cach khac né chinh 14 bj loc tin s3 cao.

Nhitng doc gid quan tim tdi thuat toan xic dinh tham 86 ham truyén dat khau PT,
tit 46 thi ham qua 46 A(f) sé tim thAy né trong [11].
226 Khaulead/Lag

Khau Lead va khau Lag déu la nhitng hé c6 chung ham truyén dat dang

_ 1+Tt3
G(s)_1+Tm3'

troug do6:
a) néu T, > T, thi ta n6i d6 1a khau Lead (din qua),
b) néu T;< T, thita néi d6 12 khiu Lag (cat bdt).

Tai sao c6 cing mot dang ham truyén dat nhung hai khau d6 lai c6 hai tén goi khac
nhau?. Cau tra 19i ndm & hinh 2.51 vé bi#u d6 Bode ctia chiing. Ca hai khau déu c6 tin
56 gly la wg, =Ty ! vA @gg =Ty . Song néu T, > T, thi nhiing thanh phén ¢6 tdn s6 cao,
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trong tin hiéu ddu vao s& duge uu tién cho di qua (ddn tén &8 cao), nguge lai khi T, < T,
thi khan $8 (u tién nhitng thanh phéin cé tin 86 thap (cit bdt tin s cao).

Q) b)
L{ew) ) o w)
'y A
2% it~
REHITERRL L@ il 1 1
L+ HHfiF T — - mrti—+ +H

POAHNG 0 b
, 0%
FUTHEE N
LR A L
| @led i 1 11THA

ol L PR
e e )

) e

om0 3 1 T S I 2 1 T Y B W K Ll
-1 -1
T_t 77m

Hink 2.51: Bi€u d6 Bode clia céc khau Lead va Lag.
a) Bidu 46 Bode cla khau Lead b) Bidu d8 Bode cha khau Lag

Gia thiét réing 7,, >0. Vay thi hdm truyén dat G(s) ca ca hai khau Lead va Lag la
nhitng ham bén. Do d6, theo ndi dung cia dinh 1y 2.5 (muc 2.1.5), khi ching duge kich
thich ti trang thai 0 bing tin hiéu didu hda u(f) c6 tin s6 @ & dAu vao .u(t)=ejau thi sau
mét khodng thoi gian ¢ & 16n (£ — o) d4p ting y(t) cha no co dang: ’

¥ = | Gljm) | I+,
chang han nh:
a) Véiu(t) = cos(wt) c6 v =] GUw) |cos(wt+p) khi t—oo."

b) Vdiu() = sin(wt) c6 y(¢) =| GUw) |sin(wt+p) khi t—o.

() khau Lead thi goéc léch pha ¢ gitia tin hiu vao u(f) va ra y(f) 1a mot s6 duong con
véi khau Lag thi ¢ 1a 86 4m (hinh 2.51).
Cang tit ham truyén dat G(s) ta c6 anh Laplace cia ham qua d¢
1+Ts 1 Ty -T

H(s) = =—— .
sQ+Tms) s 1+Tpys
Suy ra
-t
Rt =(1 _Tﬂ_ﬂeTm ) 1(e).
- T
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Nhu vay, khong giéng nhu ham qua d§ cha nhitng khau c¢o ban khac ma ta da xét,
ham A(t) cia khau Lead/Lag khong bit ddu tir 0 ma tix diém khac 0 (hinh 2.52)

T,
hO) =t20.
(1) T

m

a) b)

- h(0)

Hinh 2.52: Ham qué dd cha caokhAv Lead:-va Lag.
a) Ham-qua do clra khdu Lead by Ham qué dé.cla khiu Lag

L&y mét diém A c6 toa do (Z] bé't ky trén db thi k(¢ réi dung dudng tiép tuyén h,(¢)

véi h(t) tai d6. Pudng tiép tuyén nay s c6 phudng trinh
hy(2) = tana (t—a)tb,

trong d6
-
tanazm :MeTm .
di T,%

Goi B la giao diém clia tidp tuyén A,(f) vdi dudng tidm can

Lim A(f) = lim 5285 = 4
tow s01+Tpys

vat T Y2 hoanh:d6 ctia B thi

h(To) =tanae(To—a}+b=1:
Do d6 ta dige

a -0
1-b T2 T T,.-T. T
T. = = m im 1M t m =T
> ¢ Yane T, -7, T, ¢ m
N e e
1-b

hay T, chinh 1a khoang thi gian cin thiét dé 2, (f) di duge tit difm A téi diém B.
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Dua vao k&t qua nhan duge trén ta c6 thé xac dinh cic tham s8 T, , T cia mé hinh
Lead/Lag tit &6 thi ham qua 46 A(¢) cia né nhu sau:
a) L&y mot diém A bat ky trén h(f) va ké dudng tiép tuyén hy,(¢) véi F.(¢) tai A, sau
d6 xac dinh B 1a dim trén h,(f) c6 tung dé bing 1. Chiéu doan AR lén truc
thai gian (truc hoanh) dé cé Ty,

b) Tinh T; = R(O)T,,.

227 Khau dao déng bac 2

Khiu dao d9ng bac 2 1a hé SISO lién tuc cd ban ¢6 ham truyén dat
G(s) =—k____u_?, 0<D<1.
1+2DTs+T"s"
Diéu kién 0<D<1 1a can thiét, vi néu D> 1, G(s) 88 c6 hai diém cuc thye va khi 46 né lai
chinh 1 ham truyén dat cta khiu PT; ma ta d4 xét 6 muc 2.2.4.

Khau dao déng béc 2 ¢6 biéu dé Bode dang nhu hinh 2.40 mé ta. Tit anh Laplace

D, V1-D* D
(s+ =)+ . ,
_G(s) _ k _ T T 1-D2
H(p) =22 = —=k|L- L
s s(1+2DTs+T"s") '|S Do 1-D
{(s+—=)y"+——
T T2
clia ham qua d6 ta e6 phudng trinh cho £(f) - hinh 2.53:
[ ﬂt
hit) =k 1———1=e T (Vl—DZ coswt+ Dsinw t)
1-D?
~ _D M
==t 2
=k 1———1—-—e T sin(cut+¢) vdi D=cosp va m=_l_§‘£_'
1-D? :
F' 3 h(t)"
T>0
hma.:r- - i AT
b\ A
-r k1~ _i.._ —- _E._ ;.43. - R
P\ A%
Aot bt T
Hinh 2.53: Ham qua 3 khau dao 8éng bac 2. i : : ¢
Yo H ' ] _
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Nhu vay, ham A(z) ¢6 dang dao déng. Dao dong d6 s& tit ddn néu 7>0. Ngoai ra 46
thi cla A(f) con c6 vé s6 diém cyc tri phan bd xen k&, cach déu nhau, cic diém cyc dai
néim bén trén va cic gia tri cye tidu ndm bén duéi dusng thing

lim 2(t) = lin%G(s) =k
{—w> 5§

> . o ae . e N - . N R v s
Dé xac dinh nhitng diém cyc tri cia k), ta tim nhing diém thdi gian ma tai 46 dao
ham ctia A(¢) bi triét tidu va c6 duge:

7, =L i=0,1,.... (2.35)
1-D*
Suy ra
_~Dix_
[_p?
R(T)=F ——--'Ii—e 1-D% sin{ix + @)
Vyi-p?
~Din
= A=l AT -kl=pt— eV1-D? Ging
' 1- D2
Ajs1
2.36
= A; (2.36)

Hai céng thire (2.35) va (2.36) 12 céng cu gidp cho ta xac dinh ba tham s6 &, Dva T
clia hAm truyén dat G(s) khau dao ddng bic 2 tir duting d6 thi ham qua d6 k() clia né véi
nhitng budc nhu sau:

a) Xac dinh k= lim A(#).

{—>x

b) Do A; va T, rdi tinh D theo (2.36). Chi cAn do A, va T, la di, vi Ay = k.
¢) Tinh T tix D va T; theo (2.35).
2.2.8 Hé pha cuc tiéu

Cho hé tuyén tinh c6 ham truyén dat
Y(s) _ by +bys+ - +b,s"

Gls) == , (2.37)
U(8)  agrays+---+a,s”
thye—hitu ty, hgp thitc chat va bén. Néi cach khéc, cic hd s§ by, b, , ..., by vaay, ap, ..

, 8, cla G(s) 12 nhitng s6 thuye, bac da thdc ti 58 nhé hon bac da thic mau s6 (m<n) va

Py -4 N X I s
cac diém cyc ddu ndm bén trai truc ao.
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Do c6 gia thist ring G(s) 1a ham bén nén ham dic tinh tin G(jw)cia né ciing
chinh 13 4nh Fourier G{jw) ctia haim trong higng g@) — muc 1.3.4, chudngl, tiec la

G(w) = G(jw) =G(s)

s=Jjo’

Theo dinh 1 2.5, néu kich thich hé bing tin hiéu didu hoéa u(@) = et thi khi # = «
dap tng ciia hé sé c6 dang

yoO = 1GGw) 9P

Dinh nghfa 2.2: Trong s t&t ca cac hé c6 cung bién d6 [ G w)| cha ham dic tinh tdn
thi hé c6 goc sailéch pha @(w) nhd nhit dude goi 1a ké pha cuc tidu.

Xét mat hé pha cuc tidu ¢é ham truyén dat (2.37). Chuyén (2.37) vé dang

(L4 Tys)L+ Tys) - (L+Tiys)

G =k .
&) S R T Ty + Tys) - L+ Tos)
Nhut vay hé ¢6 cac diém cyc — —L', —-—L, s L va theo gia thi€t vé tinh bén cha Gs),
Tl T2 Tn

t&t ca cac di€m cuc nay phai ndm bén trai truc ao. Do dé cac hding sé théi gian & da thitc
mAu s6 T}, Ty, ..., T, , phai c6 phén thye duong.
Goi nghi¢m ctia da thitc tit s5 1a diém khéng. Khi d6 cac diém khéng cia hé dd cho
sé la: -
_ 1
) R R ]
nn T
Gia thiét ring trong s8 m hing sé thdi gian td 66 c6 T,' 1a s6 4m, con lai cac hiing s&

khac T3, ..., Ty, 1 s6 duong. Viét lai G(s)
R(1+ 18201+ Tys) = 1+Ts)  1-Tis

=T, $)A+ Tys)1+Tps) (1 +T,s) 14Tjs
AV e ——

58 thily Gy(s) ciing 14 ham hgp thiic chat va béu.

G(s) =

Tit day ta cé géc pha cha hé

ola) = gyl@) + py(@)
vdi
ool = arg Go(jw)  va @,(®) = arg Gy(fw) = —2arctan(wT,’ ).
Nhung vi

|G| =1 o |Giwl=|Giml
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nén véi tinh pha cyc tiéu cia G(s) ta phai c6
) < gnlw)
hay
Pal@) < 0. _
Song difu nay khéng thé xiy ra khi T,' <0. Vay didu gia sit la sai. Ta di dén két luan:

~ Pinh ly 2.10: & ¢6 ham truyén dat G(s) thuc-hitu t¥, hop thie chit va bén sé 1a hé pha
cuc tiéu khi va chi khi tat ca cac diém khong cha né ndm bén trai tryc do.

229 Khau giirtré
Khau giit tré 12 mét hé co ban c6 quan hé giita tin hiéu vao u() va ra y(¢) nhd sau:

y@) = u-7) (2.38)
trong d6 r dude goi 14 thii gian tré. Trén co sd mdi quan hé d6 ta cé thé kidm tra ngay
dugc ring khau gitt tré 1a mbt khau tuyén tinh. Clng tit quan hé (2.38), khau giit tré c6
dap itng gidng nhu kich thich nhung dude giit cham lai sau mét khodng thai gian tré =

Néu goi U(s) 1a anh Laplace ciia tin hiu vao va Y(s) 1a anh clia tin hiéu ra thi theo
tinh chat thii 3 cha toan ti Laplace vé phép dich truc (muc 1.3.1, chuong 1) ham truyén
dat cia khéu giit tré.sé la:
Y(s)

G
(s) = U6

(2.39)

Khau git tré c6 ham déc tinh tn:
é(ja)) = edjﬂ”= cos{wt) — j-sin(wz)

do d6 didng dic tinh tdn bién pha ctia né chinh 12 dudng tron don vi c6 chiu cung véi
chiéu kim déng hé (hinh 2.54).

u(t) ¥ pImG

Y % ' o
t E ¢ // \ ReG
. - e o k >

o] Khaw gl a
u(t) tré. Y@= u(t-1)

Hinh 2.54: Khdu gilf tré hay con gol ta khdu cham tré va dudng dic tinh tdn bidn-pha ciia no.
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Ham truyén dat dang (2.39) mic di la chuén xac, song khéng duge thong dung chi

vi nhitng edng cu phan tich, khio sat hé SISO tuyén tinh lai thudng tdp trung cho ham

truyén dat thuc-hitu ty. Bdi vy ngudi ta hay thay (2.39) bing mét ham thuc-hitu ty x&p
xi khac. Y tudng cho su thay thé nay la céng thidc quen biét trong giai tich 6 dién:

oS 1 = E (—sz‘)’z -

k!
. k=0
1 1457
un( + k)

(2.40)

k—ro0

1) Xudt phat tit sw x4p xi thd nha&t ta thay khau gift tré bing n khau quéan tinh bac
nhéit ndi ti€p (khau PT,):

1

G@)=¢ ° R
a+Ts)"

trong dé =L (2.41)
n
2) Tu sy xap xi thit hai ta ¢6 céng thic thay thé khiu gid tré 1a ham truyén dat
thuc~hini ¢6 bac tit s6 13 m va mau s lan :
m .
G(s)=e_‘”m 1+bys+---+bys , (2.42)

l+a5+--+a,s"”

sao cho nédu phan tich (2.42) thanh chudi Taylor tai diém s=0 thi m+n phin ti ddu
tién clla nd trang vdi m+n phén ti ddu tién clia chubi trong (2.40). Hinh thiic xap
xI nay cé tén goi 1 céng thic xap xi Pads.

Vi du 32: Cong thie xAp xi ham truyén dat cda khau giit tré G(s)=e_sr qua khau PT bac
5 la: '
1

G(s) = e T w —
%)

5

va khau PT, bac 91a
—sT l

G)=e Tw—>L ' =)

ST °
)
9

Vi du,33: Cong thitc x&p xi ham truyén dat clia khau giit tré G(s)=e—sr theo Padé véi
m=n=2 la: ' ’
C e 1-—lsz'+--l—-(s1-)2
Gs)=e *'~ 2 12 . ' (m]
1+lsr+—l—(sr))
2 12

«
-
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2.3 Mo hinh trang thai cho hé MIMO liéen tuc
231 Khainiém phuong trinh trang thai

Sau khi da lam quen véi nhitng phudng phap mé ta mot hé théng SISO tuyén tinh,
lién tuc théng qua ham truyén dat, ham qua d6, ham dac tinh tdn, biéu db Bode... trong
chc muc 2.1 va 2.2 ma d d6 ta phai sit dung nhidu dén kién thitc vé ham phitc, sau diy ta
56 tiép can téi m6t phuong phap mé ta khac la phudng phap khéng gian trang thdi.

Mic di tidu dé cia muc 2.3 ghi rng "... cho hé MIMO", song do vé thuc chit, hé
SISO chi 13 mét truong hdp riéng ctia hé MIMO nén tit nhidn phuong phap khéng gian
trang thai nay ciing ap dung dugc che ca hé SISO.

Diéu khiac biét cia phuong phap khong gian trang thai la & day ta s& sit dung nhiéu
kién thitc vé dai s6 tuyén tinh (thay cho ham phitc) va khio sat duge khong chi riéng
quan hé giita céc tin hidu vao u, (@), us(®), ... , u,(£), ra y,{t), y2(®), ... , y4(¢) ma ca quan hé
gifta tin hidu vao véi nhitng trang thai bén trong clia hé théng. Cac bién trang thai clia

hé théng sé duge ta k¥ hidu théng nhat 1a x,(2), x4(), ..., Ixn(t) hay dudi dang vector:

1 (t)
x@®y=1 : ~ xem lai hinh 2.2, (2.43)
Xy (t) .

Nhung trang thai ctia hé thang Ia gi va tai sao ta phai quan tim. Liy vi du vé diéu
khién déng cd. Bén canh tin hidu ra cha dong cd la téc d6 quay con ¢é nhidu nhing théng
s6 thay d8i khac cha déng cd cdn phai dugde quan tam trong khi thiét k& bd diéu khién
nhu gia téc dong cd, su t6n hao nang lugng ... , hoic nhir diéu khién cdn cfiu thi bén
canh quing dudng ma hang dude cdu da di duge ta con phai quan tam téi téc dé van
chuyén, d6 lic ciia hang trong qua trinh van chuyén ....

N&u khai niém trang thai hé théng duge miéu ta nhu vy thi co su khéc biét gi gida
trang thai vdi tin hiéu d4u ra va tai sao khong xem luén trang thai nhuw nhiing tin hiéu
ra dude b sung thém. Cau tra 15i la khai niém bién trang thai phai duge hiéu rong hon
khai niém tin hidu ra. Néu da la tin hiéu ra thi ngugdi ta phai tric ti€p do duge né (nho
cic bd cam bign) con & bign trang thai thi khang nhu vay. Cé thé ngudi ta chi xac dinh
dude mét s6 bién trang thai théng qua cac.tin hidu do duge khac.

Quay lai ky hiéu (2.43) vé vector trang thai. Tai mét thdi diém ¢, ¢6 dinh, vector
trang thai x(¢) 8& c6 cac phin tl x,{ty), xo(tg), ... , x,(¢o) 14 nhilng s6 thuc, bdi vay x(f)
ciing 12 mét phén t thudc khong gian Euclid R™ quen thuge. Khi cho ¢, chay tu 0 dén o,

diém x(ty) sé vé 1én mot dudng cong phu thude tham s8 trong R”. Dutdng cong nay phai cé
chiéu chi chiéu ting theo ¢ va cé tén goi 14 qu¥ dao trang thdi. Tap hdp cla tdt ca cac
quy dao trang thai cia hé théng duge goi 1a khéng gian trang thdi. Vi quy dao trang thai
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la tap diém trong R" nén tén goi "khéng gian
la c6 nghia (khéng chi 12 m#$t tap h¢p binh
thuong). '

Hinh 2.556 mé ta mdt quy dao trang thai
cho mét ha théng cé ba bién trang thai.

Vi dy 34: Xét mdt hé théng tuyén tinh SISO cb.
mjt tin hidu vao la u(f) va mt tin hidu ra y(¢).
Gia sit hé duge mé td bdi phuong trinh vi phén
giita tin hidu vao va ra nhu saw:

d (gl
+ay -+ agy =u). A #)

Hinh 2,55 Quy dao trang thai.

dn.-ly
l'dtn_l

d"y
dtfl

ta,-
Néu nhut ring bén canh tin hidu ra y(@, bai toan thi&t k& didu khién cfia ta con cin

n-1
phai dé y dén nhimg sy thay ddi cha y(¢) nhu gl, ST a’y
dt 4™}

cla cac gia tri ban d4u cha ching tdi dap ing () cia hé thi caic. mé hinh da biét nhu

va nhat Ja sy anh hudng

ham truyén dat, ham qua 46 ... khong con duge phir hgp. Ta cdn t6i mét mé hinh mé ta
dugc khéng riéng quan hé vio/ra ma ca nhitng sy thay ddi dé clia trang thai.

K# hiéu cac biéu trang thai la

- _d _d™ly
x)() = y(1), x2(0) == » X, = 1
thi
dx, 2 dxp_y
L=y, =xq, "0, = 2.45
Qg » de (2.45a)
va cung vdi (2.44) ta c6 thém )
dx,, _d"
—E"—= dt’:‘y S—agXy -G Xg— -t —Gp- Xpt Ul (2.45b)
Viét chung:(2.45a) va (2.45bj lai véi nhaw dudi dang ma.trin duge
dx; 6 1 0 - 0 0
dt : : o : *1 :
i P : : . : el
dx, 0 0 0 - 1 0
x
dt —ag ~ay —ag v o—apy) A1
va
X,

y(t)=a:1(t)=(1 o --- 0)

n
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Hé phutong trinh trén s& duge viét gon lai thanh phuong trinh trang thdi nhu sau

d
a i AL+ Bu (2.46)
y=Cx+Du
trong dé:
dxy
£ 0 1 0 0
x) d : :
=| : —x = dx, _ . A= )
£ C @ o= 0 0 0 1
x
" dx, -ay -a@; -—agy —p
dt
0
B= (:) ., c=@t o --0), D=0 0
1

Vi dy 35: Cho hé tuy&n tinh SISO c6 ham truyén dat

n-1 n-2 ,
Gs) = b, 18 +b,_o8 +-+bys+ by +b,= ¥Y(s)

s" +a, 158" 4 +as+ag Uls)

véi Uls) la anh Laplace ciia tin hidu vae u(¢) va ¥(s) 12 anh cla tin hiéu ra y(). Ky higu

2 n- n
A@)=apta)stas + --- +a, s Iy g

12 da thitc mAu 56 thi ham truyén trén viét lai duge thanh

n—l
Yis)= b, 1A( )U(s)+ AG )U(s) bomU(sHb LU(8) .
Dit cac bién trang thai
n-1
= s e = il
X3 _TU(S) . Xy(8) = AG) U(s), -, X, (s) Ao U(s)
séch
dx
dxy
sXy(s) = Xq(5) = dt_ =x,.
dx,..
X, (8)=X,(5) = ;t L=y,

va
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dx
= 4+ a

dt n-1Xp * o taxy e S u
d: TaeX — @ Xg — -~ ApyXp U
Viét chung lai duéi dang ma tran ta dudec phudng trinh trang thai cua hé:
0 ) 0
dxy . ) 0 0
dt : : . H : x‘1 :
D=0 0o - 1 0 C+ 0 u

il o 0 . 0 1 | lx,

dt 2 \1

2 \7@p —aq - 8y —Gp. X “‘B_‘

d A

——x

de™

x1
y=(bo & = baa}| i |+bau
v e
C x, ] D
N
X
hay gon han la

d

—x=Ax+Bu

at=" 0% . 0
y=Cx+Du

Mét cach téng quat, sau khi dua thém n bién trang thai x, (), x4(t), ... , x,() vio mét
hé tuy€n tinh MIMO ¢6 r tin hidu vao u,(2), uy(), ... , u(t), v s tin hidu ra ¥, (@), yu(), ...
, ¥¢(8), thi bao gio hé ciing mé ta duge bdi phuong trinh trang thai dang:

1) tham s hing
i::c =Ax+ Bu . ) N
dt— - 7 (A, B, C, D 1a ma tran cé phin tit 1a hang s6),

y=Cx+Du
2} hodc tham s8 phu thudc ¢

i:n: =A(O)x+B(Hu .
di~ - - (A, B, C, D 1a ma tran c6 phan ti la ham theo £),

y=C(t)x+ Dty

3) ho#c tham s6 rat (phu thude vector tham sd v)

d |
4 e AW)x+ B o
g 2= AWEHBWE B 6 Dla ma tran o6 phn tit Ia him theo ),

y=Cwzx+Dwu
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trong dé:
U Y1 X1 U
: : Yy, vector tham sé v =| :

u, ¥y Xy Uy

&=
1l
%
1l
B3
H

2.3.2 On nhanh vé dai s& ma tran

Do khi lam viéc véi mé hinh trang thai cia hé théhg ta sé phai sit dung nhién
nhing phép tinh ma tran nén thist nghi ciing hitu ich néu ta én nhanh lai & diy mét s
tinh chit co bdn cha dai s6 ma tran,

Nhing Ky hléu
Tén goi "ma tran" duge dit béi nha toan hoc Sylvester ngudi Anh dé chi mét tap hgp

A gdm hitu han mxn cac s8 thyc (R), hodc phitc () la a;;, i=1,2, ... ,m; j=1,2, ..., n va

ije
duge sdp x€p theo hang/cét nhu sau:

a Gzt @qp
A= gy agg '*' Qagy hallg thir 2

ml Cm2 77 Bma
t _ cotthan
Theo cach sép xép nhu vay thi phin tit a;; clia A s& nim & hang thi i va cdt thi j.
Do A c6 mxn phdn tif thuée R (hodc C) nhut vy ma nhiéu khi ngudi ta con ding ky
hiéu ’
Aer™" (hosic Aec™™)
dé chi mé6t ma tran A c6 m hang, n cat.

Né&u nhu cach biéu dién hang/cot & trén dd dude théng nhit va khéng sd bi nhdm ta
c6 thé viét mét ma tran A ngin gon han:

A=(q;}, i=1,2,...,mva j=1,2, ... n.

Mét ma tran A=(a,;) ¢6 so hang bing sd cot dude goi la ma trén vudong. Pudng chéo

ndi cac phén tl g;; (chi s6 hang bing chi 58 cdt) trong ma tran vudng duge goi 1a dudng
chéo chinh. Pudng chéo con lai dudc goi la dudng chéo phu.

—— dudng chéo phu

— dutdng chéo chinh
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Mot ma tran vudng A=(a;;) ¢6 a;;=0 khi i#j , tic 1a cac phin tir khéng ndm trén
dudng chéo chinh déu bing 0, dude goi 1a ma trdn duing chéo. Ma tran dudng chéo dugc
ky hiéu boi:

a, 0 - 0
0 ag - O .
A= . ‘:22 .. : = dlﬂg(a“') .
0 0 Qpn
| 1 - 0 ‘
Ma tran dudng chéo I=diag(1)=|: . : | dugc gotla ma trdn don vi.
0 -1
X
Mét vector x =| : | c6 n phén tit dude xem 14 ma tran c¢6.n hang va 1 c¢6t. Néu ghép
Xn

chung cac phan W trén cot thitj cda ma tran A=(a;), i=1,2, ... ,m; j=1,2, ..., n lai véi

ay;
nhau dé thanh vectorg=| : |, goi la vector cit, thi A sé& c6 dang:
) Gy ;
A=l c el

Céc phép finh ‘

1) Phépcing ! trie: Cho hal ma tran A=(a;;} va B=(b;;) cung ¢6 m hang n cjt. Téng hay
hiéw A+B=C=(c;;} cua ching dugc dinh nghia 12 mét ma tran cing c¢é6 m hang, n
¢ft. v6i cac phdn ti

C:-j =a,-j + bU s
R6 rang la phép céng/trir chi thye hién duge vdi nhitng ma tran c¢é cing s6 hang va
ciing s& ¢dt. Nhitng ma tran nhu vay duge goi la ma tran cang kidu. Tap hgp tat ca
cac ma tran cing kiéu cung vdi phép cong dinh nghia nhu trén sé tao thanh mét
nhém Abel (nhém giao hoan}.

i=1,2,...,mva j=12, ..., n.

2) Phép nhan vdi 56 thye (phic): Cho ma trdn A=(a;;) ¢6 m hang, n cdt va mdt so vé
hudng thye (phite) x thy y. Tich B=xA=Ax=(b;;) dugc hiéu 12 ma trgn ciing c6 m
hang, n cét véi cac phin ti

bij =X, i=1,2,...,mva j=12, ..., n.

3) Phép chuyén vi: Ma tran chuyén vi cia ma trin A=(g; ;) voi m hang, n cft la ma
tran AT=(aJ-,-) ¢é n hang, m cdt, ditge tao ti1 A qua vigc hoan chuyén hang thanh cét

va ngude lai ¢t thanh hang. Nhu vay ta ludn c6 (A T)7‘=r‘-\.
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4)

M6t ma tran A théa man A=AT dude goi 1a ma tran doi xiing. Mot ma tran 461 xing
phai Ja ma tran vuéng.

N&u ghép chung cic phdn tit trén hang thit i cha ma tran A=(a;;), 11,2, ..., m
' aj
J=1,2, ..., nlai vdi nhau thanh vector 4; =| : [, goi 1a vector Aang, thi ma tran A
Qjp.
T
hy
sd vist duge thanh A= | © |va AT=(h, h, = &)
hl :
—m

Phép nhan: Cho ma tran A—(alk) c6 m hang p ¢bt va ma tran B= =(bg) c6 p hangn
cht, tie 1a

A={g;p), (=12, ..., mva k=12,.
=(bkj)» k=12, .. ,pva j=12,.

Tich AB=C={c; ;) cda chang la mot ma trén cdé m hang, n cit vél cac phan ti
— _..T
¢jj = )P:aikbkj =a; b
k=1
trong d6 g; 1a vector hang thit i cia A va b, 1a vector cot thidj cia B (haAng th{t i cia
A nhan véi cét thit j ciia B).

Hai ma tran A, B chi ¢6 th€ dusc nhan véi nhan thanh AB néu s8 cbt cha ma tran
A biing s& bang cia ma tran B. Tap hqp tit ca cic ma trdn c6 cling s6 hang, s6 cot
k&t hgp vdi phép nhan dinh nghia nhit trén tao thanh nita nhém.

Tap hgp cua tit ca cac ma trin vudng chung kich thudc {cling s6 hang/cdt) kit hgp
'vdi phép cdng vid nhin ma tran teo thanh mét vank. K& thém phép nhan véi si
thuc (phyic) thi né trd thanh mét dai s6 trén trudng s6 thue R (phdc C).

Mot ma tran vudng Aer"™ ™" duge goi la ma frdn truc giao néu ATA=AAT=]. Hai
vector @ va b dude goi 14 true giao vdi nhaw nén a”h=0. Vector ¢; chi c6 phin tit
thi i bang 1, cac phdn tit khac bing 0, duge goi la vector don vi.

Phép nhidn ma tran thudng khéng giao hoan. Né c6 tinh chat:

a) aB)T=B"A".

b) A(B+C)=AB+AC vi (A+B)C =AC+BC.

¢) A=AI=IA, viiTla ma tran don vi.

d) TAe = gq,

e) Agj

ij - tic 1a bang 1a phén tit thit if eda A.

= g;, ticla bang vector cdt thid j cha A.
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Hang cia ma trén
Cho n vector u;, i=1,2, ... , n. Chiing s& dudc goi 1a déc ldp tuyén tinh néu déng thie
ay tagug+ - tapy, =0 © 11 vector ¢6 céc phén ti1 bang 0)
trong &6 @;, i= 1,2, ..., n ]a nhitng sd thuc (hodc phirc), s& ding khi va chi khi
ﬂ1=ﬂ2= e =ap =,

Xét mét ma tran A=(a;;), i=1,2, ... ,m 3 j=1.2, ..., n bt ky (c6 kidu mxn) va goi h;,
i=1,2, ..., m la cic vector bang ciing nhu gj.j=1,2, ... » 1 1a céc vector cbt clia A. Néu
trong 86 m vector hang k; c6 nhi€u nh&t p<m vector ddc lap tuyén tinh va trong sé n
vector cft ¢; ¢6 nhi&u nhat g<n vector déc lap tuyén tinh thi hgng cic ma trgn dudc
hiéu la:

Rank(A) = min{p,q }.

Mot ma tran vudng A kidu (nxn) s& duge goi la khong suy bién néu Rank(A)=n.
Nguge lai néu Rank(A)<n thi A duge néi la ma trén suy bién.

Hang cia ma tran cé cac tinh chat sau:

a) RankA)=min{p,q)=p = gq.

b) Rank(AB) <Rank(A) va Rank(A B) < Rank(B).
¢) Rank(A+B) < Rank(4)+ Rank(B).

d) Né&u B khéng suy bién thi Rank(AB) = Rank(B).

e) N&u A thuic kidu (mxn) véim<n va Rank(A)=m thi tich AA” 1a ma tran
vudng kiéu (mxm) khong suy bién véi Rank(AA T)=m.
f) Né&uA thude kidu (mxn) voi mén va Rank(A)=n thi thi tichATA 14 ma &an
vudng kiéu (nxn) khéng suy bién véi Rank(A TA)=n.
Pinh thie clta ma frén -
Cho mét ma trin vudng A=(a;;), {,j=12, ... ,n 6 kidu (nxn). Gia tri thye (phiic)
det(A) = a, det(4;)) - a,,det(A ) bk (~1)""a,,det(A )
= T D det(Ay) = ¥ (-1 ay det(Ay)
j=1 i=1 |
duge goi 1a dinh thifc cia ma tran A, trong dé A; i 1a ma tran kiéu (n-1xn-1) thu dugc tix

A béng cach bé di hang thit i va cjt thit j, tiec 1a bé di hang va cjt chita phén tit a;;. Vi
du:
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a1 @iz T Qg - Ggo Qg3 °°° Qg,
@32 Gag ' 4y

a a AR ¢ 1))
A=|TH LT An

Gn1 Qpz " Gpp , Bnz - @n3 """ Gpp

Chi c¢6 ma tran vuéng mdi cé dinh thitc. Theo cong thie tinh dinh thitc vita trinh
bay thi dinh thitc clia ma trn vuéng c6 n hang va ¢t duge xic dinh truy héi tir dinh
thic cdc ma tran c6 58 hang bt it hon la n-1. Bit ddu tir ma tran kidu (2x2) ta c6

an @2 | _
det( =ay183y— &30, -
Qg G2 -

Dinh thitc ciia mét ma tran vuéng A=(a; i) thude kidu (nxn) c6 nhilng tinh chAt sauw;

a) A la ma tran suy bi&€n khi va chi khi det(A) = 0. Nhu vy, néu A ¢6 hai hang
hoiic hai ¢4t phu thube tuyén tinh (vi dy gidhg nhau) thi det(4) = 0.

b) Mbt ma tran vudng A=(g;;), {,j=1,2, ..., n c6 a;; = 0 khi i>j (hofic i<j) dugc
goi la ma trgn tam gic, vi ¢6 cac phén ti nadm dudi (ho#ic trén) dudng c_héo
chinh déu bing 0. Dinh thic cia ma trin tam giic bang tich cic phAn tif trén
duding chéo chinh. Vi du: '

an @12 "t Qp
0 agp - a LI
det : ?2 . %n’ = Ha,-i .
- - . . "=1
0 O e ann

c) N&uA), A Az, A, la cic ma trin la nhitng ma trn ¢6 kidu pht hgp va © 1a
ma tran cé cac phén tit O thi (edng thic cia Schur)

A O :
1) det( A; A3]=det(Al)det(Aa)
A A, I e A A,
= d
2) det[AB AJ det(A,gA{l IJ et[A3 A,
' A Ay _
=det(®1 A, _AaAl_lAJ=det(A1)det(A4—A3 ATt A,

d) det(A) = deta”).

e det(AB) = det(d)-det(B).

£) GoiA’la ma tran thu duge tit A bing cach déi chd hai vector hang hoic hai
vector cdt thi det(A) = —-det(A’). ' ' ’

g) GoiA"la ma tran thu dudc tit A bing cach nhén cac phin tit cha mdt c6t hodc
mét hang véi s6 thue (hodic phitc) A thi det(A™) = Adet(4). -
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h) Cho ma tran vudng A <6 kidu (2xn) va mét s& thuc (phite) A. Vay thi
det(14) = A" det(A). ‘
i) Cho ma tran A kiéu (mxn) va B kidu (nxm). Nhat vay thi tich AB 12 ma tran
vudng kidu (mxm) va BA ciing 1a ma-i:ran vudng nhung c6 kidu (nxn). Goi I m 12
ma tran don vi kiéu (nxm) va I, 12 ma tran don vi kiéu (nxn) ta & c6

det(f,,+AB) = det({,+BA}.

Ma #én nghjch dao

Cho ma trin A=(a;)), i=1,2, ... ,m; j=1,2, ..., n, trong d6 a;, 1a nhitng s0 thuc (hodc

PR " X . Py s A 3
phitc), néi cach khdc AeR™ " (hodic AECm‘n). Néu ton tai mdt ma tran B théa mén:

AB = BA =] (ma tran don vi),

thi ma tran B dugc goi la ma tran nghich ddo cta A va ky hidula B=A"",

Do phai téu tai ca hai phép nhan AA™' va A'A cho ra k&t qua ¢6 cung kiéu nén ma

tran A phai 12 mét ma tran vuéng, tirc 1a phai ¢6 m=n. Hdn nita do det({)=1#0 nén:

det(d)dettA™) #0 =  det(d) #0 va det(A™") 0.

Vay A phai la ma tran khéng suy bién.

D
2)

3)

4)
5)

6)

7)

8)

124

Ma trin nghich ddo A™" cfia A ©6 cac tinh chit sau:
Ma tran nghich ddo A™" ciia A 1a duy nh4t.
Tap hgp tt ca cic ma tran vudng cing kiéu va khéng suy bign cang vdi phép nhan

ma tran tao thanh mét nhém {(khdng giao hoan).

-1
. _ b : d -b
Nghich dio ma tran kiéu (2x2): A 1"'(: d}- - detl(A) (— c a J

AB)'=B14L
(A—l)T = (AT)—}._

Néu A = diag(a;) va khong suy bién thi Al= diag[i).

-1 Aadj
det(A)’
ma tran thu duge tit A bang cach bo di hang thi 7 va nhu et thit .

trong 46 A, 1 ma trin ¢6 cic phén ti &, = (1) 7det(4 ) véi A; 1a

Cho ma tran AcR™ " khong suy bién. Néu Ue R™™ va Ve R 14 hai ma tran lam
cho (I+VTA™'U) ciing khéng suy bién thi ‘
@A+UvH ' = AT - ATWua+vTAT Iy vTATE



A A,

9) Cho ma trin vuéng A =( As A,

J khong suy bién, trong 46 A, Ay, Ay, A, cing 1a
cac ma tran.

a) N&u A, khong suy bién va B =A, - A3 A]' A, céng khong suy bign thi

-1 1 .- - . - -
A= (Al Ag] =(A11+A11A23 'AsATY -AT'AB IJ_ (2.47)

Ay A, ~- B 1 A4A ! B!

b) Né&u A, khéng suy bién va C = A, - A, A;t A; ciing khéang suy bién thi

1 -1 -1 -1 -1 .
=% AEJ =l i Lo L] e
Ay A, - A7 A4CT Al +AJTA,CTTALA]
Hai céng thic trén cé tén la céng thic Frobenius.
V&t cla ma trén

Cho ma tran vuéng A=(aij), i.Jj=12, ..., n ki€u (nxn). V&t ciia A dude hiéu la téng
gia trj cac phén ti trén dudng chéo chinh chia A va duge ky hidu biing trace(A):

R
tracetAy= ¥ a;; .
i=1
V&t c@a ma tran €6 cac tinh chat:
1) trace(AB) = trace(BA).
2) trace(S'AS) = trace{A), vdi S 1a ma tran vuéng khéng suy bién bt ky.
Véi khai niém v&t ma tran nhut vay ta c6 thé thay ring khéng bao gid tén tai hai ma
tran 4 va B théa min:
AB -BA =1.
Ma trdn vé anh xaq tuyén finh
Hiy bt d4n vdi hé phuong trinh tuyén tinh gom m phiteng trinh va n 4n
apxptapxgt e ta,x, Ty

83 X+ ByXet o F Ao Xp =Yy

Xyt e pexet -t @y, Xy =Yy -

X Y1

Sl dyng k7 hiéu nhan ma trin véi cac vector x =| : {eR”, y=| ! {eR"™, hé phuong

n Ym
trinh trén viét duge thanh

125



a4y G2 T Qp

a a a xy N
9 2 . .
21 .:2 n = : - Ax=y.
Xn Ym
Am1 Am2 Cinn
~ x ¥
A —_

Nhu vy, & ddy ma trdn A di déng vai trd anh xa tuyén tinh chuyén mét di€m goc x
thude khéng gian n chiéu R" sang dié’mAén.h y thuéc khéng gian m chidu R™. Cho %
chay khép trong R" thi dnh clia n6 sé 13 mét tdp hgp nim trong R™. Tap hgp dé duge goi
la mién dnh Im(A). Cing tuong tu, ta k¢ hidu Ker{4) la tap hgp cic diém x trong R" cé
anh 1a diém gdc toa 4 0 trong R™ (hinh 2.56). R5 rang ring he phudng trinh & trén chi

¢6 thé c6 nghiém x néu y € Im(A).

" Hinh 2.56: M5 1a céc khang gian
veitor Im(A4) va Ker{A4).

Hai tap hdp Im(4) c R™ va Ker(4) c R” ¢6 cac tinh chat sau:
1) Im(A) la mjt khong gian vector con trong R™. N6i cach k.hac neu ch ¥ € Im(A) vi

5 € Im(A) thi ciing phai cé ay, + by2 € Im(A), trong d6 @, b la hal s6 thye bat ky.

2) Ker(A) la mét khéng gian vector con trong R". -

3) Vila mot khéng gian vector nén Im(A) cling cé s8 chidu, dugc dinh nghia 14 s§ cac
phin t déc 1ap tuyén tinh nhiéu nhit trong né. Ky hidu s5 chiu etia khéng gian
Im(A) 1a dim Im(A) thi

Rank(A) = dir_n Im(A).
4) Ky hidu dim Ker(A) la s6 chidu clia Ker(A) thi.
dim Im(A) + dim Ker(A) = n

5) Ma tran vudéng A kiéu (nxn) khong suy bi&n (det(A)=0) khi va chi khi Ker(A)=(_Q},
titc 1a Ker(A) chi c6 mot phan ti 14 géc toa dé.

H
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6) Véi ma tran vudng 4 kiéu (nxn), Im(A) va Ker(4) déu 1a hai khong gian con ciia R".
Moi phan ti x € R” déu phan tich duge thanh téng x = x, + x4, trt:mgr 46 x; € Im(A)
va x4 € Ker(4). Hon nita viéc phin tich d6 la duy nhat va

Im(4) v Ker(4) = R", ImA) A Ker(d) ={0).

7) Né&u ma tran vudng A ¢b ki€u (nxn) 12 461 xing thi Im(A) va Ker(A) tryc giao voi

nhau, titc 1a véi moi phdn ti ye Im(A), x € Ker(A) ta luén cé ZT;_ =z y=0.

Néu sit dung cach bidu dién A= (.91 ay gn) theo cac vector cft cia no thi mdi
phin 1 ciia Im(A) sé co dang

e Xy .
y=('-'_ll as - En) =xlgl+x2.a_2+"'+xng.n

Xn
trong 46 x;, x5, ... , x, 12 nhitng s thyc bat ky. Nhu vay, Im(A) chinh 14 khéng gian cha

t4t ca cdce vector phy thude tuyén tinh theoa, , as, --- , @,. Ngudi ta viét
Im(A) = span(g,, gg, - s ap ) (2.49)

Ky hiéu span( @,,8s, "+ G,) 12 chi tap hgp tat ca chc vector bhu thuge tuyén tl"nh
theo g, , @y, -+ y @, . Tép hop d6 cling 13 mét khéng gian vector. Nhu da néi, dé phuong
trinh Ax = 'y ¢6 nghiém x khi biét trude y thi y € Im(A), titc la y phai phu thude tuyén

tinh theog,, a3, ,8,.Suyra
yeim@) y € span(ga;,@a, - 1 Cp)
< span(a,, g3, - ,8,) = span(g,, gz, = 48, ¥)

= Rank(A) = Rank(4, y ).
Phép bién d8i tuong ducng _
Ma fran vudng Aer™™", nhu via trinﬁ bay, 1a mdt anh xa tuyén tinh tir khéng gian
R" vao chinh né. Dit nguge lai vAn dé la anh xa tuyén tinh f: R" - R" di cho trude va
ta phai tim ma trdn mé ta né.

Trudc hét wrong R” ¢6 n vector ddn vie,, eq, ... , e,. Moi vector x trong né déu biéu
dién duge dudi dang phu thude tuyén tinh theo céc vector don vi nay: -

Xy

™
I

=x e txgept -t xpe,.
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Do d6 anh cla né sé& la
y=fly=flxye,+ xgep+ -+ x, 8,)

=x fle) +x,fleg) + - +x, fle) = (Fle)) fley) - fle,)

x!l
Suy ra
A={fe) fley) ~ fley) | (2.50a)
13 ma trin mo t& anh xa f: R" —» R" da cho.
Song bét cit » vector nao trong R”, néu déc lap tuyén tinh véi nhau thi déu c6 thé st

dung thay choe, , e;, ... , &,. Nhilng bd n vector doc lap tuyén tinh nhu vay dudc goi 1a co

sd cha R", Gid sit 8, , 89, ... , 8, ]2 mdt co 3 khac caa R”. Méi vector g; lai cé dang biéu
bién theocd sdciie,, ey, ... , €, nhit saww:
11 312 S1in
5 = : ] §2= : 3 eevy §n= :
Sn1 §pa San

Vis,,$2, ... » &, a n vector dgc 1ap tuyén tinh trong R" nén moi vector x trong R" déu cé

dang phu thude tuyén tinh theo chﬁhg, titc la

x; n
x=|: ="1§1+"2§2+"'+"n§n=(§1 8y _s_n) '
Xn Ta
Si1 %12 7 S
n
_|%an Saz 't 82, :
r
n
Sp1 Sn2 °7" Spn
Bj sd thyc ry, rp, ... , r, duge goi la toa d6 clia x theo cd s6 méi g, , 53, ... , 8,- VAy muén
biéu difn x theo toa 6 mdi ta c6 phép bisn ddi
n N
Pl=sTh . -~ (2.50b)
r?l xﬂ

Véi cich biéu dién x theo co 53 méi nay, anh xa f: R S R™ ciing c6 dang méi
' x n
v =lfle)) flep) - fle,))| i [=AS| i, o (2.50¢)

-

A Xn Tn
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néi cach khac AS ciang la ma tran md ta £: R” = R” nhung theo co sd'8, ., 82, ... , 8,

trong R" cho x .
Tuy x di duge biéu dién theo cd s6 mdi 3, , 82, ... , 8, nhung anh y treng (2.50b) lai
vin theo cd sd cl g, , €, ... , €, - D& chuyé’nz theo co s¢ mdi giong nhu x ta si dung

(2.50b) cho y va di dén dang hoan toan theo cd sd méi cho f: R > R™:
87'As. (2.50d)

Nhin lai (2.50a) ciing nhut (2.50d) ta thay, tiay theo viéc chon cd sd S trong R” ma
m6t Anh xa tuy&n tinh f: R® - R” s& ¢6 v6 van cach mé ti. Nhiing cach mé ti nhu vay
dude goi 1a tuomg ditong vi ching déu mé ta chung cho mét anh xa. Céc phép bién ddi ma
tran A thanh S”'AS, trong d6 S 1a mdt ma tran vudng khéong suy bign bat ky, duge goi
la phép bién d6i tong diong.

Gi& tr] rieng v vector rigng o

Do ¢6 nhidu ma trén ciing mé ta mét anh xa f: R® - R” nhu da trinh bay nén ciing
d& hidu ndu ¢6 cau héi dit ra la lam thé nao dé cé thé xac dinh duge tinh tucng dudng
gita chiing. Nham lam duge diéu nay, ngdi ta di tim mét hinh thic bidu dién chung cho
ching ma khéng phu thujc vao cd sd duge chon. Mt trong hinh thie dé6 1A xdc dinh
nhitng s6 thyc A sao cho:

Ax = 2x ding vii moi x. (2.51a)

36 thye A duge goi la gid tri riéng va vector x ¢4 tén 14 vector riéng bén phdi 1.mg vii gid
tri riéng A cua A. TiX (2.51a) cé ,

(A-ADx=0 ' (2.51b)

va dé€ cho phuong trinh (2.51b) ¢6 nghiém x#0 thi Ker(A -~ AI) khéng thé chi 6 mdi
phén td 0, hay (A — AI) phaila ma tran suy bién:

det(A - AI)=0. {2.51¢)

Cac vector riéng x théa man (2,51b) 1a phén tir clia Ker{d ~ AI). Phudng trinh (2.51¢)
véi nghiém 2 duge goi 1a phuong trinh déc tinh ciia ma tran A.

Gia tri riéng va vector riéng clia ma trén A cd nhiing tinh cha't sau:

1) Hai ma tran tuong duong A va S *AS luén cé cing cac gia tri riéng, néi cach khac
gia trj riéng clla ma tran bﬁt bign véi phép bign ddi tuong dwong:

det(A - AI) = det(S" 1ALS - aD.
2) Céc gia tri riéng cia ma tran bat bién vai phép chuyén vi, tic 1a

det{A - AI) = det(AT - AD).
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3) Né&u khai trifn (2.51c) thanh da thirc bac n cta A:
det(A - AN =1"A"+ (1" g, A"+ -+ g (2.51d)
thi
ag=det(d) va a,-, = trace(A).
Didu nay ciing néi ring det(A) va trace(d) la hal dai higng bat blen vé6i viéc chon cd
sd nén chuing la nhiig dai lugng dic trung cho anh xa f: R" > R"
4) Nhitng vector riéng {ng véi cac gia tri riéng khac nhau thi doc lap tu&é‘u tinh véi
nhau, tic la
N&u o6 4,#4, thi ciing phai ¢6 Ker(A — 1,1} nKer(A — 1,I) = {0].
5) Né&u A4, 1a nghiém don cla (2.51d) thi dim Ker(A — A4,1)=1. Néi cach khaec tht ca
céc vector riéng @ng véi A; 1a phy thuéc tuyén tinh. Ngudc lai, nédu 4, 13 nghiém béi
g cta (2.51d) thi dim Ker(A - 4,I)<q.
6) Neéu A khong suy bién thi AB va BA c6 cling cac gia tri riéng, tite la
det{AB ~ AI)=det(BA - AI).

7 ‘Néu A la ma trdn dﬁl xing (A = A) thi cac vector riéng ing v8i nhilng gia tri néng
khac nhau sé trUC giao v&i nhau.

8) Néu A la ma tran d61 xtiing (A = A) va c6 gia tri riéng 4 la nghiém béi g cla phriong
trink ddc tinh (2.51c) thi

dim Ker(A - Al)=q.
Néi cach khac, dng véi gia tri riéng A bi q sé ¢o dung q vector riéng dbc 1ap tuyén
tinh vdi nhau.

Chudin cla ma rdn
Ngudi ta cdn dén chudn ciia ma tran la nhim phuc vu viéc khdo sat tinh giai tich

ctia né. Cé nhidu chudn khac nhau cha mét ma tran A=(a,;j), =12, ... m;j=12, ... ,n
Nhitng chuén thudng duge st dung la:
1) Chuin Frobenius '

m n 2
lAlr= |2 X laij\ = ytrace(AT A) .
Vi=1 j=1

2) Chuén béc 1, duge hiéu la tong ldn nhat trong s6 nhimg tong cdc modul ¢lia phin
tll trong ciing mdt cot:

fAf, = max Z'aur

1<J<r|, :
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3) Chudn bac 2, dugc hidu 12 gia trj riéng 16n nhét cha tich ATA, hay con goi 1a gia tri
suy bié€n I16n nhét cha A:

JA], = max Ji(ATA) = 5 (4).
<

4) Chuén vé ciing, dugc hidu 1a téng 1dn nhi't trong s6 nhitng tdng cic modul cia phin
tl trong cting mot hang: ‘

Allen= X Il
1Al ;Srlémj‘z:“l @

Didu diic biét cha cac chuéin trén 1a chding cén théa man
laB] <jal]8]
ma ngudi ta thudng goi 1a bdt ddng thitc Holder mé rong.

2.3.3  Matran ham mi e’ va cach xac dinh

Ta cAn dén ma tran ham mi e?! 1a a8 sau nay phuc vu viéc xac dinh nghiém cia

phuong trinh trang thai. 0] trugng phd théng ta 48 duge biét ridng chudi vo han

—_ < xk
T k=0?
héi tu vdi moi gia tri x va gia tri giéi han cia né la e”. Tuong tu nhu vay, 8 day ta xét
chudi’ ' '
§=3 (A‘)k , : ‘ 2.52)
k=0
trong dé A=(a,j)éR"x" ,6,7=1,2, ..., n la mdt ma tran vudng kidu (nxn) va ky hidu At

chi mét tich gdm 2 ma trin A nhan véi nhau (A°=1). Theo dinh nghia vé phép cang,
nhan ma tran vita duge nhic lai d muc 2.3.2 thi ré rang S, néu tén tai, ciing phai la mat
ma tran vudng kiu (nxn).

Xét chuéin cia chudi (2.52)

k
it 5 I & _ 1k

k

(Az) |

Z " <3
R e

ta thay vai e'“'A L v& phai ludn 1a mét s§ thyc hitu han, vi fA | 1a sé thyc khéng dm. Bai

vay chudi (2.562) hoi ty, tic 13 tdn tai S. Néi cach khae, dinh nghia sau 13 e6 1y:

. ' © k
Binh nghia 2.3: Ma tran ham et gia tri gid1 han cla chudi et Z At) , trong dé

A=(a;;)eR™" i,j=1,2, ..., n 1a mdt ma trgn vubng (nxn) va A’=1.
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Nhiing tinh chét co ban c¢a ma tran eAt duge phat bidu trong dinh 1y sau:’

Binh Iy 2.11: Ma tran ham ¢”?, trong d6 A=(a;)eR™" , i,j=12, ..., n 1o mdt ma tran
vubng (zxn), thoa man: ’

a) eAligAl _ Al )

b) eAtgmAl _ Al AL_ g

0 %em = AcAt = Aty
d) N&u A la ma tran dudng chéo A= diag(a,) thl e’ = diag (£%%).
Y -1 2 Ak
e) Ma tran hame™’ c6 anh Laplace]a (s/~A) ', hay (sI[-A) = 3 2T
) E=0S

Chitng minh: a) D& chiing minh ta si dung cong thic dinh nghia véi mét vai budc bign
d8i nhu sau

o 1 k—i o0 kE o
Ay Aty _ & s L3 _ A i
4 = A= —— = gt ;
e ¢ z {Z Pt (k- )1] Z( zol'(k‘-l)' 1 ‘7

k=0\i=0 k=0
2 (A* & i) oAk k Aty +1o)
= Z F.chtltz = z T!'(‘l +t2) =€ <.

b) Tt khiing dinh a) ta thay ¢ = ¢; = - ¢, s& dugc diéu phai chdng minh vi Ako* = © khi
k0, trong d6 © la ma tran cé cic phan ti bing 0.

d d 2 Atk @ dq Aktk ) Aktk—l ) Ak_ltk_]
c) d—e‘“ =——Z( ) =y — > =AY
: dt = R mdtl K| S k- ke
o gk k
A AL _p0n
k=0 *!

Ngoai ra, cling v4i cac budc bién ddi trén ta thay dwdge ngay
At = A,

d) Néu A= diag(ai) thi A* = diag( a,k ) nén ta c6 dién phai ching minh.

@ k.
e) Vit 1(¢) 6 anh —L (vi du 11, chuong 1) nén anh cia et 1a Z A . Hon nita:
posk*
o Ak 0 Ak+1 _ ‘ @ Ak _
EO—;— —,?:“O T =T = (sI-A) Z k+1 =1
L I
Vay P (sI-A) {d.p.c.m). ] m]
k=08 "



Nhu vay 1a ma tran ham et da duge dinh nghia xong va ta ciing da duge bigt mot
s8 tinh chat co ban clia n6. Sau diy ta sé lam quen vai ba phtong phap thuong dude sit
dung & xac dinh e?! khi bigt trusc Aer™". D6 la:

a) Su dung toan ti Laplace.

b) Xac dinh theo phuong phap modal.

¢) Xéc dinh nho dinh ly Cayley-Hamilton.

5 dung todin 1 Laplace
Néu ta chi quan tam dé&n e! khi 120 thi dé tinh ¢! ta cé thé su dung ngay tinh
chit e) cua e da dugc néu trong dinh 1y 2.3 nhu sau: g
et = M (s1-4)").

Vidu 36: Cho A= 21 .Tacd
0 3

-1 -1
et =£“{(sI—A>“}=e“l<(5;2 _l] }=£‘!(S;2 _IJ )

-3 s-3
. 1 1
=_e'l{_____",..__1 §-3 1 J =] 52 (8—2)(s—3)}
s-2)(s-3) O -2 0 1
s-3
2t 3t _ 2t
_le e’ —e
Phuong ph&ap modal

Phudng phap modal dic biét thich hdp véi ma tran Aer"™” thod man:

- Acbn gia tri riéng khac nhau titng déi mét,

— hoac A co gia tri riéng 4; bl g, song dng vdi gia tri riéng dé lai ¢d ¢ vector riéng
déc lap tuyén tinh @, |, @4y, -, Gay » tlc 13 ¢ dim Ker(A — 2,1)=g. Vi du nhit ma
tran 46t xdng. :

1) Truitng hdp A cd n gid tri riéng khdc nhau:

Trong muc trudc, khi néi v& khai niém gia tri riéng, vector riéng ciia ma tran ta da
biét dén tinh chéit ciia ching 1a nhitng vector riéng ing vdi cac gia tri riéng khac nhau sé
ddc 1ap tuyén tinh véi nhau. Bdi vay d day, khi cé gia thiét ring ma tran A ¢é n gia tri
riéng 4,, 4, ... , 4, khac nhau timg ddi mét thi tuong Vng n vector riéng la g, , @, ... ,

@, sé& tao thanh mét hé déc lap tuyén tinh va do dé ching 1a mét co sd clia R™.
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Goi
S=(81,82s e 8y) (2.53)

14 ma trén vudng (nxn) duge tao bdi n vector riéng ciia A. Vi céc vector cit clia S dée ldp

tuyén tinh nén S phai 1a ma tran khéng suy bién. Néi cach khac 1a tén tai ma tran
nghich dao S~ ' Khi 46 thi:

AS=A(g,ay,.

1 ly)
=(Aa,,Agy, ..., Aa,) = (a4, @y, ..., a,d,)
f, 0 - 0
=(a1,8, -, ) 0 1:2 0 =SA
0 0 - 2,
trong dé A la ma tran dudng chéo:
2‘1 o - 0
A=| O P2 0
0. 0 - A,
Suy ra
S7'AS = A

o A=8SAS™

(2.54)
Nhu vay ca hai ma trin A va A cing mé td mdt Anh xa va do d6 ching 1A tudng

duong. Vdi phép bién d8i tuong duong (2.54), ma tran him e b s dang:
kR

= -1
S):—s
k-0 K

o k )
AL =,ZA ): S/\S )

=8eMis!,

Nhung vi A ]a ma tran dudng chéo nén

et 22 e 0
e"!=diag(ehfy= 0 €7 O
o 0 ¢’

va cudi cling ta dude:
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Ay

e go -0
et = Sdiag(e®it)s'=s| & €7 0 0 g7t (2.55)
. 0 0 e’{n

Tém lai, vide xac dinh ma trin ham mi e?? theo phuong phap modal cho truong
hgp thit nhit gdm céc bude sau: ‘

a) Tinh tit ci n gid tri riéng 4;, Ay, ... . A, clla ma tran Aer™". Néu chiing
khéng khic nhau timg d6i mét thi két thic véi két luan ring khéng st dung
duge phuang phidp modal cho trudng hdp nay.

b) Tinh cdc vector riéng g, , gz, ... , @, Ung véi timg gia tri rigng d6. Véi m8i mot
gia tri riéng sé cb vd s3 cac vector riéng, song chiing déu phy thude tuyén tinh
v6i nhau nén ta chi cAn 18y mét vector riéng la da.

¢). Lap ma trdn S tit a,, ay, ..., a, theo (2.563).
d) Tinhe™ theo (2.55).
Vi du 37: Xét ma trin A kiéu (2x2) véi
a=["%2 1]
0o -1
Ma tran A o6 phuong trinh déc tinh
det(AI-A) = A%+84+2 = 0

voi hai gia tri riéng 4, = -1 va A, = — 2. Tuong ing voi hai gia tri riéng d6 la hai vector
riéng bén phai :

(-I-A)Qﬁ(é -Olja_ﬁg = '11:(1)

0 -1 1
(—2I—A)gg=(0 _Jng = C_12=[0]-

R& rang hai vector nay djc 14p tuyén tinh véi nhau. Véi hai vector d6 thi

11 41 (01
S=(gl.s¢_2)=(1 0],_ S l=[1 _J.

Thay vao (2.55) dide

1 1Ye 0
eAt =SeAtS L e 09 1
) 1 0} 0 e2f1 -1

-2¢ -t _ 2
= M F )
0 - e
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2) Truing hop A ¢6 gid tri riéng béi q:
Phudng phéap xéac dinh e®! trinh bay sau ddy duge p dung khi ma tran A cé cac gia

tri riéng 1, boi ¢, nhung {Ung véi né lai c6 dim Ker(A - 2,I)= g, chdng han nhu khi A
la ma tran 461 xttng (muc 2.3.2, phén vé gia tri riéng va vector riéng, trang 130).

Mat gia tri riéng A, bdi g, dugce tinh nha Ja ¢6 ¢, gia tri riéng 1, gidng nhau. Néu
tinh ca s& lan béi clia mét nghiém nhu vay thi mét ma tran vuong A kiéu (nxn) bao gid
ciing co n gid tri riéng. Khong mdt tinh tong quat néu ta gia sit ma tran A chi c6 gia tri
riéng 2, boi g thi s& phai cén lai n—g cic gia tri riéng khac 4,,,, Ag+2, - » 4, vi nhiing
gia tri riéng cdn lai d6 khac nhau titng d6i mét.

Ung véi n—q gia tri riéng Age1r Agez,s oo o A, 12 cdc vector riéng g,y , Q42 -o- 1 By
Tat nhién ring n—¢ vector riéng 46 la doc lap tuyén tinh véi nhau. Néu nhu ring ma
tran A ¢6 dim Ker(A - A,7)=q thi ing v6i gia tri riéng 1, clng c6 g vector riéng g, ,
@iz, -1 Qg d6C 1Ap tuyén tinh véi nhau. Ching chinh la mét cd sd caa khong gian vector

Ker(A - 4,1).

Két hdp g vector riéng a,;, 29, --- e, cla 4, vdi n—q cdc vector riéng Qo1 s Lot s

2@ €A A4y, Aguy, -, A, talaichd t4t ca n vector déc lap tuyén tinh trong R” va

S=(Q11v‘112----,qu-gqﬂ,f_lqm,---,a_n) )

l1a ma tran vuéng kiéu (nxn) khéng suy bién. Tudng tut nhut § truéng hgp trude, & day
phép bién déi tuong ditong S!AScia A ciing sé cho ta ma tran dudng chéo:

! 4 - O 0O - 0
_ 0 4 O 0
S7'AS = 1 =diagdy, ..., Ay, Aya1s Agags ooe s Ap).
0 0 A4 0 L e T "
: g lan
0 0 o A,
—— -
T
A
Suy ra
_ A _
At = 8eM5 ! = S.diag(e®, .M M0 ot Any gt (2.56)
g ldn

Tang két lai, vidc xac dinh ma tran ham mi e theo phuong phap modal cho
tritdng hop thit hai gdm cac budc sau:
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a) Tinh tit ci n gia trj riéng cia ma trin AeR™". N&u c6 mét gia tri riéng A, -
nao d6 la nghiém bdi g, cha phuong trinh dic tinh thi kiém tra xem dng véi né
diéu kién dim Ker(A ~ 4,1)= g; c6 dugc théa man hay khéng. D& kiém tra
diéu kién nay ta co thé st dung cong thdc da biét & muc trude:

dim Ker(A - AyJ) = n - dim Im(A — 4,]) = n — Rank(A - A,I).

b) Tinh cic vector riéng Ung vdi timg gia tri riéng d6. Véi nhitng gia tri riégng 4,
bji g; ta phai xac dinh dugc tat ca g, vector ridng gz, s, ..., g, déc lap
tuyén tinh véi nhau.

¢) Lap ma tran S ¢6 n vector 14 nhitng vector riéng tim dude.

d) Tinh iz SeMSAl, ti-dng do A la ma tran dudng chéo cia céc gia tri riéng
theo thil tu ding nhu thit ty cac vector riéng cia né trong S. Nhiing gia tri
riéng A boi gy sé xudt hién gz 14n trong A.

VI dy 38: Cho ma tran A kidu (3x3)

-2 2 -3
A=t 2 1 -6|.
-1 -2 0

Ma tran trén cé cac g_ié tri riéng }4 nghiém cia phuong trinh dac tinh:

det(AT-A) = -A%-42-214+45 = (1+3)2(4-5) =0
= A=Ay =-3 va Ay =5.
Nhu vay A cé6 mét gia tri riéng 4,= -3 bdi 2 vi mdt gia tri riéng 45 = 514 nghiém don.
Ung v6i 4,= -3 bdi 2 cob-

: Lo : 1 2 -3 X

dim Im(A - 4,I) = Rank(A - 2,7y =Rank| 2 - 4 -6|=1.

: ~1 -2 3

Bdi vay

dim Ker(A - 2,1) = 8 — dim Im{A — A'ID =2,

va do d6 A s8& c6 2 vector riéng dée 1ap tuyén tinh ing véi 4,. Ching lA nghi¢m cia

1 2 =-3)\(e a; +2as =303 =0
(A - A‘ll)g-l =| 2 4 -6 '02 =_Q <:> 2(11 +402—6ﬂ3 =0
-1 -2 3 Jlas ‘ -, —2ay +3a3 =0
& a; = -2 ag+ 3ay ' ‘ (2.57)
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Tit (2.57) ta c6 duge hai vector ddc lap tuyén tinh:
_2 3
a;; =y 14 a;; =|0].
-l

Con lai, dng véi A3 = 5 1a vector riéng

: -7 2 -3 _ -1
(A-Asldas =] 2 -4 -6|lgz=0 = agz=[-2
-1 -2 -5 1
Suy ra
-2 3 -1 -2 4 6
S=(@n,a2,a3)={ 1 0 -2{, S’1=l 1 2 5
0 1 1 -1 -2 3

Cuéi cung, thay vao (2.56) vdi
A= d-"ag( '1'17 /1'] ’ /1'3 ) = diag(-31—375)

duge .
A
23 -1NN[e®* 0o o0)(-2 4 &
At _geMg ol g —2|l 0 ¥ o|]1 2 5|t
5¢ 8

0 1 1 0 0 e -1 -2 3

7e™ £ 55— 067 1265 373 _ 35
005t 465t 65t
g3t _ Bt 9Bt 9,5t g, -3t g5t

[T

Phuong phap Caytey-Hamilton

Phuong phap modal vita trinh bay c6 mét han ché& 1a né chi ap dyng duge cho 16p

cac ma trin vuéng AeR™™” tudng duong vdi ma tran dudng chéo A, duge goi 14 ma tran
giong duimg chéo. V6i nhitng ma tran A ma khéng tén tai ma tran S khéng suy bién dé
phép bién d8i twong duang 57'AS 1a ma tran dudng chéo thi ta khéng sit dung duge

phuong phap modal.

Ngugc lai, phuong phap sau diy ap dung diutge cho moi ma tran vudng Aer™" N¢

dge xay dung dua theo dinh 1§ Cayley—Hamilton phét biéu nhu sau:

Binh Iy 2.12: Cho ma tran vudng AeR™™". Néu ay, ay, ... , Gyt la nhitng hé s6 clia da

thite dic tinh ca ma tran, tice la:
pA)=det(AT- A) =" +a, A" '+ - +a,d +ag
thi
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pAY=A"+a, A"t +a A +agl=0, - . (2.58b)

trong d6 © 1A ma trén cé cac phin t& déu bing 0. . A
Chitng minh: Tit hai diug thitc (2.58a) va (2.58b) taco

p -pAy= (A" T1-A™) +a, (A" T-A" + ...+ a (AI-A). ' (2.59)

AAIA% = A1-A)* T %A + 2R %A% ok Aty
nén v& phai ciia (2.59) 12 mdt bidu 'thitc chia hét cho (1-A). Suy ra v& tréi ciing phai
chia hét cho (1I-A). Néi cach khac p(a)l phai chia hé&t cho (AI-A} va p(A) cang phai
chia hé&t cho (AJ-A). Nhung do p(4) khéng phu thuéc 2 nhitng lai chia hét cho (AI-4) ¢6
chita A nén dé p(A) chia hét dugc cho (1Z7-A) thi p(A) phai bing @ (d.p.c.m). (m]
Dinh ly 2.13: Vi moi ma tr@nAeR"xu bao gié ta ciing cé n ham ay(t), a,(t), ... , a,-(t) dé

e?i=ay)] + a A + - +a, A" (2.60)

Chitng minh: Xuft phat tit dinh ly Cayley Hamx]tou vii cong thL!C (2 58b) th1 A" 8 phu
tht}gc vic A" A ,A_néi cach khac A tmh duge tE A" ! .., A% A nhusau:
A" ——(a,l_lA" Y4 ta,A +.a0)7. o
Tudng ty, A" = AA" ciing tinh dugc tit AM o A% AL o p
A™ =AA"=— (g, A"+ a0 AT+ kap At +as4)
= (@ tap) AV 4 4 a8+ ag) Ata, el

Cit ti€p tuc nhu vAy thi tdt ca cic ma. trin A% o k2n déll tinh duge tir A", ... 1A%, Ay

k

(At)
Z

chinh lé diéu phai ching mmh . PR |

Diéu nay din tdi chudi et - chi ¢on phy thudc vao A":l, - A% A va d6

Theo dinh 1§ 2.13 va nhi't 14 céng thic (2 60) thi ¢déng vigce tinh et e dufdc hean tﬂt

khi ta xic dinh ditge n ham ay(t), a,(t), ... , a,—,(¢). Pé lam duge dleu nay, ta nhm lal
phén chitng minh dinh 1§ 2.13 sé thiy n6 dudc din tir (2.58b). Nlumg do (2.58b) tuong
duong vdi (2.58a) nén néu di tit (2.58a), ta s& dén dugc két luan:

O)nh ly 2,14: Cac ham ay(®), a;(@®), .- , a,—1(¢) cia ma tran AeR™™™” théa man {2.60) thi
cling théa man ding thifc sau cho tit ca gia trj riéng - '

ekt = g5) oAy + o * apa @ AL (2.61)
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Véi dinh 1y 2.14 (duge xem nhar bé-qua cia dioh ly 2.13) thi t& & gid wri riéng 4,
khic nhau ta s& c6 n phuong trinh. (2.61) doc Ip tuyén tinh véi nhau. Gigi hé phuong
trinh d6 ta duge n nghiem ay(), at), ... , @, () cin tim cho ¢! theo (2.60).

Trudng hyp Aer™" b gid tri riéng bdi ¢, vi dy nhu A bjt ¢ thi cung véi n—q cac
gia tri riéng con laid 41, 4542 oo A, ta méi chi c6 duge n—g+1 phudng trinh (2.61) cho
n in agl®), a () ... , a,—,(¢). S8 cic phuong trinh cdn thidu la g-1 s& duge b8 sung thém
bing cach ti (2.61) dng vii 1, ta dgo ham g-1 lin theo 4; nbu saw:

r

te'li =a;(¢)+ 24, -ag()+---+{n- 1)»1"'20,, 1(2)

t2e 1‘._.2,12(;)+6,1,1 -ag@)#--+(n-1Xn-2)a8"3a,_,(t)
: (2.62)

(" 1!
T

R3 rang ring g—1 phuong trinh (2.62) ta d6c 1ap véi nhau.

;’n q a,_ 1(t)

-ttt _ (q;-l)!aé,l(t)+—%!il -aq(t)+

Tém lai, phuong phap Cayley-Hamilton gém hai bude:

‘a) Tinhtdtcan giA trj riéng clla ma tran Aer™". Méi mot gia tn riéng sé c6 mot
phuong trinh dang (2.61). Ung véi gi4 tri riéng A, bdig, ta‘cé thém g;-1
phuong trinh bing cich dao ham theo 1, phudng trinh (2.61) elia né g, -1 l4n.
Nhat vy, tong cng ta sé c6 n phuong trinh cho n an ag(2), a; @), ... , @,-,(¢).

b) Giii hé phucng trinh d6 dé ¢ ay(t), a,@), ..., a,-,(¢) rdi thay vao (2.60).

Vi dy 39: Quay lgi ma tran A= (_02

1 . 4 el e .z s
] d3 cho & vi du 37, nhung bay gid ta s& xac dinh
A% theo phuong phap Cayley~-Hamilton. Ma tran ¢6 hai gia tri riéng 4, = -1 va ,1.2 =-2.
Dé tinh hai ham ag(9), a,() cho
Ao o] + ay(DA :
ta thay hai gia tri riéng dé vio cong thuc (2.61) va duge

[e' =ao(t)—a1(t) . lao(z;=2e.‘ —e7

~2 - ay(t) - 2a,(2) a)=ef -2
Suy ra
AL 2 1)_[ao()-2a;(¢) a,(t) e et
e =ag)l + al(t)[ -—l]—[ 0 ao(t)—al(t)),—( 0 et (]
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Vidu40: Xét ma trdn A = : : —: da cho trong vi di 38. Ma tran nay c6 cac gia trj
-1 -2 0
riéng 4,= -3bdi 2 va 4, = 5. Theo dinh 1y 2.13 thi
e*f=agl + a,(0A +axA’.
Nhir vay, vAn 48 con lai chi 1a tim cac ham ag(t), ay(t) , a(t). D& xac dinh cac ham
ay(t), a;(t) , a(®) nay trude hét véi (2.61) ta cb

e 3= ag(t) - 3a,(t) + 92,0

e = ag(t) + Ba, () + 25ag(d)
Mét phudng trinh nda ta nhan duge theo (2.62)
te 3= a,(t) ~ 6ay(t).

Cubi ciing, gial ba phucng trinh trén dude:

9 5 -3 5
y=— - 5t +—
ag(t) 4 € e (-5t + 64)

- ..3 5t -3¢, 1 3
1) =— — -t +
“® a’ ¢ ( 4 -32)

az(t)——[eﬁ' ‘3‘(8t+1)] | A | o

2 3.4 Nghiém cda phuung trinh trang théi dmg

Phuong trinh trang t.hm démng duge hidn hi 1dp md hmh t:gng t,hal

d
2 - Ax+B
dg T AET U (2.63)

y=Cx+Du
- ’ x, X X x,
trong dé :;ER“,' HE R, yer®, va cic ma trgn Aer™” Ber®, Cer®™", Der®”’

hodic $a hing (phdn ti cda ching la nhing hing s8) hefic phu thuéc vao céc tham o
khac duge ghép chung lai thanh vector tham 88 v (khong phu thude ).

Bai toan dit ra § day la phai xéc dinh dap dng y(t) cho hé thong o6 mé hinh (2.63)

khi hé duge kich thich bdi vector tin hidu w(f) d ddu vao va taj thdi didm bt ddu kich
thich #=0 hé c6 cic trang thai ddu x(0) 13 biét trudc.

Viéc xac dinh nghiém y(f) cita (2.63) thyc chi't ndm & 10i gidi cho hgrplmdng trinh
vi phin bic nhat

d
— —3 ;4
prE Ax+Bu, (2.64)
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vi tin hiéu ddu ra ¥(t) khi d6 s& duge xac dinh mdt cich don gidn la thay z(f) vira tim
dugc vao phuang trink thit 2 trong (2.63). - ‘

Nhan hai v& ctia phuodng trinh (2.64) vdi ham e A s duge

—At g=ehAtA_I_ +e A Bu
dt
- .e—Atd_.l: _e-AtA£=é—At By -
dt ‘
< dt( At;) e By (theo dinh 1y 2.11)
t 4 . ;
o [i(e_ f_“g)dr = Ie'ATBg(r)dr (tick phan hai vé)
gdf 0 .
. ; |
o e Myw-x0)= Ie_ATBE(r)dr ™ eAO--e@:I)
0
t .
o x(t) = e“:_c(D) + IeA(t_r)Bg(r)dr ) B ¢ X 15))
5 .

va d6 chinh la nghi¢m ciia phudng trinh trang thai (2.64). bé c6 dap dng y(¢) ta chi cdn
thay (2.65) vao phuong trinh thit hai trong (2.63):

i
yt)= Cle* 20 + [eA* P Bu(r)dr ] + Du. (2.66)
0

H

Néu thay u() = 0 va x(O) =g, trong dé ]a vector ddn vi, tIIc ]a vector cé phﬂn tu
thit 2 béing 1, con lai cac phan tit khac bing 0, vao (2.65) thi

x(t) = eAtEk

v d6 chinh ia vector cjt thit % ciia ma tran ham e?. Tit d6 ta c6 két luan:

Binh Iy 2,15; Vector cét thi k-cﬁa ma tran hdm e** chinh la dap ung trang thai clia hé
"(2.64) tit trang thal ban dﬁu :r(()) = Qk kHi hé khéng b1 kich t}uch (_(t) _)

Vidy 41: Cko hé théng SISO cé hai bign trang thai duge mé ta bdi
dx -2 1 {0y .. A x
-x+| |u, x=|
de Lo -1 S Z T kxg )

¥ =x,(0).

Hay xac dinh dap Gng y({t) cia he khi hé dude kich thich béi u()=1() ti t.rang théai ban
dnu ;g(O) 0.
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-2 1 . . T
Hé c6 ma tran A=( o 1] . Khi d6, theo két qua ciia vi du 37 ciing nhu 39 thi

0 et
Suy ra
tf —2t-1) —(t-7)_ _-2¢-17)) [
x®=|° ¢ ¢ {2 hryae
) 0 e -7) 1
-2t
ef ~t+r_ —2+2r 1 . e
=J[e —te+r Jdr: 2 e + 2
o e 1—et
-2t
1 - €
va == —e + . a
ay (@ 2 ¢ 2

2.3.5 Nghiém cia phudng trinh trang thal cé tham s& phu thude ¢

Bai toan dat ra & day 1a xic dinh dap tng y(t) cho h@ thong ¢6 mé hinh

-‘%;_ =A(t)x+ B(t)

y=C(t)x+ D(t)u
trong 46 xeR”, ueR’, yeR®, vi cac ma tran Aer"™ BerR™, CeR¥", DeR
phén td phu thuée ¢, '

Giéng nhu vdi md hinh dirmg, & diy céng viée ciing tap trung chil y&u vio viée tim
nghiém clia

%=A(t)£ + B(t)w. (2.68)

Ti&n hanh cic bude mét cach twong tiy nhe di lam véi mé hinh dimg, ﬁghiém’ cla
(2.68) s& cd dang gidng nhu cong thic (2.65)

t
() = ®()x0) + fO(¢-1)B(r)-ulr)-dr. : (2.69).
0

Tuy nhién ¢6 mdt sy khac nhau giita (2.69), nghiém cia phudng trinh tham s& phu thude
t, véi nghiém cla phudng trinh dimg, 12 ma tran ham ®(¢) trong (2.69) khéng phai Ia

ham mi e?* ma thay vado dé né duge dinh nghia nhu sau:

Dinh ly 2.18 (Peano-Baker): Ma tran ham @(¢) trong (2.69) 1a ma tran théa man:

¢ ¢ 7 . '
a) ®)=I+ _fA(r)dr+IA(rl)fA(rg)drgdrl + . (2.70a)
0 0 0
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b) ®(t—t,)-D(t;~ty) = D(t-ty) . - (2.70b)
c) lb_l(t—to) = ®(¢y-t), nhu vay ma tran ®() 12 khéng suy bién. (2.70¢)
d) ®(0) =1 ({1a ma trdn don vi). , (2.704d)

Cénig thite (2.70) ¢6 thé duge st dung truc tidp dé xac dinh ®(¢), tuy nhién don gian
hon ca vAn 1a nhd m6t dang khac cha né phat bigu nhu sau:

Pinh ly 2.17 (Picard): Néu ¢6 ddy ma tran ham {P(¢)] duge dinh nghia vdi

a) Pyt)=1,
t .
by Put)= [A(@)P, i (r)dr, k=1,2, - (2.71a)
0
thi
o) = 3 Pt (@71
k=0 . . : ;

Ma tran ham P(t) ¢6 tén la ma trgiﬁ Picard tBl‘I k. T dinh 1y 2.17 ta co thuat toan
xéc dinh &(¢) gdm nhitng bude sau:
1) Chon mét s6 nguyén duong N dii 16n, N cang 1dn sai s8 clia két qua sé cang nhg.
2) Dit Py(t)=1.
3) Tinh Py(t).=1,2, -, N theo (2.71a).
4) Tinh ®(t) theo (2.71b).
Trong ¢dng thitc (2.71), néu A Ia ma tran'hing thi do ’

Py(t) = At, Pyt) =A2§. e PR®) =Ak;—,:,
nén ma tran ®(¢) & chinh 1a e”’.
Tudng ty nhu dinh 1y 2.15, & day ta ciing cé:
Binh ly 2.18: Néu goi @p(t) , k=1,2, --- , 7 12 mot vector cdt ciia D (¢) thi @g(2) sé la

nghiém cla (2.68) véi u(f) =0 va diéu kién dau 2(0) = ¢ , trong dé ¢;, 1a vector don
vi c6 phdn ti thit & bing 1; con lai cac phdn ti khic bang 0.

Vi dy 42: Xét hé thang SISO c6 hai bign trang thai dige md ta bi-

dx 1 ¢ 1
—_—— = lx + i.
dt (o 1] = (1] =

Tritde tién ta ky higu
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ph ph (t)]

Py = ,
* (Pgl (&) pia(t)

trong ¢6 s5 mil k cha cic phan t& ma trin Py(¢) khong cé6 nghia liy thira ma chi xae dinh

ring né thudc ma tran Picard thit k. Véi ky hiéu nay thi

N K 0 )| {pfr P12
PL® —_£A(T)Pk—1(f’t0)dr_£[1+(0 OJ] (Pgell psi'! fr

Dé ¥ ring khi £=0 thi vdi
Piy=1,  pla®=pu(®)=0 va  pli(t)=phit)=1
5@ c6 dutde tif biéu thie thit hai trong (2.72)

L3

ph =[piit(ndr = pE () =0  véimoik.

ot~

Suy ra -
t k-1 k
[P P
Pk(t)—f[ 101 5
0
ndi cach khace
k ¢ k-1
Pi,-(t)=fp.v,-' (o, i=1,2 (k21)
P12(t) I +I'p2-7 }.it' . k21)

Tt (2.73) va (2.75a) ta di dén

it ¢t
k k-2 7 22 073k
pi=] ypi o) == pi(dr) = ==
=] Ioh [ 1ot -5 -

Thay (2.76) vao (2.75b) ta ¢t tiép

k‘ tk+‘3 t k-1
Plz(t)=m+£1712 dr (k=1).
_ he2 +i[ L Ip 2dr]d
Hk+2) o\ E-Dik+1) 5

(2.72)

(2.13)

(2.74)

- (2.75a)

(2.75b)

(2.76)
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k+2 k+2

L t ¢t -2 )
R(k+2) (k-D'k+1)R+2) g(j;l’]z (dr)
k+2 k42 ka2 )
4 { : o
- M Foot £)=0
Ke+2) (B-DUk+1)(E+2) k+2)! (Vi py3(£)=0)
tk+2 (k X ) tk+2
) ! )= 2.77
Geagp U R o @.77)
Thay céc k&t qua (2.74), (2.76), (2.77) vao (2.71b) dé tinh @ (¢) s& thu duge:
n Lk 2 w Lk
t t t
Z Fn o Z T t t2 t
o) = |40 F 2:=°kk' -1 7 o
a b L 0 t
k=0 k!

23.6 Quan hé giira md hinh trang thai va ham truyé&n dat

Ngay trong muc md diu la 2.8.1 cila phdn 2.8 vé khai niém phuong trinh trang thai
cu thé 12 cic vi du 34 va 35, hodc nhu & cac dinh 1y 2.15, 2.18, ta da it nhidu nhic dén
méi quan hé giiia mé hinh trang thai v ham truyén dat cho mét hé thong 8180. Sau
day ta sé khao sat chi tiét hon, tdng quat hon méi quan hé dé.

Pinh ly 2.19: Hé SISO véi tin hidu vao u(?) va tin hidu ra y{¢) cé ham truyén hop thirc

by +bs+ - +b,s"

G(s) =

a
ag+a;s+ - +a, 8" +s"

ciing dige mé ta béi phitong trinh trang thai dang chuan diéu khién nhu sau:

0 1 o .- 0 0
A
—@ ~0 -Qy ‘' =0, 1
5 1)
y=(bo-agh, ** byoy -G 1b,)x+buu.

Ma tran A ctia hé théng c6 tén goi la ma trdn ddn Frobenius.
Chitng minh: Goi A(s) 1a da thide mAu s6 cling nhu U(s) 1a anh Laplace caa z(@t), Y(s) 1&
anh ctia ¥(2) thi ti hAm truyén dat da cho ta cé
by+byis+ - +b,s"
A(s)

Ul(s) +b, sU(s) ¥ b, s"U(s) ]
A(s) Als) A(s)

Y(s) =

Uls)

b, (2.78a)
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X

Dat n bién trang thai x,(¢), x.(8), ... , x,(t), ghép chung lai thanh vectorx=| : | c6

anh Laplace:

_Us) _ sU(s) _s""U(s) '
Xs) = Yok X,(s) A L X,.(5) e (2.78b)
ta s& duge
' dxl
sX(s) = X,(s) = 7 = xy(t)
Xole) = Xpls) = %‘!—na(n

sXp - (s) = X (s) = % =x,().

Ngoai ra, tir X|(s) = fﬁ:; , hay X;(s)A(s) = U(s) ta con c6

apX (8) +a ;s X )+ o +apys P Xi(s) +5" Xy(s) = Uls)

& apgXy(s) +aXps) + - +a, Xn(s) +s X, (s) = Us)
dx, (t) _

< agx) () +axelt)y + - ta, x,0)+ a0t w(t)
%'titl = —-agX — @, Xg— - ——an_lxu+u(t). (2.78¢)

Tin hiéu ra y(t) duge xac dinh tix (2.78a), (2.78b) nhit sau:

Y(s) = bo X () + by Xp(s) + -+ + by Xpp—1(8) + by 58X, (s)

o dxe, (¢
< ) =box () + b xa{t) + - b x,(0) +H, c’tlt() (2.78d)

Cudi cung, thay (2.78¢) vao (2.78d) duge

¥y =(bg-aghy) x, + (b —aybp) xa + -+ +(bp —ay by x, +buu. O

Pjnh Iy 2.20: Hé SISO véi ddu vao u(f) va diu ra y(t) co ham truyén hgp thitc chit
by +bys+ - +b, 8"

G(s) = : e T
ag+a;§+ - +ﬂn_ls + 3

ciing duge mé ta béi phuong trinh trang thai dang chudnr quan sdt nhu sau:
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0 0 0 —ag
1 0 -ﬂ] b()
dx . . n
—'t:= 01 -0 -ay 1x+) : |uvil xeR
T - by )
00 --- 1 hall Y]
y=0 0 -~ 1

Chizng minh: Xuat phat tir ham truyén dat da cho va goi U(s), Y{s) 13 anh Laplace cta
uft), y(t) ta cé

agY +a;sY+ - +a, 8" Y +5"Y=bU+ b sU+ - +b, 5" U
e Nyi y, aOay,y by b il by
" sn-l . s s" sn—l s

& YO =_[brU-a) + [ 42 [G,U- 0D+ [0~ a¥)] - ]

Dat n bién trang thaix, (1), x4, --- , x,(f) sao cho ching c6 auh Laplace:

X,(s) =§(bUU—aoXn) = %=—aoxn(t) +bou
X, (s) =i-(blU-a1Xn+X1) = %=—a] £ 0 +x,(8) + bz
X, (s) = -i» G- U-a, X, +X, )= % =—a, %, ) Fx, (8 + b, u
ta sé duge
Y =X (5 = y(@) = x,(t). . ] o

Dinh ty 2.21: Hé SISO vd1 mé hinh trang thai
E!_i =Ax +bu
dt = =

y=cTx+du

nxn nx1 1Xn
, b

trong d6 xeR"”, AeR beRr , CER , de€R , cé ham truyén dat la

G =cT(sI-4) b + d.

Chitng minh: Chuyén hai vé& cGa phuong trinh thd nh&t sang mién phdc nhd toan ti
Laplace va dé y ring cac gia tri diu x;(0), i=1,2, ... n déu bing 0, ta sé c6

sX(6) = AK@ +bUE) e (sI-A)K6) = bULs)
= X)=(6I-A)" bUE).
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Tuong tu, anh Laplace cia phudng trinh thid hai 1a
Yis) = ¢ T X(s) + dUG).
Véi hai két qua trén ta suy ra duge didu phai chiing minh:
Yo = [c"(s1-4)""8 + d1Us). o
Dinh ly 2.22: Xét hé SISO ¢6 ham truyén dat

G(s)=b0 +b18+ v +bmsm )

ag +a;5+ - +a,s"

Goi hiéu r = n-m 14 bdc tuong déi chia hé. Vay thi bac tudng d6i d6 efing xac dinh
dugc tit mé hinh trang thai tudng dng

X _Axstu

dt - T, :_c_ERn,AeRnx",QER"KI,QGRH".deR,
y=cz+du '
nhu sau:

cTa*p=0 khiOsk<r-1 va  ¢TA™ b0

Chung minh: Theo dinh nghia cf;_a bac tuong d6i la higu r = n—-m ta ¢é

lim s” G(s) = b lin s [T sI-Ay b +d] = o (theo dinh 1y 2.21)
L 1] un 8=y (],'.l
w T,k
= lim{ ¥ gkA é+s,-"d =b—’". (theo dinh 13 2.11)
5ol a0 g +1—_F a,
Nhung vi
lim——— =0 khi k>r1
s g L

nén chudi trén tré thanh téng ctia hdu kan r phin ti ddu tién

r-1.T Ak r-1 .Tk
lim{): ¢ 4 é+s’d}= Lim E-ELQ-+ lim s"d=2m

S§—»00 k=03k+1—r e..,_,,‘,,Jk=osl'~z+l—t: s ap,

T day, 48 v& trai bing gia tri hitu han o thi cdn va da la:

au
¢Ta®b=0  khioOsk<r-1
<A™ 1p20
va -
d=0 néu r>0. ,‘ o

Ciing tif phén ching minh dinh 1y 2.22 ta ¢6 thém mét két lnhn nita:
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Pinh ly 2.23: Hé tuyén tinh véi mé hinh trang thai

dx

o _ Ax+bu
at X+ 0
y=cTx+du

c6 d=0 khi va chi khi ham truyén dat clia né 1la ham hgp thic chit (n<n).
Vi du 43: Cho hé théng SISO c6 hai bién trang thai duge mé ta bai
1 -1 2 1 -
g = 2 x+ i, = A= , Q = 1
dt {0 3 2 0 3 2
y=(2 1).;, = gT=(2 1) v d=0.

Theo dinh 1y 2.21, hé ¢6 ham truyén dat

-1
Gis)=cT(sI-A) ' b+d=(2 1)(382 ‘1] ("1)

_ 1 (2 l)[s-a 1 ](-1]= i 6
(s-2)(5-3) 0 s5-2)\2) s*-53+6

Nhur vy, ta thiy hé cé bac tuong déi la r=2. Gia tri nay cing c6 thé trye ti€p tinh dge
ti mé hinh trang thai nhi saw

B 1)(‘2’1)=o
‘ cTAb =(2 1)[5 ;]['21}(2 )['21]=8¢‘0,

ticla r-1 =1, hayr=2. ‘ (m)

b

Cudi cang, dé két thiic myc nay ta s& tim méi lién hé gi¥a da thic dic tinh cha ma
tran A la det(sI-A) v6i da thitc mAiu s6 cha ham truyén dat G(s) 1a A(s). Xét he SISO
dimg c¢6 mb6 hinh trang thai va ham truyén dat nhu saw:

dx ’
d—;=A:_r+éu G(s)=b0+b1s+ - +bms™ _ B(s) @.79)
y=cTx+du g +ags+ - +a,8"  As)
trongd6 Ae k™™, ber™ ! cer'™®, deRr .Theodinhly 2.21 thi
G =B - Teroayp+d.
Nhimng do
(s7-A)"! =——5-'15'!'~’;—~ (muc 2.3.2 vé ma trAn nghich ddo)
det{s/ - A) T )

150



vl Zadj 12 ma trén cé cc phin tit ;= (—1)i+jdet .KJ,-,- , trong d6 ma tran Eﬁ thu duge tu
(sI-A) bing cich bd di hang thé j va ¢t thit { (bé di hang va ¢t chita phin ti 461 xing
véi @), nén
e
e Aggib -
adj < .

B(s) _ T,y Ayl _ <
A(s) © (sI-4) "b+d det(s] — A)

Tix d6 ta suy ra duge:
Dinh ly 2.24: Gida mb hinh trang thai va ham truyén dat cho trong céng thic {2.79) cia
hé tuy&n tinh SISO cé quan hé:
A(s)=agta;s+ - +a,s =det(s]-A)
va

B(s)=bg+bys+ - +bys™ = T Ay b + ddet(sI-A) .

2.4 He khong lién tuc va hé rdirac
2.4.1 Phan biét hai khai niém

H¢ khéng lién tuc la hé thdng c6 cic tin hidu vao u(t), ra y (©) déu la nhitng tin higu

khéng lién tue, tic 1a loai tin hidu c¢6 mién xac dinh 1a tap diém khéng lién théng véi
nhau (muc 1:1.2, chuong 1), vi du nhu tin hiéu xung. Tudng tu, hé roi rac 1a hé théng c6
eéc tin hidu vao ra dang roi rac (mién gia tri la tap diém khéng lién théng).

Trong img dung, tin hiéu xung néi riéng va tin hidu khéng lién tuc néi chung
thudng khéng c6 ¥ nghia. Chung hay duge chuyén sang dang lién tyc-rdi rac Ta 1oy viéc
trich mAu tin hidu x(¢) va dua vao bé diéu khién 1a may tinh lam vi du.

Trudc tién x(f) dude "trich" miu thanh day cac gia tri (x,], véi x, = x(kT,). Day gia
trj {x;} nay chinh la dang khéng lién tuc clia x(£), néi cAch khac {x;} 14 tin hiéu khong
lién tuc. Mién xac dinh cta né 1a tap cac diém khong lién théng:

{t=kT, | & ez}, Z la tap cic sé nguyén.

Ti€p tue, tin hidu khéng lién tuc {x,} duge roi rac thanh [ ¥, } véi ¥; 12 sé hitu ty ghn x;, '
nhat 48 dua vac bd didu khién (may tinh) xit 19. Ly do cho viée rdi rac 6 1a vi may tinh
khéng lam viéc dudc véi s§ vé ty V2, \(?:, 7, ...). Nhu vay { %, | bdy gid la tin hidu
khéng lién tuc-rii rac.

Mac dd ddu vio ctia bé diéu khién c6 vé nhut la tin hiéu khéng lién tue—rdi rac
{ X, ), song trong qua triuh xd 1y, thuat toan diéu khiéu da c6 thé sit dung nhidu lin gia
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tri %, chi khong nh4t thiét chi si dung mét ldn vao ding thoi diém ¢ = kT, , titc la c6

thé & ca nhiing thoi diém khac trong khoang AT, < t < (k+1)T,; n6 vAn c6 gia tri 1a %, .
Diéu nay chi ring thuat toan da khoéng thudn tuy lam viée véi tin hién khong lién
tuc-rdirac { ¥z | ma la vdi tin hiéu Yién tuc—rdi rac x(¢) duge tao tit { ¥ |} nhu sauw:

() =% khi kT, <t < (k+1)T,. (2.80a)
Khdng lién tuc—rdi rac Lién tye-rdl rac
- { %) x() N
{ Xk } — GZOH(S)‘—') x(t)
U R S :
T, T,

Hinh 2.57: Tin higu khdng li&n tuc—edi rac va tin hiéu lién tuc-rdi rac

Viéc lién tuc héa tin hidu khéng lién tuc | X, } thanh tin hidu lién tue x(t) theo
cong thitc (2.80a) duge goi la gif tin hiéu bdc 0. Bé didu khién trong may tinh duéi dang
thuét toan khéng phai la hé théng khong lién tuec ma thuc chit né Ja hé théng roi rac vi
¢6 thém khau gid tin hiéu bac 0. Khau gii tin hiéun bac 0 duge ky hiéu la ZOH (viét tit
ciia Zero Order Holding) va cé ham truyén dat:

1-¢Ta :
Gzonts) = — (2.80b)
H&§ khéng lién tyc Hé rdl rge
— ———
ul) tu,) YO Ay, u®) {g,) h163 yO {3
— G(s) — -——7"-‘.—> Gzou(s) G(s) 2
Trich m3u . Trich mau !

—

va rgirac ™~ —
Hé khong lién tyc - 1dl rae
Hinh 2,58 Phan biét hé khong lién tuc va hé rdirac



Hinh 2.58 trén day md td lai mét cach triuc quan nhing diéu vita duge trinh bay tai
vi du trén. O hé rdi rac hinh bén phai, néu ghép chung Gyop(s) véi G(s) thanh

G*(s) = G(s)-Gzouls) = (1 —ea )?

(2.80c)

thi G*(s) ¢b cac tin hiéu viofra khonug lién tuc nén né la hé khong lién tuc.

2.4.2 Day trong lugng, ham truyén dat va phuong trinh sai phan

Xét mot hé khéng lién tuc-cho trong hinh 2.59 véi tin hiéu khéng lién tuc ddu vao
{uy,) va tin hiéu khéng lién tuc ddu ra {y,} (hé khong lién tuc). Néu sit dung ky hiéu
ham ring luge s(¢) da ditge dinh nghia d muc 1.4.1, chuong 1 thi nhing tin hiéu khoéug
lién tuc d6 viét duge thanh

{uyl = %u(t)c‘i(t -kT,) = u(t)s(t)
ke | we oy, Yy,
lyp) = TS - kT,) = yO)s(t) — > G |

k=—c0

. Hinh 2.53: Hé khéng lién tuc
trong dé " ' gl

o

st) = Zﬁ(t ~kT,)
P k:—m

1a ham rang luge va phép nhin gifta ham thuong x(t) véi &t—£T,) trong ham ring luge

() phai duge hiéu theo nghia ham md réng (1.2¢) cho trong muc 1.1.3, chuong 1, tie 12

Pinhnghia " «
x()K-kT,) = [x(£)5(t - kT )dt = xkTy).

—00

V& 1y thuy&t ham mé rong, ban doc ¢6 thé tim thdy phdn tom tit mét cach tdng quat
trong tai héu [11]. '

Day trong luong

Vi cach bidu didn tin hiéu khong lién tuc nhu mot tin higu lién tuc theo nghia ham
md réng vita trinh bay thi tit quan hé vao-ra cia hé lién tuc (2.6b) cho trong muc 2.1.2
a
y@) = j'g(t - u(r)dr ' : {(2.81a)

ta sé c6 sau khi trich mau y(¢)

y() t-kT,) = [u(r)gt- )6 -kTy)dr= [ul(r)ghTy ~v)dz

—o -

& yp= [u(n)gkT, -dr. ‘ (2.81b)

—aD
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Tiép tuc, néu trich mau u(7) trong (2.81b) ta duge

i = [ kT, -7) iu(r)é(r—mTa)dr

- m=-—a

= i {g(kT, —Tha(r)6(r ~mT, Mt = ig((k—m)Ta)u{mTa)

M=—m—g m=~m
= ng_mum . (2.81¢)
m ===

Nhut vay,; ¢ hé khong lién tuc thi bén canh cdng thic (2.81a) quen thude ta con c6
thém (2.81c), trong d6 diy {g,} chinh la tin hidu khéng lién tuc thu duge tir ham trong

htgng g(t) véi chu ky trich mau T, .
Dé y thém u(f) va g(t) 1a nhing ham causal, tic la g;, = u;, = 0 khi k<0, s& cé:

Dinh ly 2.25: Xét hé ¢6 ham truyén dat G{s). Néu tin hidu vao u() va ra y(£) ciia hé la
nhitng tin hiéu xung {u,}, {¥,} c6 chu ky trich mau T, thi bén canh nhitng phuong
phap mé ta da biét, ta sé c6 thém mé hinh khong lién tuc cho hé nhu saw:

k
Ye= 2 EBk-mbm > (2.82)
m=0 . ,
trong d6 {g,} la day trong lugng thu duge tir ham trong higng g(t)= 2 G},
bing cach trich mawg(¢) véi chu ky trich mau T, .

Theo ndi dung dinh Iy 2.25, dé ¢6 m6é hinh khéng lién tyc (2.82) cho hé c6 ham
truyén dat G(s) ta cin thyc hién hai budc sau:
1) Xacdinh g@)=4£"{G()).
2) Trich miu g() vdi chu ky T, thanh day trong lugng (g, ).

Vi du 44: Hay xac dinh m6 hinh khéng lién tuc (2.82) cho hé cé ham truyén dat

1

O Tz

khi cac tin hiéu vao u(t), ra y(t) cé6 dang xung véi chu ky trich mau T, = 0,1s.

Theo hai budc phai lam vixa trinh bay ta cé:

3 - 1 -t  -05¢
1) ghy=a ™ —— 2 =gt 05,
) 8@ {(1+2s)(1+s)}

%) g,= g 01k 005k

Vay
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k k
= -0,1¢k- ~0,05(k-
Vo= Y Ehomlm= Y [e 0,1¢k-m) _ ,-0,05(k m)]um
m=0 m=0

Hinh 2.60 1a dé thi biéu dién day tin hidu dfu ra {y,] khi hé duge kich thich béi tin hiéu

khéng lién tuc uy, = 1 & ddu vao. 0
h

051 {¥k)

0.44

Hinh 2.60- Dap img clla hé khong lisn tuc
cho trong vi du 43 khi hé duoe kich

thich bling 1in hidu wp=1. 0.0

Hém truydn-dar
Chuyén hai vé etia céng thic (2.82) sang mién phic nhd toan ti Z, dic biét 6 su
dung tinh chat 5) v& anh ctia tich chip cia toan ti Z (muc 1.4.2, chuong 1), ta c6:
Y(@) = Gi2)Uz)
Y(z)

< Giz) = U)’

(2.83)

trong d6 ¥(z) 1a 4nh Z caa {y,}, U(z) 1a anh Z ctia {u,), G(z} 12 dnh Z cia {g,}va G@)
dudc goi 1a ham truyén dat cia hé khong lién tuc. N6i cach khac ham truyén dat clia hé
khéng ién tuc duge dinh nghia nhtt 1a ty s6 giita anh Z clia tin hidu ra { ¥,J va dnh Z cha
tin hidu vao {u,}.

G(s) —-—> g(t) M i }——;-G(Z)

Hinh 2.671: Xéc dinh ham truyén dat
cho hé khéng lisn luc. W

Chia y: Mac du viét G(z), song khong cé nghia la ham truyén dat G(z) thu duge tit
G{(s) chi don gidn bing cach thay s=z trong G(s) 1a dutge. Thuc chét, G() 1a 4nh Z cha

{g;] nén nod duge xac dinh tit G(s) qua cac bude (hinh 2.61):



1) Xacdinhg@) =£{G(s)).
2) Trich mau gt) v8i chu ky T, thanh day trong lugng {g,}.
3) Chuyén |g,} sang mién phitc nhd toan t& Z d& o6 G(2).
(4 ba budc tinh trén cé thé duge thay thé don gié.n-nhb anh xa
3: Gis) G2) hay G() = 3|G(s)]. (2.84)

v6i cong thie dinh nghia (1.38) da cho trong muc 1.4.4 ctia chiodng 1 nht sau:

c+ Joo

@)= Tg0) s | —T s
2 27 o jin 2 _e?Ta
.. 2r
hoic G)= Ag(+0)+— ZG(S+JkQ) vai Q=2%
Ta k=——ow STa Ta

z=e

Tuy nhién, nhu di néi ¢ muc 1.4.4 (chuong 1), viée thu.c hién phép chuyén déi (2.84)
cho hé tuyén tinh don gidn nhat vin 12 st dung bang tra 1.1 (trang 35):

1) Phan tich G{s) thanh téng tuyén tinh cia nhimg thanh phin G (s); Gy(8)y ... , don
glan, ¢6 trong bang tra 1.1:

Gis) = ZaiG; (s)

2) Tra bang 1.1 d¢é duge Gz}, Gofz), ..., dng véi G(s), Gyls), ... .
3) Tinh G@) =Y ¢;G;(2)
i

Vi du 45: Cho hé tuy&n tinh mé ta bai
25 ¥ 11 '
s +3s+2
Biét ring hé ¢6 cac tin hiéu vao ra khoéng lién tuc dang xung vidi chu ky trich -miu
T,=0.1s. Hay xac dinh ham truyén dat G{).

G(s) =—

Phan tich G(s) thanh téng tuyén tinh cac ham don gian dudc:

-7 9
+

G .
&)= s+2 s§+1

Tra bang 1.1 ¢6

1 z z N 1 z z
= = va = = .
vz z—e s 2-08 _ Ay z-ela 2-09

Vay

. .
Gz) = -1z 9z _ - 22°-09 -
z-08 z—0,9 2z -172+0,72
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M5t s6 tinh chdt cd ban cha todn tit 3 thudng dude s dung la:
1) N&u G(s) la ham thyc-hiu ty thi G@) =3{G(s)} ciing 1a ham thyc-hiu ty.

2) Néu G(s) c6 mdt di€m cuc sy, thi tuong dng G(z) s c6 mot diém cuc z, = eskTa .
3) Ung véi hai diém cye s, , 5, clia G(s) thoa man s, ~ s, = -31—ﬂnj chi ¢6 mét didm cyc
a
z,= ¢ 76 trong Gz).
4) N&u G(s) la ham bén thi t4t ci cac diém cuc z, clia G(z) déu nAm trong dudng trén
don vi, titc 1a |z, (<1,

5) N&u G(s) 1a ham hgp thitc (bic cua td s6 khéng 16n hdn bac ctia mau s6) thi G{z)
cang la ham hgp thitc.

6) Noi chung bac clia da thic miu s8 trong G{z) bing bac cha da thitc miu sé trong

‘G(s). N&u G(s) c6 it nhat hai diém cyc s, s, thoa man s, - s, = %‘Enj thi béc cta
a

da thdc miu sd trong G{z) sé nho hon bac clia da thirec mAn s8 trong G(s).

Phuong trinh sal phan
Xét mét hé thong khéng lién tuc ¢6 ham truyén dat G(z) thL_IC—hfIl.l t¥ durge bién déi

thanh ham cta z~ ! nhu sau

Y(z) _ b +b 27! +---+bnz'"

G@z) = - (2.85a)

U(Z) 1+0:le1 +otazz
Ta co. the thlIc hién viée chuyén d6i G(z) thuc-hitu ty thanh ham theo déi s6 z ' dang
(2.85a) mot cach don gian 14 chia ca da thuc tit s6 va mau s8 cho z_n.‘
T (2.85a) ta c6
A+az '+ a2 )Y @R) = (ot bz '+ -+ b, 27 )UG).

Tiép tuc, chuyén ngude phuong trinh trén sang mién thii gian bing toan tit Z ngudc co
dé ¥ dén tinh ch&t dich trai 3) trong myc 1.4.2, chuong 1 caa toan tif Z, sé dutgc:

Yetarypat o rap Y, T houpt byt by, : (2.85b}
Phudng trinh (2.85b) cé tén goi la phzto‘ng trinh sai phan Né cho phep ta xéc dinh
duge gi tri y, tai théi diém t—kT cuia tin h1eu ra theo nguyén tac truy héi tit day hiu
han n+1 cac gia tri tin hiéu vao wy, uy-y , ... , 43—, cing nhu n gia trj cua tin hiéu ra da
COYp1 2 ¥i—2 s wv » Yp—p O Dhiing thai diém trude dé: |

n
= 2(bup -y, ag=0.
i=0
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Chi ¥: Khi sit dung cdng thite truy hai trén dé xac dinh y, thi tat cd cac gia tri y; , u; c6

1
chi s5i<0 s& duge xem 12 béng 0, vi {y;}, {1,] 12 phitng tin hidu causal. Chdng han:
o= boug .
¥1=bguy+ biug — ey

¥o= botgt byuy + borrg ~ a1y — asye

24.3 Paisd so dd khéi hé khong lign tuc

V& nguyén téc, viée bién ddi so d6 khoi cia mét hé khéng lién tuc cing duge thuc
hién gisng nhu & hé lién tuc da duge trinh bay tal mue 2.1 3 ngoai trit mdt diéu ludn cdn
phai dugc chu ¥ 1a cac khoi khang lién tuc phai cé cic tin hidu vao, ra dang xung va ciing
chi 4 khéi khéng lién tuc méi c6 phép bign déi 7: G(s) - G(z).

1) Hai khéi néi tiép:
Bl : - £ e e
Hinh 2.62a) va b) md t& hé théng khong lién tuc gém hai khdl méc nai tiép. Trong

khi 3 hinh 2.62a) c& khau trich mAu ndm giita hai khéi thi d hinh 2.62b) hai khé&i duge
ndi tryc ti€p véi nhau.

Q) b}
u®) o, x® x, @ oy, wlt) o, x(®) Y@
—/{G,) Gy > — 6o l>ee >
— - y o L —_— .
G@) =3G9} 31 G,(®) ] = 3 G@) =31 Ga(s)-G\(s) ]

Hinh.2.82. NGi t&p hai khéi (ch ¥ &1 khac nhau v& ham truyén dat luong dudng).

a) Ca haikhdi Gy(s) va G(s) ¢ hinh 2.62a) déu A nhitng khéi khéng lién tuc nén;

Uﬁ; =31G,6)] = Gyl2)  va Gz()'Y((z)) =31Gy(s)] = Gyla).

Suy ra ham truyén dat tuong dudng cia ching 1a

Y{(z) _ Y(z).X(z)
U(z) X(z) U(z)

Nbéi cAch khac
G@) =31 Gae) }- 31 G ().

1(2) =

Giz)= = Galz) G, (2).
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b) Ca hai khdi G,(s) va Gy(s) d hinh 2.62b) khong phai la khéng lién tuc, vi x(2) &
day la tin hiéu-ra ciia G,(5) déng thdi efing la tin hidu vao ciia G,(s) 1a tin higu
lién tuc. Nhung toan bd hé théhg véi ham truyén G,(s)-G,(s) lai la h khéng
lién tuc, bdi vay ham truyén dat tudng duong G(z) cho ca hé sé la:

G@) =3[ G4(5)Gifs) ).

2) Hai khdl song song:

Hé gom hai khéil ndi song song dugde mé ta
¥ o L Sone song CUeE ) b, G T1YD
trong hinh 2.63 ¢6 tin hiéu vao ra déu 6 dang /
xung. Céc tin hiéu nay ciing la tin hidu vao/ra cia Gy |1t
timg khoi. Bdi vAy mé hinh khéng lién tuc G()

chung cho ca hé sé la Hinh 2.63; Hé ¢b hai khéi song song.

G2) =31G,(5)] £ 31Gy(8)) = G(2) 1 G4(2).

3) H¢ hoi tiep:
Hinh 2.64.mb tid hé hdi ti€p vdi hai truong hgp khac nhau: Tin hiéu héi tiép vé la
xung (hinh 2.64a) va 1a lién tuc (hinh 2.64b).

a) b)
u@) e®) o, Oy, ut) elt) o, yo& oy,
— G\ {8) | e > —» G ,(s)] —_—
0 )
Go(s) € —1Gofs)
\ ) L —
36,9} 36,9}

G = G =
O e epGe * O = 3366

Hinh 2.64: Hé hbi tiép.

O cé hai trigng hop, tin hidu u(®) ¢6 v& nhu khéng dude trich miu. Song do trong
e(?) c¢6 chda w(f) nén khi trich maun e(?) ta 44 trich mau ludn ca w(t). Nhu vay hé théng co
tin hidu vao khéng lién tuc. Cong thém viéc trich miu y{£), hé cling ¢6 tin hiéu ra khéng
lién tuc. Bdi vay hé hdi tiép da cho chinh 13 hé khong lién tuc va dé mé ta toan bo hé héi
tiép trén ta c6 anh G(z) duge tinh nhu saw:

a) Trudng hgp héi tiép tin higu xung {y;| (hinh 2.64a):
Y@) =31G,))ER) = G,(DEE) véi E()1a anh Z ca [y,
= G,@MUGE) + X(@)] = G,IUe) £ G.&)Y(E)]
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Suy ra

Y(z) _ Gy (2)
U(z) 1FG(2)Gy(z)

b) Trudng hop hbi tiép tin hidu lién tuc y(¢) (hinh 2.64b):-
Y@ =G@ER) =G @lUE) t3{X(s))] = Gi@[UE) 3 Gxs)Y(9))]
= G,@[U@) £ 2 Gx)G($E@E) }] = G @) UE) £ 2{Gy(s)G ((s)} E@)]

Y@ 3
Gl {z)

[1 F G,@Ge)YR)YE) =G,)Uk) & G@)=

=G,@UE £ GG}

Suy ra
OO = T TG
Vi du 46; Xét hé c6 mo hinh so dd khdi ch§ trong hinh 2.65. T sd dé khéi d6 ta cé:
Y@) = GG 1 E) = G12)CyDE ) |
= G,@G@UE) - 3G Y6)) ] = G1@DG,@UE) - 31 Ga6)Gy()X(5))]
= G,@ G U ) - 31 G56)Go(5)} X(2)]
= G,@G@LUE) - 1G46)Go() G, ER)]

Y
= G@)C,@)[U) - 31 G5)G(9)1G12) "GT(?)(EZ;)T{) 1
_Y@)_ G,(2)Gy(2)
Vv ce) U) 1+ 31G3(s)G3()]-G1(2) | a
u®) e®) o . o,

=S
Hinh 2.65: Minh hoa cho vi du 45, Gals)

Vi dy 47: Khi cai dit mét hé théng véi ham truyén dat G(s) 1én may tinh (hogc cic bd vi
xit 1y, vi di€u khién), hé sé c6 cfu triic so dd khai nhw hinh 2.66 mé ta, trong d6 Gzop(s)
12 ham truyén dat ca khédu gid tin hiéu bac 0 (muc 2.4.1):

l_e—sTa

Gzouls) =

Toan bé hé théng trong may tinh s& c6 ham truyén dat
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G*(=) = [1 —e

1, )00
s

Nhutng do hé théng G*(s} trong may tinh c6 tin hiéu ddu vao { &, }, ddura | 5, | déu la

tin hidu xung nén né cing 1a mét hé khéng lién tuc va nhu vy bén canh ham truyén dat
G*(s) dang lién tuc né con cé md hinh khong hén tuc nhir san:

- -1 p
@ =510 = -2 g G2y = 2215 OO ) o
s z s
u@) |, ) ut GIEN
5L 6 st vao e — 74— Grouls) | G 4>
Hinh 2.66: Cai dat hé thdng vao mdy tinh. Trich m&d )
Minh hoa cho vi du 46 va rdi rac

244

M6 hinh trang thai ctia hé rdi rac cé tin hiéu ra khong lién tuc

Véi cac hé cé tin hiéu vao roi rac, tin hiéu ra khéng lién tue, thi bén ¢anh md hinh
trang thai chung ma ta da bist & phan 2.3 s8 con c6 mét md hinh trang thai kidu khac la
mé hinh trang thai khéng lién tuc thudng duge dung kha phé bién trong cac cdng viée
diéu khién 6 sit dung k7 thuat sd.

{i, ) u(t)
o— 9 o—
T 1 11 1 T
o— i1l
I T T B T B B
ron B R
t T T O T TR T (R
T, 38T, 5T, 1T, 9T, T, 3T, 5T, T, 9T,

Hinh 2.67. Tin hiéu dau vao dang lién luc—rdi rac cha hé thdng.

Xét mot hé thdng MIMO c6 ddu vao &(2) dang lién tuc-rdi rac

E@) =&, khi kT, <t<@k+DT, (2.86)
thinh 2.67), ddu ra { Y, } dang khdng lién tuc va mé hinh trang thai lién tuc

dx ~

—==Ax +B 2.87

g AxtBu (2.87a)

y=Cx+Du (2.87b)
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trong dé xe R” la vector n bién trang thai, i e r” 1a vector r tin hidu vio, yer’ Ia

" X X, x x _ L. . »
vector s tin hidu ra, AeR™ ", BeR" ", CerR® ", Der® " 1a nhitng ma tradn cé cac phan tu

1a hing.

Theo két qua ctia myc 2.3.4 va 2.3.5 thi phuong trinh trang thai (2.87a) c6 nghiém:

1
x(t) = ©(£)x(0) + [®(t-r)B-L(r)-dr.
0
trong dé

o(t)= e =Y (sT-4)7"Y,
Khi trich miu hai v& cha (2.88) tai diém t=kT, ta dugc:

kT,
xp =x(kT) = ®(kT)x () + [DRT, - 7)B-i(r)-dr.
0

Cang nhu vay néu trich mau (2.88) tai t=(k+1)T, sé cé:

R+1)T,
Laer T2 G+DT] = O[R+DT Iz @) +  [ol(k+ DT, - 718 &(r)-dr
0

va néu dé ¥ ring ® [(+1)T,]= @ (&T,)® (T,) thi

kT,
201 = (TH[ORTYzO) + [OKRT, -0)B-T(r)-dr ] +
0

(k+1)T,
+ j¢[(k+1)Ta -71B-i(r)-dr
kT,
(R+1)T,
=®(TPx, +  [Ol(k+1)T, -71B-G(r)-dr,  vi(2.89)

BT,

Nhung do c6 gia thiét (2.86) nén
(k+1)T, T,

[@lk+ )T, - 71B -&(r)-dr= |D(t)dt-B -z,
kT, 0
H

(2.88)

(2.89)

Bdi vay, hé réi rac véi tin hiéu ra khéng lién tuc cém ¢6 md hinh khong lién tyc nhu sau:

xpe1 = O(T)x, +H-2,
Zk=C£’t +D-§k,

trong dé

162

(2.90a)

{(2.90b)



T
H= [o@dt B. (2.90¢)
0

Vi dy 48: Xét hé 81SO vai tin hidu vao u(z) 1a réi rac, tin hiéu ra ¥(#) dang khong lién tuc
>}, trong d6:

#@t) =i, khi kT, st<®+DT,, vA  y,=yk&T), T,=0,1ls.

Hé ¢6 md hinh trang thai

dx (-1 O 1) o _
E—(O _2)3_c+[Ju(t), y = (1 1).‘5.

T

ta cod

-0.1
_le 0 . 0,9 0
Q)(Ta)—( 0 e_o_z)_[ 0 0,81)

037 ¢ o1f ¢ 1-e ¥
_rtle 0 1 _ e _ e _f 01
= 5( 0 e'zt) [1) dt {(e—w) dt [%(l—e'o"“’ )J (0.095]'

Vaiy mé hinh khéng lién tyc ctia hé Ia

s =0 Qg+ [ Mz, y=a 1. o
0 081 0,095

Thém nita, tir md hinh (2.90) ta con thiy:
x1=0(Tx + H-&E
2= 0Tz + H &, = [0(T)P 20+ ®(TYH g+ H &)

2= O(Tolzy + H i, = [0(T)P x + 0@ H 8y + O(T)Hi, + H-,

Siy ra:
Dinh Iy 2.26: H2 rai rac MIMO véi ddu vao &(t) lién tuc—rdi rac
u(t) =, khi &T,<t<E+1)T,

déu ra |{ Y } khong lién tuc va duge méb ta boi
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-~ 5 X X x x
=, zxer” Zer’ yer® Aer™" Ber"™ CerR* ", Der®"

sé& ¢6 vector ciAc gia tri trang thai va tin hiéu ra la

h-1 . .
2 =[e@ )z, + 3 [T Ha,  (2.91a)
1=0

y,=Cxy + DI (2.91b)

245 Vaidiéuluwuy

Giéng nhu phép & rdi rac vdi toan t Z da duge ndi tdi tai mye 1.4.4 cta chuong 1
{trang 34), md hinh khéng lién tuc G(z) thu duge tir G(s) thong qua toan tlr 7, hay md
hinh (2.90) thu dugc tir (2.87) nho viée trich m&u nghiém x(¢) chi 13 mét trong vé sd cac
md hinh khéng lién tuc khac ¢6 cing ngudn gdc ti md hinh lién tyc. Ching han nhu:

1) Msb hinh khéug lién tuc x4p xi loai 1:

d X -X PR sroYria 2 a1 .
a) thay 92 o 272k cho mé hinh trang thai ién tuc dé c6 mé hinh trang thai

di T,
khéng lién tuc,

z-1

b) thay s trong ham truyén dat lién tuc G{s) bing dé ¢6 ham truyén dat

a
khéng lién tuc G(z).
2) M5 hinh khang lién tuc xap xi loai 2:
dx X, —Xp

a) thay TR T, cho mé hinh trang thai lién tuc dé c6 mé hinh trang thai
khéng hén tuc,

b) thays= :;1_21 trong ham truyén dat lién tuc Gis) dé ¢6 ham truyén khong lién
tuc G(z), ’

20z-1) o
m dé co G(Z)

déu la nhitng mé hinh khéng lién tuc ¢6 ciing mét ngudn géc.

3) Céng thic Tustin: Thay s trong G(s) bang

Tuy nhién, mé hinh khéng lién tuc G{z) thu duge nhd toan tu §, hay (2.90) nhd trich
méau nghiém z(f) vin dude st dung nhigu nhat. Ly do don gian chi 13 vi ching ¢6 ban
chét dong hoe (tinh 8n dinh, tinh didu khién duge ...) hoan toan giéng nhu mé hinh lién
tuc géc ma diéu nay d cac mé hinh khéong lién tuc khac khéng c6 duge. Vi du, nhu sau
nay ta s& thiy, méd hinh thu duge véi viéc x4p xi loal 1, loai 2 hay e¢éng thie Tustin néi
trén thuéng dén d&n mét mé hinh khong lién tuc khong 8n dinh ‘trong khi mé hinh lién
tuc géc ciia chung lai 6n dinh.
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Cau hoi dn tap va bai tap
1) Cho hé gém m(}f 16 %0 c6 hé sé dan hoi ¢, mdt vat co khéi lugng m nhu hinh 2.68a)
md ta. Xac dinh phudng trinh mé ta chuyén déng cia vat dudi tac déng cla Iuc u(t)
vio vat c6 dé ¥ dén luc ma sat tinh véi hé s8 3. Hé ¢6 tuyén tinh khong va tai sao?

2) Hinh 2.68b) m6 ta hé gém ba 16 xo cé cing hé s6 dan héi ¢ va hai vat v3i cling khéi
lugng m dang J vi tri cin bing. Tai thoi diém ¢=+0 vat thi hai bi mot luc tite thoi
danh bat ra khoi vi tri cAn bing v8i van téc vy. Bé qua lyc ma sat, hiy xac dinh
phuong trinh chuyén déng clia vat thit nhat. Hé ¢6 tuyén tinh khéng va tai sao?

ay b)

- € 7 q © I ¢ 2 ¢
1w {=+-0
y - —_ :

Y1 Yz

Hinh 2.68. Minh hoa cho bai tap 1 va bai 8p 2.

3) Xaec dinh xem nhithg hé nao trong s8 cac hé sau 12 tuyén tinh, tuyén tinh khéng
dimg va tuyén tinh tham sé rai.

d’y _dy du 4 dy 2 du
a ——+2—+3y=—+5u b " —+cos(t*)y=b—+2u
) dt? dt Y dt ) di @y dt
. ldx [xxgtu
dgy dy —_=( ]
c —=+2y—+2y=u . d dt x + X
) T TRt ) 1+ %y
. y=x| +x2
.2 . ’
. 3x; +4; X9 + Uy SNt dix cos(2t)xy +
—_— = t IZ +x1 —_ = 3
e) S dt f) dt Xy +¢ xa
X9 +I3+ll2 o
y=sin(t")x; + x5

[¥ = 2x) +cos(t)xy

( XXy + X3+ U ' t3x) +sin(4)xy + x5 +u
dz _ tix; +x dz == t2x, +2u
g qdt 1T ny ddt 1
X3 +U ‘ Xo +u
Y =x y =sin(e")x; +t%x,

4) Hay xac dinh ham trong lugng g(t) va ham qua dé A(t) ciia nhitng hé tuyén tinh cé
ham truyén dat nhu sau:

S S = L+32s
a) G(s)_0,23(1+s)(1+33) R (1+3s)(1+55)
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¢) G(S)_____L d) Ges)= 28" -28+3

252 +3s+4 3(232-43+1)
383 +89% —4s5+8 1
e) Gls)=—3 =2 0 Gle)=———x
(s +4)(s” +25+2) s(1 + 2s)
752 - 205 - 75 55341157 -s5+41
9 Gl=—7— " h)  Gls) =g
8% +6s° +25s8 8" +45° +258°-45-3
5) Xac dinh ham truyén dat cia hé théng cé sd dé io
diém cyc (dugc danh diu béi x) va diém khéng thde
(duwege danh dan boi O) cho trong hinh 2.69, bist  —x% = < »
ring G{0)=2. Tim va v& d6 thi ham trong ligng, -3 -1 l 1
ham qua d6. Cé nhan xét gi vé& hé théng qua céc
. ov. s Hinh 2.69: Cho bai thp 5.
d6 thi dé.

6) Hay xac dinh ham truyén dat ciing nhu cae thanh phdn khuéch dai, tich phén, vi
phan cua cac hé sauw: :

et

Cr

R, R
R Ly
iu 2 yl lu o yl u CT
O & O Oo—
c)

a)
QO
l Rl R2 l .‘IE l
u L Y ¥
o o T
)

Hinh 2.70. Cho bai tap 6.

7) Cho hé théng 6 s0 dé khéi nhir hinh 2.71 mé ta. Hé cé tin hidu vao u(t), cdn goi la
tin hiéu chit dao va ra y(¢). Tin hiéu r(@) la nhidu tdc déng vao hé. Tin hién e(?) la
sai léch gida tin hidu cha dao u(t) so véi thyc t& hé c6 dide y(f). K¥ hiéu anh
Laplace cta u(t) 1a U(s), cua y{t) 1a Y(s), cia n(?) 1a N(s) va cia e®) la E(s), Hay

Y(s)

a) Xac dinh ham truyén dat G(s) =
U(s)

ciia hé khi khéng c6 nhidu.
n(t)=0

b) Xac dinh ham nhay ciia hé (sersivity function) S(s) = &{ (ham nhay cé
N©)yey=0

tac dung do thinh phin nhiéu c6 14n trong tin hiéu ra).
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¢) Xac dinh ham truyén dat biéu di&n sai léch theo ddu vao E (s) = E(s)

U n(e)=0
d) Xac dinh ham truyén dat bi€u didn sai léch theo nhidu Ey(s) = Es)
N©®)lyp-0
b)
u(®) ¥()
—>

Hinh 2.71: Cho bai tap 7.

8) Tim ham truyén dat cia nhiing hé théng c¢é so 46 khéi sau:

a)

5]
u(®) y(@®
—

) o
¥(@®
) G = o

u(®) |~ y
Gy @T—:l - 0 L—>T_—»
A 3 .

Hinh 2.72; Cho bai tap 8,

9) Hay vé dudng dic tinh tdn bién-pha, dudng dac tinh tdn logarith (biéu dé Bode)
cla nhiing hé théng ¢6 ham truyén dat cho nhu saw:
1 1

b) G(s)=

a) GE =1 5 (1 +8T )1 +5T)
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k

- —pl14+-L
c) G(s)= S0+ 5T (1= sTy) dy Gi)= k(l + ST +sTD)

A+T,5)1+Tos) -~ A+Tos) . ' ' .
Gs)=k = i 61T\ >T,>Ty>Ty>-->T >T, .
O GOk T 0 Ty (T, T T n=n

10) Cho hé théng phan hdi tin hiéu ra c6 so d6 khéi mé ta d hinh 2.73a). Hiay tim ham
truyén dat ctia hé théug khi G(s) c¢6 cdu tnic cho trong cac hinh 2.73b) va 2.73c).
Troug trudng hop nao thi hé s& 1a hé pha cyc tiéu?.

Hinh 2.73. Cho bai tap 10.

Q)
x(®) o  xOr  [Tx @)
1+5sT
kl » k‘_}_ k3
1+ ST] - 1+ STZ — k?.
1+sT,
)] c)

11) Chitng minh ring dudng dic tinh tdn s6 bién—pha ca hé c6 ham truyén dat
by + b8+ bos>
G(S) = bO +0; 05

2
ag + alg +ags

N L . a, a
la mdt dudng tron nénapay>0, a, =0 va det( 0 2

]:0. Hay xac dinh tam va
o b2

ban kinh cia dudng tron.
12) Xét mdt hé thong tuyén tinh c6 ham truyén dat G{(s) hgp thire va c6 dang

Gy =1L T,s)(1 + Tys) -+ (1 +Thys) ,
(1’+ Ti8Y1 + Tgs) -+ (1+Tps)

k>0

trong dé cac hiung s6 thoi gian 7, eR cua da thde td s§ va T; eR caa da thitc miu
s6 dude sap xép theo thir ty

T<Ty<<T, va T, <Ty<- <Ty,

Chitng minh ring:

a) N&u cé6 m bat ding thitc an > T,:, v Ty > T,;,,_l yeees Tomm-1> Tl' , thi d6 thi caa
h(t) khéng lugn séng va khong giam.
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b) N&u cé ¢ bat ding thic & cdu a) khéng duge thoa man thi dé thi cla A sé ¢6
ding g diém cuc tri.

13) Hiy xac dinh cac ham truyén dat G(s) cho nhitng hé théng tuyén tinh ¢6 ham qua
d6 A(£) vai do thi cho trong hinh 2.74 dudi day.

LT

P L Btk aontsnteriert—~0 2L
.Y p—
a) b)
34 4
, N SR, VPP .. YR = ——
24
1
o - - T ¢ ; g - > ; » 0 >
00 05 4 15 20 5 30 35 49 45 0 5 4 F 3 W 1z 14 18 & W

Hinh 2.74; Cho bai tap 13.

14) Hay xac dinh ham truyén dat G{s) cia mét hé tuyén tinh ¢6 biéu dé Bode cho &
hinh 2.75 dwai day. Tir d6 xiy dyng duwdng dic tinh tan bién—pha ciia hé théng.

Lim)a . A o)
40d8 ] _30°
20d8 -60°

0d8 -90°
Hinh 2.75: Cho bai tap 14 “

0,01 0,1 1 10

15) Xac dinh ham truyén dat ctia nhitng hé thénig c6 su dé tin hidu cho trong hinh 2.76.

Hinh 2.76: cho bai (ap 15.
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16) Hay tim ham truyén dat G(s) hgp thic va bén cho hé tuyén tinh, bit réng phin
.t.hl_Ic T(w) ciia ham dic tinh tin G(jw) cha hé la:

5- 202

a) T(w)= Reé(jm) = .
1+170~ +16w

~ 1 _ 2
b) T(w) =ReG(joy=—2 22
@ +5w” +4

17) Hiay tim ham truyén dat G{s) hdp thic va bén cho hé tuyén tinh, néu lim G(s)=0

E—FH
va phin 40 A(w) chia ham déc tinh tAn G(jw) cla hé la:
26w
1+170°% +160"7
-30% -

—_—
w* +Bw* +4

a) Alw) =ImG(jw)=
b) A(w)=ImG(w)=

18) Kiém tra xem ham dic tinh tdn cta khau IT, ¢6 thoa man dinh 1y 2.9 vé todn ti
Hilbert khéng va giai thich tai sao?.
19) Hay tim ham truyén dat G(s) cho mdt hé tuyén tinh pha cuc tiéu, bit ring:

- 4 _ 2
|Gy | 2= gm0 x 1
(ew” + 4)(@w° +1)

20) Cho hé thdug SISO mé ta bai

G(s) = = 4 -
(8+3) " (s+2)s+1)

Hay xAc dinh tin hiéu L(t) sao cho khi kich thich hé tit trang thai 0 bang u(f) & ddu
vao thi sau mét khodng thoi gian dd 18n hé sé ¢6 dip dng y(t) ¢6 goéc l&ch pha véi
u(®) 1a £90°.
21) Cho hé théng SISO cé ham truyén dat
1+ sTl.)(l + sT2l )
sT(1+sTy (1 +T) '

G(s) =

voi T, =107 giay, T, =1 gidy, T =5 mili gidy, T, = 0,2 giay va T} = 20 mili giay.
a) Hay xay dung biéu dé Bode clia hé théng. ' -
b) Xac dinh bién dé ’é( jw)| va géc pha g(a) tai nhitng diém tin 8 @, =2 gidy,
w,=80 gidy ', @;=750 gidy "
22) Hay xac dinh chudn cyc dai |G(s)|« =sup|G(jw)] ctia nhitng ham truyén dat cho
w

trong baitap 9 6 cac ciu a), b) va e).
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23) Cho nhitng hé théng ¢6 ham truyén dat nhu sau:

1 Gls) = s-1 9 Gls) = sz+s+1

) o6 (s+2)(s+4) ) 6® s(s? +2s5+4)
2

3) G)=——> +35+2 1) GE) =e 2 @>0)

s2+ 952 +275+27
a) Nhiing hé nao 1a pha cyc tidu?

b) Trong s6 nhitng hé khéng phai la pha cyc tiéu, hay xac dinh hé pha cue tiéu
tuong ung véi na.

24) Hay tim mé hinh trang thai dang chudn diéu khién va dang chudn quan sat cho cac
hé théng SISO c6 ham truyén dat G(s) cho trong bai tap s6 4.

25) Cho A= (; i) . Hay xac dinh Im(A), Ker(A) va kiém tra tinh trifc giao cia chung.

26) Xac dinh ma tran ham el véi

1 1 1 2 2 -1 0
a) ‘Az'[_5 -3) b) A=(_2 _3) C) A=| 9 4 6
-8 0 -3
-2 0 1 3 -1 1 2 11y
& A=|0 -1 2 e) A=|0 1 0 N A=|1 2 1
0 2 -4 0 2 1 001

27) Cho hé SISO c¢6 md hinh trang thai

1
EE=A5_+ 0|u, y=>5xg,
g 2

trong d6 A 12 ma tran hé thong cho trong bai tap s8 26 & cic cau ¢), d), e) va f). Hay

xAc dinh:

a) Bac tuong d6i clia hé thong.

b) Dap img ciia hé khi duge kich thich tit trang thai ban ddu x, bang tin hidu 1(f)
& ddu vao.

¢) Ham truyén dat G(s) cia hé théng.

d) M3 hinh khong lién tuc tuong tng, khi u(t)=x, véi kT, <t < (k+1)T, , tin hidn
ra 12 khéng lién tuc {y,} va T,=0,1s.

28) Chung minh ring ham truyén dat cia khiu gi@t tin hiéu bac 0 khong c6 diém cuc
hitu han.
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29) Nguoi ta da cai ddt cac hé thang SISO ¢6
ham truyén dat G(s) cho trong bai tap 4
vao may tinh (hinh 2.77). Hay xac dinh
ham truyén dat khéng lién tuc tuong ung
cua hé.

30) Chimg minh rang:

‘ukl

—>| Gou(s)

2

G(s)

Hinh 2.77: Cho bai tap 29.

|)’k|

|k

1 z . 1 1 gk z
a = B b = . .
> s-a | z—eTa g (s-a)f (k-1 da*! (z— aT"]
T,
Gor (5) ea
o st G“b*
1«(;) ¢ . PR N
d} 3{ ] ———(—,-T—-. néu F(s) khong c¢6 diém cuc hitu han.
z—e ¥
31) Hay xac dinh ham truyén dat khéng lién tue cho cac hé ¢6 so dd khai sau:
a) b)
> G, T—p Gy > - G, Gy, "
Gy G, [«
Hinh 2.78: Cho bai tap 31. Gs [ 6,1 G, |1 G,
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3 PHAN TICH HE THONG

3.1 Nhimg khai niém chung cta phan tich
3.1.1  Nhiém vu cia céng viéc phan tich hé théng

A c6 mot mé hinh mé ta hé théng thi bude ti€p theo la trén co sd mo hinh di cé
phai phan tich, phai rit ra dude mdt s8 két luan cd bian vé tinh chdt clia hé théug cin
thiét cho viéc tdng hop, thiét k& bd diéu khién hayv lap chuong trinh diéu khién. Day
cing 1d mdt nguyén ly mang tinh triét hoc ciia mén hoe didu khién tu dong, tite 1a trude
tién ngudi ta phai bit dau véi nhang hiéu biét so luge vé hé théng dé co mo hinh réi ti
mé hinh phan tich tiép dé 6 duge nhitng didu con chita biét vé hé thoug.

Mac du khai niém phan tich hé théng bay gid mdi duge dé cap dén, song mét s6
dinh 1y né11¢ chuong 2 da mang tinh chat phyue vu viée phan tich d6. Chang hau

— Dinh I§ 2.5, muc 2.1.5 cho ta biét thém tit ham truyén dat béu G(s) cia hé thong
vé bién dé. gée léch pha clia dap tng y(¢) cho triudng hgp t - x khi hé ditge kich
thich hdi tin higu diéu hoa u(r).

~ Dinh Iy 2.6, .27 cing cua muc 2.1.5 cho bi€t thém tir ham dic tinh tan G(jru) cae
thanh phan cd ban cé trong hé théng (khuéch dai, tich phan, vi phan) va tinh
chit cia dap ing y(¢) tai nhing didm tan s dic bigt =0, w=x,

—~ Pinh 1y 2,10, muc 2.2.8 chi ré viée tit ham truyén dat ¢6 thé nhan bigt ditge hé ¢o
phaila hé pha cuc tiéu hay khong.

— BDinh ly 2.15. 2,18 cia muc 2.3.4 vd muc 2.3.5 gitip ta L ma tran ham md em

cang nhu ma tran ham ®(¢) 6 duge thanh phan ta do trong dap ung cua hé
thang. trong dé thanh phdn ty do dude hién 1a thanh phin img voi kich thich
(D=0 va trang thai dau x(Q)£0.

Chung ta 3¢ ddng ¥ véi nhau rdng khoé ma cé thé phan tich dé co dirge tat ca nhing
diéu chita bidt vé hé théng. Vi vay cong viée phin tich s& duge goi 1a tam hoan thanh néu
nhit ta da co thém duge mét vii didu bé ich chira bidt vé hé théng ma nhiing diéu d6 1a
dir d¢ ta bdt dau duse cong vide tong hop. thidt ké bd didn khién. Nhung nhiing diéu gi
sé dutge goi la cin thidt va tam & cho cdng viée tong hap, Trude hét 26 L



1) Hiéu biét vé su phdn bd cdc diém cdn bdng cia hé thong. Mot diém trang thai x,
duge goi la dim can bing néu nhv khi hé dang & diém trang thai x, va khéng c6
mét tac ddng nao tit bén ngoai thi hé s& ndm nguyén tai dé. Theo dinh ughia nhu
vay thi diém cin bing z, ctia h¢ théng phai 12 nghiém cla:

% =Ax =0 (A khong suy bién) 3.1

Diéu nay cing d& hiéy, vi theo dinh nghia, diém can bing 13 diém ma hé théng =&
. . N fe a et . PR/ - .
nim im tai d6, tic la trang thai cia né khéng bi thay dai (d—f =0) khi khang cé sy

tac déng tir bén ngoai (z=0). Ta c6 thé thay ngay dugc ta (3.1) 1a hé tuyé’n tinh chi
¢6 mdt diém trang thai cin bing x, va d6 la diém g8c toa do 0 clia rR".

2) Hiéu bit vé tinh 6n dink cla hé théng. Mot hé théug duge goi la:

- 6n dink BIBO néu khi kich thich hé bang tin hidu () bi chan & ddu vao, tic 1a
u(t) c6 chudn vé cing hitu han, thi hé sé& ¢6 dap ting y(t) & ddu ra ciing bi chin
(6n dinh BIBO, chil viét tit ciia Bound Inputs — Bound Qutpuis)

- ho#c dudc goi la én dinh tiém cin Lyapunov tai diém cdn bing x, néu nhu khi ¢
mot tac dong tac thoi (chﬁmg han nhu nhiéu tac thdi) dduh béat hé ra khéi x, thi
sau d6 hé cé kha ning ty quay vé diém cin bingx, .

Chu ¥ riing khai niém 6n dinh Lyapunov ciia hé théng chi c¢6 nghia khi di cing véi
diém can bing z,. C6 thé hé s& én dinh tai diém cin bing nay, song lai khong 6n
dinh & di€m can bing khac. Nhung do & hé tuyén tinh chi ¢é mit diém can bing la
gbc toa dd (x,=0) nén khi hé én dinh tai 0, ngudi ta cling néi luén mdt cach ngin gon
12 hé én dinh giéng nht khai niém du dinh BIBO.

3) Hiéu bidt v& tinh didu khién dude cta hé tl.ong tei mdt didm trang thdi cho trude.
Tai sao lai cAn phai hiu bigt vé tiuh diéu khién duge?. Nhiém vu chinh cia didu
khién 14 tim duge tin hiéu diéu khién mang lai cho hé théng mét chat lugng mong
muén, tic 1a phai tim ra ditge moét tin hiéu thoa min chat hugng dé ra trong s6 cac
tin hiéu c6 kha nang dua hé théng tit diém trang thai x, ban déu t6i duge didm
trang thai dich x7 . N&éu nhu khéng tén tai bat ci mét tin hidu didu khién nao dua
dude hé tit x, tdi xp thi sy c8 gdng tong hdp hay di tim tin hiéu diéu khién nhu trén
s& trd nén vé nghia (bai toan khéng ¢6 19i gidi). Béi vay, dé cong viée didu khidn co
thé c6 két qua ta phai biét dugdc ring c6 tén tai hay khéng it nhat mét tin hidu didu
khién dua duge hé thdng tit x, vé zp trong khodng thoi gian 7 hdu han. N&u nhu
tdn tai mét tin hidu diu khién lam duge viéc d6 thi ta néi hé théng la didu khién
duge tai dim trang thaix, .
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4)

L]

Hidu biét vé tinh quan sdt duge cia hé théng tai mét diém trang thdi cho trude.
Hay quay lai vin dé chinh 1a xay dung bo diu khién cho hé théng dé minh hoa.
N&u sau khi da bist 1a cong viée xay dung bd diéu khién c6 thé c6 két qua (hé didu
khién duge tai ;) thi cong viéc ti€p theo 12 phai xac dinh dugce x, dé tir d6 bd diéu
khién cé thé tao ra duge tin hidu didu khién thich hdp dua hé tit xg vé xp . Cong vide
xdc dinh difm trang thai x, c6 thé duge tién hanh bing cdch do tryc ti&p (nhi cac bd
cam bién, sensor) nhimg c6 khi phai tinh toan, phai quan sat khi khéng thé do dugc
tryc tiép x, , ching han nhuv gia toc khong thé do duge tryc tidp ma phai duge suy ra
tlt viéc do téc do trong mét Khodng thdi gian cho phép. Trong trudng hgp phai quan
sat, phai tinh toau ra x, nguoi ta néi didm trang thii x, cha mét hé 1a quan sat datge
néu ta c6 thé xic dinh dugc né théng qua viéc do cac tin hidu vaofra trong mot
khodng thoi gian hitu han. Yéu ciu phai do trong khodng thdi gian hitu han la rit
quan trong. Khodng thdi gian quan sat cang ngin sé cang tét cho cong viée diéu
khién sau nay. Né&u thdi gian quan sat qua ldn, diém trang thai x, vita xac dinh
duge sé mat ¥ nghia ung dung cho bai toan diéu khién, vi du khi ¢6 duge z, thi cé
thé hé da chuyén dén mét didm trang thai mdi cach rat xa diém trang thaiz, (tinh
thoi gian thyc khéng tat). ’

3.1.2 Qua trinh cudng birc va qua trinh tuy do

Trong eéng viéc phan tich ta thudng sit dung khal niém qud trinh cudng biic va gud

trinh tu do cia mét hé théng. Hai khai niém dé ditge giai thich nhu sau:

—~  Qua trinh cudng bic 1a dap \tng cia hé dng vdi tin hiéu diu vao yi(t)A v tal thoi
diém bat ddu kich thich hé ¢6 trang thii bang 0.
— Qua trinh ty do dude bidu dién bing ti hidu dau ra ¥(t) cta hé khi khéng bi
kich thich nhumg lai ¢6 trang thai ban ddu khac 0.
(ia st hé duge mé ta béi mé hinh trang thai
E—z =Ax+Bu

dt
y=Cx+Du

(3.2)

Nhut vay thi khi kich thich hé bang tin hidu vae u(t), do tinh chit tuyén tinh cia hé, dap
g y(¢) sé c6 hai thanh phan:

o=y, O)+y, @)

Ung vdi:

- Thanh phan zc(t) la nghiém clia phuong trinh trang thai (3.2) voi uft) cho trude

v )
va trang thai ddu z(0)=0. Dé chinh 14 phuong trinh mé ta qud trinh cudng bie.
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- Thanh phén yt(t) Ia nghiém cua (3.2) ang véi (¢)=0 va trang that diu x(0) cho
trude. D6 chinh 1a phudng trinh mé ta qud trink tiz do.
Mot cach hoan toan titang tu. néu hé SISO ditge mé ta bdi phuang trinh vi phan

dy an

y du d"u
ny+a —+ - 4+q .___:h u+h_+ A
[IN ldt n dt" [ ld[

B W (3.3)

thi khi kich thich hé baug tin hiéu vao u(t), dap ing y(¢) cing €6 hai thanh phin
YO =y (8) + ()
trong 46

1) ¥.(¢) mb ta gud trinh cidng bede va d6 1a nghiém cua (3.3) dng vai teang thai dan

n-1
O _dT 0,

0 .
¥(0) 7 prTe

2} y(t) mb ta qud trinh t¢ do va d6 13 nghi@m thudn nha't ctia (3.3)
Bjnh ly 3.1: Khi hé thong ditge mé ta hoi 1né hinh trang thii (3.2) thi né sé cé:
ay qud trinh ty do zr(l) = CeA!,lc_(O).

¢
b} va qua trinh cudng bue -Zc(t)= C _[eA(t_')Bg(r)dr + Dy.
0

Chitng mink: Tinh ding din cta dinh 1y 3.1 duoc suy ra mét cich trye tiép tir céng thue
(2.66) cho trong muc 2.3.4 (trang 142). )

Vidy 1: Cho hé théug SISO cé hai bién trang thai diege mé ta bai

dx 21 {-1
—= = =(2 :
[0 3]£+[ 5 Ju. y=(2 1)z

A — R C
A B
Theo két qua cia vi dy 36. muc 2.3.3 cua chudug 2 (trang 133) thi

_ ,2t A2t
HAt :‘ﬁ—I{(R,—A) I}: (L 4 r”l’.' ]
0 e

1 u. Y s
Do dé khi kich thich hé tir trang thai x(0) :(1) bar u(t) = 1(2) 0 dau vio, hé sé 6 dap ung
(t) & dau ra tinh theo (2.66) nh sau:

et B _ 2 () ef 2(t-r)  3it-r) _ e-n)Y £y
— (o e e e | (@ e ¢ ¢ ‘
o= 1)[ 0o M J U +i ) I( 0 ) ) ( 2 )dr'

0
¥ (8 ’ . ¥y (1)
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N6i cach khac

LI - AN .
[ e (54 iT]
H=12 1) ) - =3e".
y=(2 1) [ 0 S J (l]

iy 3(t-r) 2(1-r)
2e —3e 1 st 1 ot
ye)=(2 1) aip dr= —+=—¢" -— ¢, o
¢ (.[ zu.ﬂ(l r) 3 2

oo e

Dinh ly 3.2; Khi hé thang SISO duge mé ta béi phirong trinh vi phan (3.3) thi:
a) Qua trinh tu do sé duge mé td boi nghiém thnin nhat cia (3.3). tac 1a
¥
A
I

ag +ays+-+a,s

vty =2

n

trong do
2} k- bt
V("‘O) k a1
A= ¥ a, T d00N ki
k=i i=0 dt
b) Qua trinh cudng bie sé duge mo ta béd nghiém riéng clia (3.3), tic 1a:

(b{)+h]-‘.i'+ e+ b '?’“)lj(s)_B

m-

= ' h

ag+a s+ - +a,s"
trong d6 U(s) Ia anh Laplace cua u(t) va
on D diu(+0
B= thz"—(, Jgh=i-1
k=1 i=v dt
Churngr mink: T cac cong thie (1.22) va (1.23) di cho d mue 1.3.3 thuge chuong 1 (trang
22) ta ¢6 ngay duge cac két lugn trén. )

Vi du 2: Xét hé 6 phuong trinh vi phan mé wa quan hé vao ra

d d
2y + 3L+ X =y,
dt ot*
Né&u kich thich he baug tin hi¢u 1) va tai thoi diém kich thich £=0 hé ¢6 cic trang
s dv(0
thai dau y(0) = 4y =2 thi
—  Qud trinh ty do:
- i 2 12 - .y
)=z '{ H-(—)‘ﬁ—)} s TH = T y12eto e %
2+35+85- s+1 s+2
- Qua trinh cudng buc:
_ 1 - 1 1 1 - 1 )
ye(t) =& ]{—————_, —.L‘]{——————+————|=-—e’+—. t a
s(2+3s+8°) 28 s+1 2s+2) 2 2
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Qua trinh tu do Ia thanh phin ¢6 trong tin higu ra y(f) va thanh phdn dé chi phy

thude vao diém trang thai ddu chi khong bi anh hudng bdi tin hidu vae w() nén né sé
mang nhiéu théng tin dic trung cho tinh déng hoc ctiia hé théng. Hai dinh 1y 3.1 va 3.2
cho phép ta xac dinh duge qua trinh ty do cia mét hé thong tuyén tinh tt md hinh cta
no khi bist trude di€m trang thai ban ddu d€ tit dé cé thé cé dude mat s& k&t luan vé tinh
déng hoe ciia hé thong.

Song trong nhidu ng dung thyc t&€ khi phan tich hé théng thi viéc xac dinh cu thé
qua trinh tir do 13 qua mite cin thist néu khéng mudn néi 1a thita. Phan ldn ngudi ta chi
cAn tim ra dugc dang hodc mét vai tinh chit dic biét cGa ham yt(t) mé ta qua trinh ty

do la da dé c6 thé két lugn vé tinh chdt dong hoc cia hé théng.
Xét hé ¢ ham truyén dat G(s) thuyc-hitu ty

“ne m
G(S)=bo+bls+ + by, s , m<n

Qg+ S+ +a,s"

va bén, tiic 1a cic diém cyc cia G(s) c6 phén thyc 4m, hay nghiém cha
A@)=ag+tas+ -+ ans" =0
d8u ndm bén trai truc ao (xem lai khai niém ham bén & muc 1.3.4, chuong 1, trang 24).

Nhu vay thi anh Laplace Y,(s) cia qué trinh tu do y,{¢)

13 2
Yt(s)z A , V()l A z z d y(+o) k i-1

ag+a8+-+aps” )
la mét ham thyc-hifu ty, hdp thic va bén. Do d6 y,(¢) ¢6 anh Fourier Y,(jw) va anh
Fourier ciia né thu diige tit Y{s) bing cach thay s = jw '

Y (o) = Y (s)

s=Jo
Vi ¢6 anh Fourier nén y,(t) phai thoa min (inuc 1.2.2, chuong 1, trang 6):
o
[[7: @®)dt < o,
0
néi cich khac phai ¢é
lim y,{t)=0,
tox
hay y,(t) 1a qua trinh tat ddn.,

Dinh 1y sau diy chi ring didu kién bén cta G(s) khéng nhitng 1 di ma cdn 13 edn
dé qua trinh tu do duge tét dan.

Pinh Iy 3.3: Cin va di d€ qua trinh ty do ¥,(¢) cha hé théng SISO duge tit din la ham
truyén dat G(s) thuc—hitu ty ctia né 13 ham bén.
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Chiing minh: Tinh ding dén clia "G(s) bén = y,(f) tit ddn" dd duge xac nhan d phén trén
nén & day ta chi cin chitng minh cho diéu nguge lai :" y,(f) tit din = G(s) bén". Gia thiét
ring G(s) khong bén. Vay thi G(s) ciing nhu Y,(s) phai ¢6 it nhat mot diém cuc s, khéng
n&m bén trdi truc do. Pidu nay din dé'n‘ trong y,(¢) phai c6 chia mét thanh phin khong

tit dan (hinh 3.1) iing véi s, va do d6 y,(t) cing khéng tat din (trai véi gid thiét). w]

jw
Re(sg)<0 Re(sg)z0

x &%%) M X%
Hinh 3.1 H& thdng c6 ham truyén 4
dat bén sé c6 qué trinh ty do - N
—> ” >

At ddn va nguge lai. —i— T

o

Theo dinh Iy 3.3, néu kich thich mot hé théng c¢6 ham truyén dat G(s) thyc-hitu ty
va ham bén bdi u(?) & diu vao thi do qua trinh tu do la tit ddn, sau mét khoang thdi gian
t di 16n (¢ —» o) trong dap ing y() tai ddu ra clia hé chi cén lai thanh phdn cudng biec
¥0(®, titc 1a thanh phin dap Gng ciia hé khi tai thdi diém bat dAu kich thich hé c6 trang

thai 0. Vdi diéu nhan xét d6, trong dinh Iy 2.6 (myc 2.1.5, chueng 2, trang 82) ta hoan
toan c¢6 thé bé didu kién

n-1
) _ . _d"y0)_,

ma khéng lam thay d6i két luan, tice 1a:
Dijnh ly 3.4: Néu kich thich hé SISO ¢6 ham truyén dat G(s) thue—hitu ty va bén bing tin

hiéu didu héa u(t) = o tai ddu vao thi sau mot khoang thdi gian du 18n, dap dng
y(t} cta hé sé 13

y(&) =[G L P i o) = arg Glia).

Két luan cua dinh ly 3.3 cing ding néu hé la MIMO vA duge mé ta bdi phudng
trinh trang thai tham sé hiang

dt - T, (3.4)
y .
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Binh ly 3.5: Can va da dé qué trinh tu do y,(t) cta hé thong MIMO mé ta bdi phuong
trinh trang thai tham s hing (3.4) dude tit din la tat ca cic gia tri riéng cia A
nam bén trai truc ao (nghiém cua det(s/-A)=0 cé phdn thuyc am).

Chung minh: Theo dinh 1§ 3.1, qua trinh tu do cua hé MIMO duge mé ta bai

v, (0= Ce x0).
trong dé € va x(0} déu cé phin ti la hing. Bdi vay khai niém y,(t) tat din déng nghia

. =z 2 ) P s . | P N - PO - I A =z < N
vl sy tat dan cua cace phan tu trong e Can va du dé tirmg phan tit cia ¢’ tdt dan la
anh Laplace cua chung 13 ham bén (dinh 1y 3.8). Nhung vi anh Laplace cua e’ 1a
. {s! —AJzulj

(sI-Ay =
det(s! - A)

. Ly s \ Y N , N - wee Ys s & N . .

trong dd ky hiéu (sI-A),,, ehi ma trgm e6 phan ta thia i la tich 1" vai dinh thic cua
ma tran thu duge tir (s7-A4) bang cach b6 di hang va cdt chita phan 1 doi ximg ji. nén
cac phan 11 cta (s7-A) ' déu c6 chung mén s6 det(s/—A). Vav dé tat ca cae phan i cia

(s7-A) " 1a ham bén thi nghiém cia det{s[~A)=0 phai nim bén trai truc ao. 0

Cha y: Mot mia tram ¢6 14t ¢d cic gia tri riéug nim bén trii true do (¢6 phan thue am
va khac 0) thudng duge goi 1a ma trgn bén (stable).

Vidu 3: Cho hé ¢6 phuong teiinh trang thai

dx a 1 0 .. x

—== x+ u v x = .

dt \-1 a)” |1 =l
NI

A
Ma tran A o6 cie gid trj riéng s, 5 = a+j nén sé Ia ma tran bén néu @ <0 va khi do qua
trinh ty do sé tat dan. Hinh 3.2 biéu dién quy dao trang thai cua hé khi khéng bi kich
thich tho ¢a hai trudug hap a>0 va a<0. Ca hai quy dao trang thai déu bat ddu tir didm

trang thai x, =0 cho trude. Ta ¢6 thé thay sy tat din cia qua trinh ty do ¢ tritgng hap'

a<0 thong qua dang quy dao trang thii tién vé goe toa do va két thuc tai dé caa né. 3
Ar‘" 1
104 MW
; a<(;
054
00
00
D2
054
104 v > .04
46 04 01 BB 02 04 06 08 1D 32

Hinh 3.2: Minh hoa cha vi dy 3.
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3.1.3  Qua trinh qua do va ché dd xac lap

Bén canh hai qua trinh ty do va cudng bic, trong khi phan tich hé thong ngudi ta
com thudng su dung hai khai niém khac 1a qud trinh qud dé va ché d6 xde lap. Qua trinh
qua dé la giai doan hé théng dang chuyén dai tir trang thai cii sang mét trang thai moug
muén khae. Ch& db xac lap 1a giai doan hé théng da dat duge dén trang thai mdi mong
mudil (hodc da gan d&n). Chang han khi déng dién ap ngudn cung cap cho mét dong co.
qua trinh déng co ting tée d6 vong quay tir 0 dén mdt gia tri xac dinh dude goi 1a qua
trinh qua d5. Khi déng co da 6n dinh dude van tdc va chay déu thi ta néi déng cd dang ¢
ché& do xac lap.

Ca hai qua trinh qua d6 va ché& dé xac lap cung cé trong dap dng cua hé thang
nhung khac vdi qua trinh ty do/curdng bic, chuug khéng bi lan vao uhan, Tai mét thai
didm nhat dinh, dap ung cia bé thong cé thé co ca hai qua trinh ty do va qua trinh
cudng buic. Song vii khai niém qua trink qua dd/xac 1ap thi ¢6 hoi khac. Hé théng chi ¢6
thé hodc dang & qua trinh qua dé hoic di d ch& dd xac Iap chi khong bao gig ¢é ca hai
troug cing mét thai diém.

Sé khong c6 mot difm thai gian cy thé phin chia qui trinh qua d6 véi ch& do xac
lap ma né phu thude vio qhan niém thé ndo li da dén "gdn trang thdi mdi mong mudn”
ctia bai toan diéu khién. Thong thudng, d bai toan tuyé&n tinh ngudi ta hay cho ring thai
diém bit ddu ché d6 xic lap 1a khi hé théng vao duge 181 ving ¢6 sai lech 5% (hoac 2%)
so vl gid tri mong muén va khéng ra khoi ving dé nita (hinh 3.3).

¥(t)

¢ 5%k

Ché& d8 xac 1ap

1
L}
!
Hinh 3.3 Diém phan chia qua trinh t !
qua dé va ché dé xac lap. ' Qua trinh qua d&

o

Vi du 4: Cho hé dao dong bac hai tit ddn ¢6 ham truyén dat

2
wy

G(s) = . vdil 0<D<1.

s +2Dw,s + ru;’:
- Hay xac dinh thai diém két thac qua trinh qua do, tie 1a thoi diém T, ma ké ti
dé ham qua dé A(t) luon nam trong dai phan cach 5% so véi gia tri gidi han

ho =hHm h(t) =lmG(s)=1.
s5—+0)

f = ¥-a]
— Hay xac dinh mét s& tham s6 déc Lritng clla qua trinh qua 46 bao gom: Gia tri cue
dai k. cia A(6), thoi diém T, ma tai 6 A(¢) ¢o gia tri cuc dai h,,, , thoi diém

T ma k(£ Yan dau tién dat duge gia tvi gidi han h .
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Xudt phat tit G(s) véi diéu kién 0<D<1 thi véi ky hidu @y =@, ¥1-D? tasécé

G(s) - (0,21

5 9.
s s(sz +2Dw, s+ wy)

H(s) =

s+ Dw, Da,

_1
s {(s+Dw, )2 +w3 (s+DaJ,.L)2 +to§v ’

Suy ra

hit) =1 - ¢ Deat cosmdt+-—D—sinwdt , t=20.
v1-Dp?

hit)
4 Qué trinh qué 48

PRI SLEY « eV

max

————_X

-
1
T
i
]
————
L}

Hinhk 3.4: Minh hoa cho vi du 4,

Y S

L A

o [

Two T

max

Véi cong thite (3.5) cua h(t) ta sé:

1) Tinh Tw tit diéu kign A(Tw) =1, tic 1a

- D .
1=1-e DoonTeo coswyT,, + ———=sinwyT,
1-D?

sinwgT,=0 2= tan(wyT) = -

= coscyT, +-—D—-—
© V1-p?
y1-D?

= Tw = "a)—d— vii @=atan - D
AR(Tinax )
dt

-Do, T

'ntmax -
-———dh(Tmax) = Sin(demax )%—_'— =0 = Tmax =

dt 1- D2

D

2) Xac dinh T, tir diéu kién =0, titc 1a

max
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3) Tinh dd qua diéu chinh Ak, théng qua Ak, = A(T,,,,) — 1, titc 1a

max

- D .
A =-e Danriod| ot 2 sing
9
1-D°

e—D(unT5

% 20,06 o Tro, = a

Tuy khéng néi ra mot cach chi ti€t, nhung khi ban vé khai niém ché& dé xac lap ta
dd v hinh chung gia thiét ring ham truyén G(s) cia hé 1a ham bén. Tai sao lai nhu vay?
Béi vi muén tdi duge mot diém trang thai mdi nhu mong muén thi qua trinh ty do y,(t)
cha hé phai tdt ddn. Mat khac khi qua trinh ty do da tat, trong dap dng y(¢) & ddu ra chi

con lai qua trinh cudng bic y (). Tu day ta suy ra:

Pinh 1y 3.6: P& hé thong c6 ch& d6 xac lap thi qua trinh tu do ciia hé phai tit din. Pap
tiing cita hé trong ch& @6 x4c 1ap chinh 1a qua trinh cudng bic clia hé.

Giéng nhu qua trinh ty do, qua trinh qua dé cting mang rat nhiéu théng tin vé tinh
dong hoc clia hé thdng. Didu d6 ta c6 thé thiy 3 vi du 4 nhu:

3

— Néu T cang nhd, hé phan itng cang nhanh véi kich thich.

-  Hé ¢ T 16n thi s& c6 48 qua diéu chinh Ak nho.

max
— Hé c6 dé qua di8u chinh cang nhé s& c6 thdi gian qua d6 cang lau ...,
Bdi vay, trong kha nhiéu trudng hgp, nhat 13 véi nhimg khiu co ban quen bigt nhu khiu
khuéch dai, tich phéan, vi phdn, quan tinh ... (phan 2.2, chitdng 2) ngudi ta thudug hay
st dung dathg ham h(t) trong giai doan qua trinh qua 46 d€ mé ta tryc quan dac tinh
déng hoc ciia khau d6 dudi dang khéi. Chéng han nhu:
a) Khau khuéch dai:
G(s)= k. —»[E——»
b) Khdéu vi phin:
‘_ G(s) =s. _>D_>
¢) Khdu tich phdan:

d) Khéu qudn tinh bdc nhdt:

— 1 .
Gl) = 1+Ts’ B




e) Khau khuéch dai—tich phan-vi phdn (PID): .
Gis) = k[l s 7%;+ ’I'DSJ . —"B_*

}  Khdu dao dong bdc 2:

SRT SN T
14 2DTs +{Ts)"

g) Khau gii tré:

Ge=e ™ i ling

3.2 Tinh én dinh hé lién tuc
321 On dinh BIBO va 8n dinh Lyapunov

Mét trong nhitng cong viée phai lam ddu tién khi phan tich hé théng Ta xét tinh 6n
dinh (stabil) cua hé théng. Néu hé thong khéng én dinh thi phai tim bé diéu khién lam
cho 16 61 dinh. Khi hé da duge 6n dinh rdi, ta méi ¢6 thé tinh tdi viéc mé rong bé didu
khién di c6 hodc tim thém cac bé diéu khién ti&p theo dé tao ra cho hé théng nhitng chit
luong mong muou khae.

Ta xét vai vi du minh hoa cho su cin thiét ciia tinh én dinh:

~  S¢ khéng diéu khién duge déng cd néu nhu khi déng dién ap ngudn (tin hi¢u vae
hitu han} thi (8e dd déng co Ini tang lén tuc khéug ngimg (cho tdi khi dong ca bi
chay). '

- 8é khéng diéu khién duge mét 16 phan img hat nhan n&u nhu khi kich thich phén
dng hat nhan trong vat chat, nuhwng lai khéng gid ditge s6 phan ang day chuyén
sinh ra sau dé d mitc hitu han (tin hiéu ra khéng bi chan).

- Sé khéng diéu khién dude cn ciu dua hang vao ding vi tri trén cae néu khi gap
nhiéu (modt con gié) hang bi Anh hudng va dao déng khéng tit.

Tinh én dink cha hé théng la mét phan dng déng hoc cia hé véi tac déng tir bén
ngodi. Nhung do ¢6 hai ngudn tac déng bén ngoai ma ta thudng quan tamn la tin hidu ddu
vao va tin hidu nhidu, nén tudng g cing cé hai dinh nghia v& tinh én dinh.

Dinh nghia 3.1 (BIBO): Mot hé théng cé (vector) tin hiéu vao u(t) va ra ¥(t) duge goi la on
dinh BIBO néu nhu [|u(?) e <ot (httu han) thi || (&) e cing la s6 hiu han.

Pinh nghia 3.2 (Lyapunov): Mot hé théng dutge goi 1a dn dinh tivm cdn Lyapunov tai diém
can bing x, néu nhu khi hé dang ¢ diém can bing x, ma ¢é mét tac déng nhidu tice
thdi (hoac trong mat khoang thoi gian du ngan) danh bat hé ra khéi x, thi sau dé hé

¢6 kha ning ty quay vé dién can bang x, ban ddu.
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Ciing sé la ty nhién néu & ddy ta dat ra cAu hdi v& mdi lién quan gida hai dinh
nghia néu trén cho tinh én dinh clia hé théng va phin van rang cé kha nang xay ra hay
khéng tritdng hop hé én dinh theo nghia BIBO nhung lai khéng én dinh theo nghia
Lyapunov hoic nguge lai. Mot cau tra 161 chung dang téng quat cho mét hé théng bét ky
la chua cé, song riéng véi hé tuyén tinh, nhu myc 3.2.2 ngay sau day chi rg, hai khai
niém 6n dinh dé 1a déng nhat.

3.2.2 Mot $d két Juan chung

Trudc hét ta xét hé SISO véi-ham truyén dat dang thyc-hitu ty (cAc hé s6 1a nhiing
86 thitc) va hap thiic
by +bys+---+b,s™

Gs) = , m<n. (3.6)
ag +a;5++a,s"

Binh Iy 3.7: Xét hé SISO c6 ham truyén dat (3.6). Cac phat biéu sau la tuong duong:
a) Ha én dinh BIBO.
b) Ham trong lugng g(#) ¢6 chudn bac 1 hitu han: [g@)||, <.
¢) G(s)1a ham bén.
d) 18& c6 qud trinh tu do tit ddn.
e). Hé én dinh tiém can Lyapunov (tai diém géc toa d).
Chitng minh:

a)=b): Xuat phat tit céng thie (2.6b) thuse muc 2.1.2, chuong 2 (trang 65) c6 dé ¥ dén
tinh giao hoan ctia phép tich chép, tuc la

y@) = Jgut-odr,

-0

trong d6 g(2) 1a ham trong lugng, ta duge

< Jlg@)| jutt - lde < [u®)] [leolde,

—~e0 ~a

I¥@® | =_' [&(ru(t -r)dx

| 2@t) | < supu(t)] = |u@) ] véi moi ¢.
t

Nhu vay, dé& | »(¢) | 1a mét s8 hitu han vai moi ¢ (didu kién dé tén tai chuén [y(t)|w ), ré

o
rang ”g(r)|dr ciing phai 1a s6 hitu han. Néi cach khac g(f) phai cé chufin bac 1 hitu

han.

b)=>a): Dé chimg minh ta s& chi ra mét trudng hop ring néu khong ¢é b) thi ciing khéng
¢6 a). Chon u(t) sac cho

u() = Usgnlg(t+1))
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trong dé U li mot s6 duong hitu han, sgn{) 1a ky hidu chi phép 14y dan

1 néu a=0

-1 nén a<0’

sgn(a) ={
Véi tin higu u(®) nhw vay thi k() c6 chudn vé cing ||u(t) - = U hitu han. Xét

0= [gout-dr =U [g@o)sgnlg(oldz=U {lg)dr.

- - —en

ta thiy néu Hg(r)|dr khéug bi chan thi tin hiéu ra ¥(¢) cing khoéng bi chan va diéu do
tréi voi giai thiét 1a hé n dinh BIBO.

b)<>c): Tinh ding din cua khing dinh nay chinh 1a ndi dung dinh 1y 1.2 da duge chiug
minh trong muc 1.5.2, chudng t (trang 43).

c)=d): Xem lai noi dung dinh Iy 3.3 ctia muc 3.1.2. v

c)e): Hé vai ham truyén dat (3.6) chi 6 mét diém can bing va d6 13 diém trang thai x,

ma ¢ dé co

dy©) _  _d"'y0)
dt dtn—l

y(0) = = (.

5t dung phuong trinh trang thai dang chuén diéu khién cho hé (dinh 1§ 2.19, muc 2.3.6,
chudng 2, trang 146);

dx
= = +B
ar Azt Bu

véi A 12 ma tran hé théng thda min
det(sI-A)=ag+a,s+ a232 + .-+ ansn

ta s& thdy diém cin bing x, nay chinh 1a gdc toa d% x,=0. N&éu hé dang 3 gdc toa d6 ma bi
nhiéu tic thyi danh bat téi mot difm trang thai xy #0 nao d6 thi vigc san d6 hé co tu
quay vé géc toa d6 hay khéng (u(¢)=0) déng nghia véi qua trinh ty de ciia hé di tir x4 =0
¢6 tdt ddn hay khéng. Dua theo dinh 1y 3.5 (trang 180) thi cdn va did d€ qua trinh ty do
di ti¥ xo =0 (thy ¥) drege tit ddn 1a A phaila ma tran bén, tdce 1A nghiém cta

det(sl-A)=ag+a;s+ a232 + -t ansn =0
phai ndm béu trai truc o, hay G(s) 1a ham bén (d.p.c.m.). a
Vi du 5: Xét hé SISO véi ham truyén dat

8

G(S) ='—9—'——'.
5°+3s5+4
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Do ham truyén clia hé c6 hai diém cuc s, = -1,5 1,6/ déu ném bén trai truc 4o (c6
phin thuce 4m) nén G(s) 1a ham bén. Do dé hé éu dinh BIBO va cling 8n dinh Lyapunov.

Pé c6 ham trong lugng ta bién déi G(s) vé dang:

8
GE) s ——5——
(s+1,5)" +1,6
va c6 duge: ’
g6) = o Blein(1.80) = 5e “Olsin(1,68), 120,

1,6
Tir diy ta thAy

10
3 3

hay g(#) ¢6 chudn bac 1 hitu hau. : m)

[+3] [+.0]
lewi, = [le@)ldt <5 [e 1ot =
0 0

Tuong ty, ta xét hé MIMO mé ta bdi phitong trinh trang thai

dzx = Ax + Bu
dt - - (3.7)
y=Cx+Du

nxr sxXn
, Cer

P X SXr .. - A . r : AT % <9 -
véi Aer™ ", Ber , Der®” 1a nhitng ma tran c6 cac phdn ti la hing. Giai

thiét thém 1a A khéng suy bién.

Binh ly 3.8: Nhitug phat biéu sau cho hé MIMO vdi mé hinh trang thai (3.7) 1a twong
duong:
a) Hé 6n dinh tiém can Lyapunov (tai géc toa dj).
b) Heé c6 qua trinh tu do tit dan.

¢) Alama tran bén.

d) Ma tran G(¢) c6 tich phin “G(t)ldt hitu han, trong 46 G(¢) 1a ma tran cé anh
0

Laplace C(sI-A) 'B+D.

e) Hé én dinh BIBO.
Ching minh:
a)=b): Ta c6 thé thay ngay ring hé chi c6 mét diém can biing la géc toa do. N&uw hé én
dinh Lyapunov (tai gdc toa d6) thi c6 nghia rdng né c6 kha nang tir bat ct mét diém
trang thai x; #0 ndo d6 va khéng cin phai kich thich (u(£)=0) ciing tu quay dugc vé goc
toa do. Diéu d6 déng nghia vdi qua trinh ty do clia hé 1a tit dén.
b)=a): Su khiing dinh nay la hién nhién. Néu qua trinh tu do véi trang thai diu xq #0
tity ¥ 1a tit dan thi ciing c6 nghia 1a hé da ty quay dudge vé géc toa do tir xy#0.
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byesc): Piy chink 1a néi dung dinh 1 3.5 ctia muc 3.1.2, trang 180,
cre>d): Néu ky hidu £ila phfn tit d hang thit i, cit thit j cia
G(s) = C(sI-A) 'B+D

thi theo c6ng thie tinh nghich dio ma tran (muc2.3.2, chuong 2, trang 124), ta c6 thé
xac diuh g;; théng qua G(s) nhu saw:

N
En £1r

Gis) = §:_71 522 v Ear |_ C’C(l-z(—s?_)ajlj) B+D
Ba 822 v Eor

vGi (sI-A)yg; 12 ma tran 6 phén ti tha ij bing tich (-1)™ véi dinh thic ma trén thu
Py n a ” . e
duge tir (sf~A) bing each bd di hang va eat chita phan tit d6i xing ji.

Nhu vay Ez’j chinh 14 ham truyén dat giita dau vao thitjla uit) ,j=12,...,rva

diunratha:lay(H,i=1.2,...,s v

vy |&n B2 By
Y= | (=|fn 82 7 &l (3.8a)
Yi(s) ~ ~ U 5)

a &2 v B
trong dé Y,(z) 1a dnh Laplace cta y{t), { = i,...,s va Uty 1a anh cila i), j=1,...,r.

Tit ed cac phdn tit g;; déu c6 dang thye-hitu ty, hgp thie, c6 chung da thirc méu s§
la det(sI-A). Bdi vay diéu kién A 1a ma trin bén l1a tudng duong véi g;;1a cic ham bén.
Thee dinh 1y 3.7 thi diéu d6 ciing déng nghia véi viée chuén bac 1 cla £ 7| g} lass
hitu han. _

Thém nita, nén chudn bac 1 cha tét ca cic phin tit ctia ma tran

Mgy} 27 g - 27HE
Gty = 3—1{521} ‘2_]_{§22} .2_1-{@2,} ) (3.8h)

-1 f~ —1f~ -1 (~
L‘L} l{gsl} £ l{gs‘l} e £ {gsr}
13 hitu han thi duong nhién chuén clia ban thin ma trin tinh theo:

3
I6®] = max ¥ le (3, (3.9a)
Isjsr; oy 1

cing hitu han. Nguge lai, khi da ¢6 |G()|| hiru han thi j£*{ &; t], cing phai hitu han

vdi moi i, j. Suy ra g;la cac ham bén, tire 14 A 1a ma tran bén.
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Chu ¥ ring chudn (3.9a) khéng phai 1a duy nhét dude ding dé minh hoa cho khing
dinh e). Ta cé thé sit dung cd nhitng chuan khaec. Vi du nhu:

r
1G] =max 3 |3y (3.9b)
15155_]-:1 1
d)=>e): Ta phai chi ring néu c6 || ult)|o <o v6i meoi j = 1,2, ..., r thi ciing 6 [y;() [ <=

v6imoii=1,2, ..., skhi g;lacacham bén.

Xét riéng hé SISO ¢4 ham truyén Ey . Theo dinh 1y 3.7, dap dng yii(®) cia hé cho
kich thich ugt) véi | u,(t) [ < €6 chudn vé cung ||yij(t) |- hitw han khi va chi khi E,j 14
ham bén. Néu yijt) cé chudn vé ciing hitn han thi tdng clia chung theo j= 1,2, ..., r

r
yit) = ¥y (®)
i1
ciing phai c6 chudn

.
2y
=1

ly:®f-=

r
< ¥ Py@l
w J71
hdu han,
e)=d): Kich thich hé bing tin hiéu
uy ()
0
u®r=1 . |,
0
hé s& c6 dap img y(¢) véi anh Laplace
EnUi(s)
gq,U
Y(s) = 21 :l(s) )
. \EalUi(8)
Do uy(t) va y;(t), i=1, ... , s ¢6 chudn vd cung hitu han nén cic ham £, .5, ... .
&, phii 1a nhing ham bén. Tudng ty ta ciing chi ra duge t4t cd cac phan tu g;la
nhiing ham bén T dé suy ra tat ca cac ham géc cha chiing ¢6 chudn bac 1 hitmhan. O3
Vi du 6: X4t hé ¢4 phuong trinh trang thai
dx (-1 1 10 . 1 -1)
—_—= X + u va y= X
dt {0 -2 2 1 = |-1 1)
e ——

A B ; C
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trong d6

_(xl) _[ul) _(yl)
X = » u= ’ Y=
Xy g - Y2

tiic 14 hé c6 hai tin hiéu vao, hai bién trang thai va hai tin hiéu ra.
Ma trdn A c6 hai gia tri riéng 13 nghiém cia

s+1 -1

o S+2)S(s+1)(s+2)=0

det (sI-A) = det[

-
= Sl=-1, S2=—2

va ca hai nghiém nay déu nam bén trai truc ac. Boi vay A 12 ma tran bén.

Ap dung phuong phap bién d8i nguge toan tit Laplace ta co:

1
eAtZ_({_l{(SI—A)_l}=4e_l{(5+1 —1) ]=.L‘-l{ 1 [5-!-2 1 ]}

0 s+2 (s+1)(s+2) \ 0 s+l
1 1 t t 2
- - ~2F -
P T AR CAR ISR R F ] RS NFY)
0 1 0 e
s+2

Nhut vay qua trinh tif do cia hé sé dude xAc dinh theo dinh 1y 3.1 nhu sau

At (20 e_t e_t—eth _ 2¢7¢ 2(e_t—€72t)
y,(H=Ce Jio-[o 1)[ 0 o2t [ROT o2t Lo

Ro6 rang 1a véi moi xg = 0 tiy ¥ ta ludn b

0 0} _(o
A (o 0]&’ (o} :

tdc 1a khi bj danh bat khoi goc toa d6, hé sé tit quay vé duge gbe 0. Nai cach khac hé 6n
dinh Lyapunov (tai 0).
Bay gid ta sé tinh G() thong qua anh Laplace ca né

1 1
Gis) = CsI-AY'B+p=[2 O|[s+1 Gs+ls+2) |[ 1 ~1
01 0 1 -1 1
s+2
2 2 2 _2
s+l (s+1)(s+2) I =1} 142 s+2
0 1 -1 1 -1 1
5+2 $+2 s8+2
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-2t —~2t

o Gy =e7|5v2 st2 }=(2“’_2t ‘2"_26],
- € e

T day ta cé:

, . 2fe *dr -2[e ds
« of o —2F 2t 1 -1
”G(‘)’dt=f(zeﬁ2¢ _Zf‘Zt ]dt: 5 o =[—l l}’
0 - ¢ —fe7 %t [em%de 2 2
0 o
a2
v ré rang _ﬂG(t)ldt la s hitu han. a
i

Tit hai dinh 1y phat bi€u chung che sy nhan bit tinh 8n dinh cia hé tuyén tinh ta
thay nédi lén mét diéu mau chét rang d€ kiém tra tinh n djuh ta chi cdn xét xem céc
diém cyc (hay gia tri riéng) ciia hé c6 ndm bén trai truc 4o hay khong. Vay lam cach nao
dé c6 thé xac dinh dugce vi tri nghiém ciia mét da thic

A@B)=apta;s+ azs?' + -+ ansn {3.10)

ma khéng phai tinh cu thé nghiém dé. Cau tra 13i 12 toin bd ndi dung cia nhimg myc
sau véi ting phuong phap chi tigt. Nlnmg trutée khi di vao cu thé cac phuong phap d6, ta
lam quen véi mat khai niém mdéi la da thite Hurwitz:

Binh nghia 3.3: Da thite (3.10) n€u cé tdt ca cac nghiém déu ndm bén trai truc do {c6
phéan thye Am, khac 0) duge goi 1a da théc Hurwitz.

Theo dinh nghia 3.3 thi ré rang cdn va di dé moét hé tuyén tinh duge n dinh (theo
¢d hai nghia BIBO va Lyapunov) i da thitc mau s§ chia ham truyén dat clia né (ciing 1a
da thiic dic tinh clia ma tran hé théng A) 1a da thitec Hurwitz.

Pé trong qua trinh dng dung cic phuong phap xét tinh én dinh sé dude trinh bay
sau diy dugc thodi mai va khong bi chi phai bdi thi ty cic hé s6 clia da thic ta cling nén
biét tink chdt d6i ngau cua da thic Hurwitz:

Pinh 1y 3.9: Da thic (3.10) 1a da thitc Hurwitz khi va chi khi da thice ddi ngiu véi né (cé
cic hé s6 duge x€p theo tha tu ngude lai):

2 n-t n
A*@)=a, +ta, s+ta, 8"+ - +as  +aps

{3.11)

cliing la da thic Hurwitz.

Chitng minh: Trudc hét ta thdy s"A(s ") = A*(s) . Do dé néu s 14 nghiém clia da thire
Hurwitz (3.11) thi do s 20, s;I ciing la nghiém cia A(s). Nh ing vi 53 va s,:] c6 phan thue

ciing d&u nén A(s) ciing 1a Hurwitz. Tuonug tu ta cé didu ngugic lai. )
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Tiép tue, ta xét da thic Hurwitz A(s) cho trong (3.10) véi cic hé sd a,i=01,...n
1a nhitng 56 thuc. Do A(s) 1a Hurwitz nén tit ca nghiém cia chung phai cé phan thuc Am
va cling vi a; la 56 thue nén néu A(s) ¢6 mdt nghiém phite —gy+ja, v8i g, >0 thi né cling
phai c6 nghiém lién hgp véi né —ap—jmy . N6i cach khac da thac Hurrwitz A(s) phai co
dang

f—A(s):H(s+§j)[(s+ak)2 rofl, (3.12)

trong d6 &, o}, la nhimg s thye dusng. Viét lai (3.12) dudi dang da thic réi so sinh véi
(3.10) ta s& c6 didu kién cdn dude phat biéu nhu sau:

Binh ly 3.10: Néu da thic A(s) cho trong (3.10) la da thitc Hurwitz thi tat cd cic hé s&
thuc a;, £ = 0,1, ..., n cia né phai cung d&u va khac 0. Nén A(s) la da thic 6 bac
nhé hon 3 thi phat biéu trén khong nhiing 1a cdn ma con 1a Q.
Chu ¥ ring khi A(s) ¢6 bac tit 3 trd 1én thi phat bidu trén chi 1a didu kién cAn. Didu
nay sé duge minh chitng bang vi du sau.
Vi du 7: Da thite
A(s) =53+ 32+ 1ls+51=(+3)s-1+4){s—-1~-4))
tuy cé tit ca cac hé sé cling dau va khae 0 (déu la cac 6 diong) nhung lai ¢é hai nghiém

uidm bén phai truc dola s, » = 1 4j.

3.23 Tiéu chuan Routh — Hurwitz

Bai toan xAc dinh sy phan bé nghiém ciia A(s) trong mat phéng phitc ma khéng
phai gidi phuong trinh A(s)=0 dugc nédu 1én lin diu tién béi Maxwell. T d6 day lén mét
trao Iuu di tim 13i giai cho bai toan véi hing loat cAc k&t qua c6 tinh k& thita lin nhau
xudt hién vao nlta cudi thé ky 19 va k&t thuc 6 diem dinh bing hai dinh 1y ciia Routh va
Hurwitz cho trudng hgp nghiém duge phan bd v& nita trai mat phing phic cia bai toan
Maxwell. Ddy la hai dinh 1y dude xAy dung trén nén cliia hang loat nhitng k&t luan di
trude, trong dé cht y&u 1a cac dinh 1y cha Hermite-Biehler va ctia Schur phét bidu nhu
sal

Pinh ly 3.11 (Hermite-Biehler): Néu mét ham phirc f{s) viét duge dudi dang
f(s)=A(s)+jB(s) (3.13)
trong dé A(s), B(s) 1a da thitc c6 hé s6 thue, thi hai phat biéu sau la tuong duong:
a) Tat ca cac nghiém clia f{s) = 0 ndm cting phia véi truc thue (cé cac phén ao
ciing ddu va khac 0)
b) Ca hai da thitc A(s), B(s) déu cé nghiém don. Toan bd cac nghiém cla ca hai da
thidc A(s), B(s) 12 nhitng s& thuc va khae nhau timg ddi mot.
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Dinh ly 3.12 (Schur): Cin va da dé da thitc bac n

A s}=agtas+ a232 + et ans" (3.14)
trong dé a; eR, i =0,1, .., r, 1a da thic Hurwitz la
a) agpvaa, coeing diu va khic 0.
b) da thac bacn-1

Apy(8) = ay + (@50, — aguy)s + ays” + (a,a) - agag)s® +ags'+ -
ciing 1a da thic Hurwitz.

Ta c6 thé thay dinh 17 3.12 cha Schur ¢6 mdi lién quan chit ché véi dinh 1§ 3.11 cla

Hermite—Biehler. Ching han nhu khi dinh nghia hai da thic ¢ ciing hé s6° nhu cia
(3.14) nhung véi chi s6 chin va 1é riéng biét:

Ciis) =ag+tass + a432 + .
Lis)=a,+ays+ a552 + -
thi da thitc A(s) cho trong (3.14) sé& trd thanh
2
A, (s) = Cy(s%) + sLy(sD).
Xét ham phitc
. 2 . 2
As)=A,(s) = C\(=s") +jsLy(-s")
ta thiy cdn va du dé A(s) 1a da thic Hurwitz 1a toan bo nghiém cha f(s) phai nim dudéi
truc thire. Theo dinh 1y 3.11, khi d6 cac nghiém cia C,(=s?), sL,(-s>) phai 1a nhiing s&
thuc khac nhau tiing d6i mét. Piéu nay titong dudng véi viée tit ca cac nghiém ctia C,(s),
L,(s) phaila nhitng s8 thyc Am khac 0. Goi —y, 1a nghiém ctia C,(s) vd -7 1a nghiém ctia
L,(s). Khéng mat tinh tdng quat ta cé thé gia thidt

O<ri<m<ypa<mg<--. (3.15)
Vay thi do

e _1 .1,

@ ri Yo

.11y

a, s
ta cing cé tir (3.15)

as a
2 >3 o  aa;-auy>0.
ao a

Tiép tuc lai xét nhiing da thitc bac th&p hon thi ta sé chi ra dugc riing cic hé s6

a,, (a:a;—agay) , as, (@a,~apas) ,ag, -
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déu duong va khac 0.
Cai tién hai dinh Iy 3.11 va 3.12, Routh da thyc hién phép chia C,(-s) cho Lf-s")
8 6 Cy(—s") rdi lai chia tidp L,(-s7) cho Cy(—g") & ¢6 Lo(-s?), - . Cit nhut vay cusi cimg
thu dirge day da thic (con goi Ié day Sturm)
Cy(~5"), Ly (-5"), Co-s7), Ly(-5"). Ca(=s"), Ly(=s"), -

cé bac giam dédn cho t6i 1, trong d6 dé da thitc bac 1 13 Hurwitz thi cac hé s6 cia né cang
dau va khac O la da (dinh 1y 3.10).

Coéng thic tinh hé s6 cac da thic Ck(—s?‘), Lk(—s?‘) da duwge Routh bidu didn dudi dang
bang (con goi 12 bang Routh) va nguyén tic xét tinh Hurwitz cia mét da thic

2 n st .
A@B)=agta;s T ass + - +ap,s vl a; >0,i=01, ..., n

dua vao dinh ly 3.13 nhd bang d6 ciing di ditge Routh trinh bay lai thanh cac bude tinh
rat tién cho viée si dung. Ta s& goi "thuat toAn" gém cac budc tinh dé cia Routh i tidu
chuén Routh. Tidu chudn Routh duge phat bidu uhu sau:

Tiéu chudn Routh

1) Lap bang Routh ti cac hé sd'a; €R, i =0,1, ..., n, clia A(s):

ag as a, o
a, as g
_ aay —apay = @184 ~ Q98 _ &ag ~Qg0y
n=——m—m™m-— p=—— Az ————
a, al al
_hna-ab _ 95— a4
Y= Po=
N 1 i

2) Da thitc A(s) 1a mét da thie Hurwitz khi va chi khi cac hé s6 ay, aq, 71, 72
trong c6t ddu cha bang Routh 14 nhiing s& dudng khac 0.

3) S5l4n déi ddu trong c6t ddu bing s6 cic nghidm ciia A(s) nam bén nita hd bén phai
mat phang phiic (c6 phan thyc dudng).

Thoat méi nhin, bang Routh ¢6 vé nhu phitc tap va khé nhd. Song néu dé ¢ ta sé
thay ¢ day vige lap bang Routh c6 quy luat don gian:
~ DBang dude lap theo timg hang, sau khi két thic hang trén thi méi lip hang dudi.
Hai hang d4u tién duge 1ap ti cic hé sb cia da thue, trong d6 hang ddu la cac hé
s6 c6 chi $6 chiin va hang thi hai la cac hé s8 c6 chi 56 16.
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~ C#c phan ti trong méi hang tiép theo dude tinh tif hai hang ndm ngay trude né.
Mubn tinh phdn td 8 mét cét ndo dé trong hing, ta 14y bén phén ti 6 hai hang
nim tride bao gbm hai phan tir thude cot dau tién va hai phin tit thude et chia
phan tir dang phai tinh. Sip xép bén phan ti theo thit ty tit dudi lén trén va tit
trai sang phai d€ duge mét ma trin réi tinh dinh thdc ma tran dé.
— Qua trinh lap bang sé& ding khi gap phén t1 ddu tién trong hang bang 0. Khi dé
ta k&t luan hé khéng 6n dinh.
Vidu 8: Cho da thic
A(s) =5+ 165 + 185°+ 8s° + 5.
Lap baug Routh (cac 6 khéng c6 phdn tl ditge xem la bang 0)

5 13 1
16

15,5 1

6,97
1

Do tat ca gia tri trong cot ddu déu duong nén ti't ca cac nghiém cha da thite da cho déu
c6 phan thyc am. : a

Vidu 9 Cho hé c¢6 ham truyén dat thuc-hitu ty, hop thic véi da thitc miu sé

Afs) =5+ 165 + 257+ 85" + s*.

Lap bang Routh (cc 6 khéng c¢6 phdn tit dude xem la bang 0)

5 2 1
16 8
-0,5 1
40
1

Vi gi4 trj trong ¢t ddu khéng ciing dau nén hé khéng én dinh (ta't ca cdc diém cuc khéng
ciing ndm bén trii truc do). Hon nita chiing ddi dau hai lan (tir 16 sang —0,5 va lan thi
hai tir —0,5 sang 40) nén sé& c6 hai diém cyc ¢6 phan thuc duong. )

Vi du 10: Xét hé c6 ciu tric nhu d hinh 3.5, trong d6

5+4

G(s) = - .
s(s+2)(s* +05+1) -,T_. k |y G(s) .
Hiy tim hé s& khuéch dai k d& hé duge 6n dinh.,
Trude hét ta xadc dinh ham truyén cda hé: )
Hirh 3.5: Cho vidu 10.
kG(s) _ Dk(s+4)

Gls) = T .
1+kG(2) 25 4557 +45° + QR+ )% 8k
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Sau dé lap bang Routh

2 4 8k
5 2k+4
0,8 (3-k) 8k
2k + 24k -6)
k-3
8k

Dé hé én dinh thi phai ¢é cac gia tri cét ddu déu ditong, tic la

3-k >0 = k<3
2
2_(@__%@>0 = -24,3 <k <0,247

Két hdp chung cac diéu kién trén lai ta dude
0<k<0,247. 0

Chi y: Bang Routh trong vi du 10 duge 1ap bing cach ddoe ngude vi tri thit ty cac hé
§6 clia da thite. D6 khéng phai la sy nhim 1an ma & day ta da ap dung dinh Iy ddi ngéu
3.9 nham lam gidm s& cac phan t ¢6 chita tham s6 & ¢ c6t dau tién, tic la giam sd cac
ba't phudng trinh phai tinh.

Nhut vay, néu dé y thém dén dinh 1y déi nghu thi bang Routh ciing con ¢6 thé dudge
lap nhu sau:

an Gp-2 Qpey

an-1 pn-a An-5

ﬂ1= Ap18p-4 —0pQ,_; 2, = An18n-6 —0nlp_7
1=

Qp_| an-1 2n-1

- hNnay-a b =119 —aji :

Tidu chudin Hurwitz

Mbt tiéu chudn khac ¢6 ho hang gin v tiéu chudu Routh c6 tén la tidu chudn
Hurwitz. Hurwitz d¢a dua vao dinh 1y 3.11 cfia Hermite-Biehler dé xét sd 14n thay déi
d4u trong diy cae nghiém caa da thic

A(s)=ao+als+a252+l-- +a,ls"z vii a;>0,i=01,...,n (3.16)

théng qua gia trj tich phin dudng bao kin nita mat phing phiic bén phai clia né va di
dén k&t luan nhit sau:
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1) Duyng-ma tran H kiu (nxn) tit caic hé s6 @; > 0,i=0,1, ... . n ciia da thitc A(s)

ay ag Qg

H=

4

ap Qg ay 4ag

0 a a3 as - (3.17)
0

ang as a,
2) Xac dinh cAc ma tran vuéng H; , i = 1,2, ..., n 14y ti H sao cho H; ¢6 dung i phén
tu trén ditgng chéo chinh giéng nhy H:
a; az as a
a, as ag 1 3 5 7
a a a; as a4 a
HI:alv H2= ! 3 R H3= aQp a3 a4, H4= o 2 4 6 .
ag Qs 0 a, ag Qg

0 a a:
v 0 ay a, a4

3) Tinh dinh thie D; = det(H;), i=1.2, ..., n.
a) Da thitc A(s) cho trong (3.16) sé 1l da thiuc Hurwitz khi vi chi khi tat ca cac
dinh thie D; 1a nhing s6 dwdng (D; > 0).
b) S&14n ddi dau trong day
D; Dy D,

D_l f Dg y  eee "Dn_l

Dl . D2 s
bing s8 cac nghidm ném bén phai truc phic cia As).

Vidu 11: Xét da thic

A =05+s+ ‘2.92 + 333.

Da thic nay co

1 30 L3 1 30
H=05 2 0 = H=1, H2=[05 2), H,=[05 2 0].
0 1 3 o 0 1 3

Suyra
Dl= 1, D2=0,5, D3:3D2= 1,5.

Do tit ca 3 dinh thic D, Dy, D, 1a nhitng s6 dudng nén tit ca cac nghidm cta A(s) déu
nam bén trai truc do. O
Vidu 12: Xét da thuc

A(s) =51+ 113+32+33.

Ta lap cac ma tran H, , H,, H,ycla da thic:
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11 1 0 111
H=|51 1 0] = H=11, sz[ ) H,=|51
51 1
0 11 1

va tit dd cd du’dc

D|= 11, D2=—40, D3=D2=—40‘

11

1

11

Didu nay né6i ring khéng phai tdt ca cic nghiém cia da thire déu nam bén trai truc ao.

Ta xét tiép day

. D,
D,=11, D,=-40, %:—3.63. S

1 2

Vi cac 86 hang cha day d8i dau hai 1dn (mét 14n tir 11 sang —40, ldn tha hai tir -3,63

sang 1) nén da thiitc A(s) cé hai nghiém nim bén phai true so.

Vi dy 13: Tim diéu kién cho tham s £ dé€ hé c6 ham truyén dat
1

Gie) = m——
3+2s+{k+2)s" + ks”

dude &n dinh.

Ap dung tidu chudn Hurwitz vai A(s) = 3 + 2s + (k+2)sg + ks , tic la

2 k& 0

2
H=|3 £+2 0 = H, =2, H2=[ k J,Hg,: 3 k+2 0

0o 2 & 3 k+2

ta dude
D1=2, DZ:—k+4, DasznZ:k(—k‘i"l).
Viy dé hé 6n dinh thi phai cé

k(—k+4)>0 O<k<4

_ 4
{’”4)0 o {’“ o 0<k<4,

2

0

[

2

0

k

o

a

Chir y: Néu dé ¥ dén tinh chat déi nglu cla da thic Hurwitz (dinh 1y 3.9) thi ma

tran H cho trong (3.17) ciing ¢6 thé duge tap vdi cac tham s§a; > 0,i=0,1, ... , n cha da

thiic A(s) nhung theo thir tu nguge lai uhu saw:

Ay 843 BGnp-5 p-7
an Ap.y Qp.g Qp_g
H= 0 Apy Qp3 s

0 ap Qp-y Qp-4
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3.24 Tiéu chuan Lienard-Chipart

Thue ch&t, tiéu chuéin Lienard-Chipart 1a mot hé qua cua tiéu chuin Hurwitz. N6
giip cho ngudi sir dung giam bt duge s6 lugng cac dinh thiue D; = det(H;),i=1,2, ..., n
phai tinh khi ki€m tra tinh én dinh cila mét hé théng. Chang han nhu vi

D,=a,D,,,
nén néu nhit da 6 a,>0, D,2,>0 thi dudug nhién ta eling c6 D, >0. Do d6 viéc kiém tra
diéu kién tiép theo I, >0 c¢6 duge théa man hay khéng 1a khéng cin thiét.

Vit lai tiéu chuin Hurwitz cho cac da thic A(s) vai nhing bac cyu thé:

1) #n=1: A(s) la Hurwitz < ag.a; >0.

2) n=2: Ats) la Hurwitz & ag.a;,ay >0.

3) n=3: A(s)la Hurwitz < ag.a,2s >0 va a,ay- apag >0.

4) n=4:  A(s) 1a Hurwitz = ag.ay.ay >0 va ay{a,ag-agay)— a12a4>0.

Lienard—Chipart dz'l xay dung duge m&i quan hé tong quat gita H,; (ma tran c6 chi s¢
chan) va Hy;,; (ma tran c6 chi s6'18) roi ti dé di dén két luan nhu sa:
Pinh ly 3.13 (Lienard-Chipart): Da thitc
A(s)=agtas+ azs2 + -+ a,lsn', @ay>0)
14 Hurwitz khi va chi khi:
a) hodca; >0,i=0,1,...,n va det(Hy) >0, i=12,...,
b) hodca; >0,:1=0,1, ... ,nvadet(Hy,)>0, i=12 ...

R6 rang la véi tién chudn Lienard—Chipart, s§ lugng cdc phép tinh phai thye hién
chi biug mét nia so véi khi st dung tryc tiép tiéu chuan Hurwitz.

Vi du 14: Tim gdiéu kién cho tham s6 £ dé hé ¢6 ham truyén dat
1
4+ks+(k+3)32 +s7

G(s) =

duge &n dinh. Ap dung tiéu chudu Lienard—-Chipart voi A(s) = 4 + ks + (Az+3)s2 + sﬂ, ta cé

k>0, R+3>0
va (chi can xét D, =det(H,) thay vi tdt ea D, , D, va D)
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kR 1 0

k 1
H=|4 k+3 0 = th:( J = det(H2)=k(k+3)—4 >0.
o & 1 4 k+3

Vay dé hé én dinh thi % phai théa min:

k>0 o k>0 - B> o
{(k-1)k+4)>0 k<-4 hoac k>1 ’

3.2.5 Tiéu chudn Michailov .

Khic véi titu chudn Routh-Hurwitz, tidu chudn Michailov dia vao ham A(jw), thu
dirge tit A(s) bing cach thay s bdi jw, d&€ xét tinh Hurwitz chia A(s). Chinh xAc hon nita,
n6 xét tinh Hurwitz cua A(s) trén cd sd dang d6 thi clia A{w), boi vay tidu chudn
Michailov dugc xép viio nhém céc tiéu chndn hinh hoc.

Xét da thite hé sd thue
AB)=ag+a;s+ a252 + e+ ansn, (@,>0).
Goi cic nghiém caa A(s) la s, £ = 1,2, ... ,n. Khi d6 A(s) s& vi€t duge thanh:
A@) = a,(s-51)(s-83) - (5—-8,)
o Afw)=a,(Jw~-5)(Jw—-83) - (Jw-5,).

K¢ higu @ = arg A(jw) 12 gic pha cua A{jw), tic 1A A(w) = | A(e) ]ejw thi

n
p=arg A(jw) =arga, + >, arg(jo-s;). (3.20)
k:IT

Xét sy thay ddi cia riéng thanh phan @, =arg (jo -s;,) trong céng thic (3.20) khi w di tit

—o ¢&n o, ky hiéu bdi Ap,= Aarg (jw —s3), bang cich hinh dung nhir ta da ding tai

—W LSO

diém s, va nhin theo diém @ chay trén tryc tung tit -« dén «, sé thay (hinh 3.6):

1) Né&u sy nim bén trai truc 4o (truc tung) thi géc nhin cta )
P N AJo
ta ¢6 46 rong la .

2) Ngugc lai néu s; nim bén phii true do (truc tung) thi géc

3 . 8
nhin la -~ k fed

3) Néusp=jw, nam trén tryc ao thi goc nhin khi @ chay tir

\F

-0 déh @y, va tit w), d8n o (w+#w}y,) sé bang 0.
Hinh 3.6: Tinh goc pha.

Suy ra
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r  unéu Re(sy)<0
Aarg (w-s;)=1-7 néu Re(s,)>0.
eswse 0 néu Re(s;)=0
Két hop véi (3.20) thi
Aarg A(w)=nr

—mSmi®

khi va chi khi tdt ca » nghiém s, , £ = 1,2, ... .= déu ndm bén trai truc o. Dién-t'é d;ié‘u &6
bang 13i ta dudc "A(s) 1a da thire Hurwitz khi va chi khi véi su thay déi clia @ tit o6 8
+ao dudng db thi A(jw) bao gbc toa do mat goc diing bang rr'.

Nhung néu dé y thém diéu kién A(s) 1a da thic hé s6 thuc, ticlag;, i = 0,1, ... ,n la
nhimg s6 thue thi do khi dé duong A(fe) vii @ tit —o dén +o co dang déi xing-qua truc
thue, phat biéu trén sé ¢o dang tusng dudng sau:

Pinh ly 3.14 (Michailov): Pa thic hé sd thuc
AG)=ag+a,s+ags + -+ a,s’",

1a Hurwitz khi va chi khi dudng dé thi AGw) véi @ di tit 0 d€n +» bao quauh gée

toa d6 mot gée diing bang p'z—” . Noéi cach khac

A(s) la Hurwitz “ Aarg Ay = 225- .

Ocwsgew
Vi du 15: Xét da thite bac 313 A(s) =s" + 3s” + 35 + 2. Da thic nay c6
A(o) = (2-307)+j(Bw- ). B

Hinh 3.7a) biéu dién dé thj cua A(je) va tir db thi d6 ta nhan thay A(w) dl qua 3 gdc
phdn tu cia miat phdng phie theo chiéu nguge kim déng hé, tic 1a bao géc toa 6 mat

gbc dung bang §2£ Vay theo tidu chuan Michailov thi A(s) 1a da thiae Hurwitz. . a

» -

Y ImAGew D) ImA(w)

,1".: o

Hinh 3.7: a) Minh hoa vidu 15
b) Minh hoa vi du 16
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3
3

——5—— ¢b da thic dc tinh
s'+8°+8+0

vidu 16: 2 véi ham truyén dat G(s) =

AE) =5 +5 +s+86.
& Afa) = (6-0")j(e-a).
Hinh 3.7b) 1a 4 thi cha A{jw). Dudng d6 thi dé khéng bao goc toa d6, goc nhin A(jw)
tir goc toa do khi @ di tiz 0 dén += la % {nho hdn%ﬂ—). Bdi vay A(s) khong phai la da

thite Hutwitz, hay hé da cho khéng n dinh. 0

Troug khi viée xdy dung dé thi cho him A(jw) ctia nhiing da thic A(s) c6 bac tuwdng
d6i nhd kha don gidn thi d nhimg da thic bae cao (tir 5 tré 18n) 1a ra't khoé thyc hién néu
nhu khéng st dung nhimg céng cy mé phdng. Chinh vi han ch€ ndy ma tiéu chuén
Michailov it c6 y nghia thue t&. Song bt lai, nhu sau nay ta sé& thiy, tidu chudn
Michailov lai ¢é ¥ nghia to 16n v& mat 1y thuyét va 1a tién d& cho mét loat cac tiéu chudn
khac nhu tidu chusn Nyquist, tiéu chudn Kharitonov ....

Hinh 3.8 14 dang d8 thi ctia ham A(jew) cho hé ¢6 da thic dic tinh bac 4

2 3 4
Afs) =ag+as+ass™ + a8 +as

A ImA }Im A

. khang 8n dinh (,\ &n dinh [j
N\ AW
Re A \ Re A

Hinh 3.8: D3 thi dudng da thdc dic tinh cba
hé béc 4 cho hai tnidng hgp: &n dinh va
khong &n dinh.

Téhg quat tit dang dudng dd thi 46 ta rit ra duge mét sd hé qua sau clia tidu chudn
Michailov:
Binh ly 3.15 (Hé qua cda dinh ly Michailov):
a) Giao diém ctia duong quy dao bidn pha A(jw) cha da thitc Hurwitz A(s) véi truc
thuc phai nim xen ké giita nhiing giao diém clia né véi trye Ao,
b) Gi tri tai hai giao diém k& nhau clta A(jew) véi truc thyc clia da thice Hurwitz
A(s) phai trai ddu nhau.
¢) Gia tri tai hai giao diém k& nhau ciia A(jw) v6i truc do cia da thitc Hurwitz
A(s) phal trai ddn nhau.
Cha y: Trong mdt sé tai lidu, vi du [5], tiéu chudn Michailov con duge goi 1a tiéu
chuan Cremer-Leonhard.
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3.2.6 Tiéu chuidn Nyquist va cac phat biéu tuong dugng

Trong khi tiéu chuin Michailov khéng tim dude sy Ung dung trong thuc t& cho
nhitng hé théng tuyé&n tinh cé da thic diic tinh v8i s bac tuong d6i 16n thi ngude lai mot
tidu chuan phat trién tir 16 la tidu chuan Nyquist lai duge sit dung rat nhiéu. Gidng nhu
tiéu chudn Michailov, tiéu chudn Nyquist thuge nhém céc tiéu chuin hinh hoc. Khac véi
tiéu chuin Michailov, tiéu chuin Nyquist dude sit dung dé xét tinh én dinh hé c6 hdi
tiép (con goi 12 Aé kin) va do thi ma né st dung la dudng dic tinh tdn bién pha cia hé
théng va dé cang chinh 1a mét trong nhilng d6 thi thudng ditng dé ms ta hé tuyén tinh.

Xét mot hé kin phan hdi am véi hai khau tuyén tinh dude méc nhu d hinh 3.9. Hai

khau tuyén tinh dé cé6 ham truyén dat hdp thitc S(s) va R(s). Khi dé hé kin hdi tiép sé

duwge md ta boi:

» a R(s)S(s)
hye: = s
1) Phan hai thye G(s) T+ R#)S(s)
e S(s)
2) biéu khién phan héi: G(s) I~ R5)86)
o el . = 1
3) bDiéu khién thye: G(s) T RS RG)SE)
® ¥(® w(t) @ w(t) (£)
w4>(1?—r S(s) R{s) > T S(s) u -y>
- __Re :_] "R |d Ses)
Phén héi “thyc” Diéu khién phan héi Pidu khién "thyc”

Hinh 3.9: M&t s8 dang hé hodi ti€p thudng gap.

Nhat vay tit ca cac dang héi tiép dd xét § trén déu 6 ham truyén dat vii mdt mau
56 chung 1a ham sai léch phdn hdi

F(s) = 1+ R(s)S(s).

R6 rang rang hé héi tiép s& én dinh khi va chi khi cdc nghiém cta F(s) déu cé phin
thyc 4m (mdm bén trai truc 40). Goi A(s) 1a da thic man s6 ¢6 bac n, B(s) 1a da thic ti s&
cia ham truyén hé hd, tic 13 cia tich R(s)S(s):
B(s)
A(s)

R(5)S(s) =

thi véi
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A(s)+ B(s) C,

Fe& ==

nghiém caa F(s), tic la diém cyc clia hé kin, s& la nghiém caa

Als)+ B(s) =0 (3.21a)
va diém cuc ciia hé hd R()S(s) ciing 1a diém cye cta F(s), tie 14 nghiém ca
Afs) = 0. ‘ (3.21b)

Do bac ctia B(s) khéng thé 16n hon bac cua A(s) — diéu kién kha thi cha hé théng,
tic 1a cdc ham truyén R{(s) va S(s) la hgp thite — nén F(s) cling phai 1a mét ham hop thue
khong chat va do d6 s6 diém cye cia F(s) cling chinh bing 86 nghiém cln né. Goi py, la
nghiém cua (3.21a) va g, 1a nghiém cla (3.21b) vé1 & = 1,2, ... ,n. VAy thi F(s) sé c6 dang:

(s=pMs—ps) - (s—p,) (3.22)

Fis)=¢ .
(5-q1)s—q9) - (s~qy,)

trong dé ¢ 1a hang s8. Day chinh la néi dung dinh 1y Hsu-Chen dude phat bidu nhu saw:

Dinh ly 3.16 (Hsu-Chen): Hiam sai léch phan hdi F(s) ctia mt hé héi tiép ty 18 thuan véi ty
86 gilta da thite ddc tinh ctia hé kin va da thitc diic tinh cha hé ha:

da thuc dac tinh hé kin

da thdc de tinh hé hé

F(s) ~

Ti&p tuc, tir (3.22) cb:

n
Aarg F(jo) = z{ Aarg (jo—p,)- Aarg (jm—qk)]. (3.23a)
—-MEMEN kell-*swi= et 1Ot

Tuong ty nhu & tiéu chudn Michailov, ta dirge:

7  néu Rel(p,)<0
Aarg (ju—-p)=4-r néu Re(p,)>0 (3.23b)

Tomee 0 néu Re(py)=0
z nén Re(g,)<O
va Aarg (Jo—q)={~7 néu Re(qk)>0t‘ (3.23¢)
— LA

0 néu Re(y,)=0

Bdi vay, ndu goi:

14 s6 cac diém cyc hé kin ¢é phin thyc duong,
la s& diém cuc hé kin nim trén truc do,

la 86 cac diém cye hé hd 6 phan thue dudng va
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- ng 12 s6 diém cyc hé hé nim trén tryc do,

thi tir ba cong thite (3.23a), (3.23b) va {3.23c¢) ta cé:

Lo 0 0
Aarg F{w)=@—np-np)a— npa—(n—nj—ng)n+ n

p
—nEW LM

4

a”

= (2n;+n2—2 n;"ng)ﬂ.
Suy ra:

Dinh Iy 3.17: Cin va di d€ hé hoi tiép én dinh 1a n}, =n8= 0, tic 1a phai o

Aarg F(jw) = (2 n; + n2 )z,
- L

hay duong quy dao F(jw) véi —co< @< phai bao gdc toa d6 mét gée (2n, +n3 ).

P& ¥ tiép quan hé
F(s) =1+ R(s)S(s)
L_.V_J
Gy(s)
dinh 1y 3.17 s& dige phat biéu lai nhut sau:
Pinh Iy 3.18 (Nyquist): Can va du dé hé héi tiép 6n dinh la

Aarg [1+G,Gw)] = (2 u;+n2)z .

—wSws»m
tronug d6 n, la s6 cac diém cuc hé hd 6 phén thuc didng, ng 13 56 diém cyc hé hé

ndm trén tryc ao.

Tuy nhién dang thuong gip nhat trong ing dung cua tidu clhuﬁ’n-Nyquist 1a hé hd
on dinh, tic 13 ham truyén dat Go(s)=R(s)S(s) ctia hé hd 1a ham hén. Trong trigmg hop
nhu vy thi n, = 112 =0. Do d6

Aarg [1+Gy(jw)] = 0, (3.24)

—WEWEH
s& 1a didu kién cdn va di dé hé kin én dinh. Béng 15i, difu kién (3.24) duge dién ta la
dudng quy dao bién pha 1+ Gy(je) khéng di qua va cling khoug bao gde ton d¢. Didu nay
tudng duong vdi viée dudng Go(jw) khong di qua va khong bao diém -1+0;7. Néu dé y
thém ring céc hé s8 cia Gy{jo) thudc trudng s6 thyc thi do dudng quy dao ¢ dang 461
xing qua truc thye, ta s& c6 mét hé qua cia dinh 1y 3.18 nhu sau:

Pinh ly 3.19 (Truong hop hé hd 8n dinh): Xét mét hé héi tiép (kin), phadn héi 4m c6 ham
truyén cua hé hd 1a ham bén, tic 1a hé hd 6n dinh. Khi dé hé héj tiép sé én dinh khi
va chi khi dudng quy dac bién pha Gy(jw) cia hé hd Gyls) =R(s)S(s) vl @ di tit 0
dén +o khong di qua va khong bao diém —1+0; .
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Pé tién lgi cho viéc kiém tra xem dudng dudng quy dac Gylim) ¢b di qua hay bao
diém —1+0j hay khéng khi @ chay tit 0 dén +oo ta c6 thé st dung quy tdc ban tay trdi
nhu saw;

Binh ly 3.20 (Quy tc ban tay tréi): Trong trudng hgp hé hd én dinh thi hé kin s& én dinh
khi va chi khi diém -1+0j luén ndm phia bén trai dudng quy dao bién pha Gyiiw)
cila hé hd néu ta di doc trén Gy{j) theo chiéu ting ctia @ tit 0 dén +e.

Hinh 3.10 dudi ddy minh hoa cho tiéu chuin Nyquist & trudng hgp hé hg én dinh.

Hé kin sé n dinh néu nhu géc nhin tit diém -1+05 lén dudng quy dao Go(jw) khi o di tit
0 dén +o bang 0.

ImGo ImGo L]:l'l'lG"O
A 4
-1 I ReGy ReGo /\{1, ReGy
-1 .
H$ Kin 8n dinh H& Kin khang 8n dinh H® kin 8n dinR

Hinh 3.10: Minh hoa tiéu chudn Nyguist.

Vi du 17: Bén canh viée kiém tra tinh én dinh cha hé kin théng qua dang quy dao dudng
déc tinh, tin s6 bién pha ctia hé hd, tiéu chudn Nyquist thudng duge sit dung d€ xac dinh
tham s6 bd diéu khién sao cho hé kin én dinh.

Xét mét hé phan héi Am nhut hinh 3.11a) mb ta, trong dé déi tagng duve gia thist 1a
¢6 ham truyén dat bén
1

2]
l+a;s+ass™ + a3s3 + (24.9’@l

S(s) =

tite 14 cic hé s ay, agy, a3, a, théa man diéu kién 13 nghiém cla
1+ a,s+ a252+ a333+ a434=0 .
d&u ndm bén trdi tryc ao.
Ham truyén cda hé h khi d6 sé la
k

5] :
l+a18+as8™ + a3s3 +t1‘,s4

Gols) =

Bai toan dit ra la phai tim k dé hé kin 8n dinh. T4t nhién ring bai nay cé thé gidi
nhé tigu chudn Routh—-Hurwitz, nhung & day ta sé sit dyng tiéu chudn Nyquist.
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Do ham truyén ciia hé hd dd dude gidi thiét 1a ham bén (hé hé én dinh) nén theo
dinh 1¥ 3.19, ta chi cin tim £>0 sao cho duong quy dao Go(jw) khi @ ting tit 0 dén +w
khéng di qua va khéng bao diém -1+0;.

T ham truyén cda hé hd ta cé:

kA ; kB

Go{ie) = — 7 —J ;
0 AZ+BY T A%+ B
ReGy(jrw) ImGy(jw)

trong dé A= l—aza)2+a4w4, B=om- a3ca3.

a) b) “ImGO
ReG,
£ | SEs) |+ “o )

— -1

Hinh 3.11: Minh hoa vidu 17.

chiéu téng cia &

Hinh 3.11b) biéu dién dudng dé thi cia Gg(je) trong mat phang phirc. D§ thi nay cit

truc thuye tai diém tin s§ w>wg >0:

{ImGO(jw) =0 a
@ ab = —
O<cw<o a;
titc 1a tai tga dé:
k ka?

ReGy(iy) =

Alwg)  (af ~ajaqas +aiay)

Vay dé hé kin 8n dinh thi ta phai chon k sao cho:

ka? @ya0as ~ata, - al
5 3 5 >_1 = 0<k< 1 2 3 01 4 3 i
(a3 —ajacay +ajay) aj

3.2.7 Kiém tra tinh 8n dinh hé kin nhd biéu dé Bode

Didu dic bidt ciia tiéu chudn Nyquist phat bidu & dinh 1y 3.18 cang nhu 3.19 1a n6
ap dung dide cho ca nhitng trudng hgp ham truyén hé hd Gy(s)=R(s)S(s) c6 chita ca
thanh phén giit tré.

Né&u nhit bén eanh didu kién hé hd dn dinh (Gyfs) la ham bén) con cé gia thist thém
ring '

207



|Gof@) | <1 vdimoi 0L @<

thi do didng qui dao Gy(fe) khi d6 luén ndm trong dudng tron don vi nén né khong thé
di qua hay bao didm —1+0/ va vi vay hé kin én dinh.

Binh Iy 3.21: Néu ham truyén dat Gy(s) cita hé hd 1a ham bén, titc 12 hé hé én dinh, cé
|Goia) o= sup |Ggliew) | < 1 thi hé kin cling én dinh.
Ugws
Bay gid ta xét mét hé héi tiép phan hdi Am nhu 6 hinh 3.9 mé t4, cé6 ham truyén hé
hd Gyls)=R(s)S(s) 1a ham bén va
|Golied )= sup |Goliey | 2 1.

Ssa

Néu nhut c6 giai thiét thém ring dudng quy dao tdn

. ) A A ] T,
56 Gp(jw)-cht cit duong trén don vi mét 1an tai didm tén s& -
@¢ thi hé Kin sé 6u dinh khi va chi khi tai tdn s6 wp d6 » ReGg
ham Gy(fw) co gac pha 16n hon - -
Pc

pp = arg Gy(jwe) > -7, g
trong d6 tAn sé @, duge goi la tdn sé edt. Pidu khang dinh

trén ciing la d& hi€u vi khi dé Gy(je) khéng thé di qua  Hith 312 Gidithich tin so cét

cting nhu khéng thé bao diém —1+0; (hinh 3.12).

Binh ly 3.22: Néu ham truyén dat Gy(s) ciia hé hd 1a ham bén, céd sup [Golew) | 2 1

Oswzo

nhung dudng quy dao tdn s6 Gy(jew) chi cit dutong tron don vi mét 14n tai diém tan

58 cat wyr va tai d6 co @ = arg Gyljwe) > —r thi hé kin s& on dinh.
Véi ndi dung dinh 1% 3.22 ta c6 thé dé dang kiém tra tinh én dinh ctia hé kin khi da
higt dvge ring ham truyén dat Gy(s) ciia hé hd 1a hamn bén nha bidu dé Bode
L(a) = 20-1g |Gy(jew) | va Kew) = arg Gylfw)
ctia Gy(s). Nguyén téc kidm tra nhv sau:

1) Né&uL(w) cé doan nam phia bén trén truc hoanh thi sup |Go(fe) | > 1.

O
2) Dlé{n cat ctia Gy(jw) voi dudng tron don vi la giao diém cla L{w) véi tryc hoanh.
3). ‘Tén sé-cit @ 13 hoanh d6 giao diém cua L(m) véi truc hoanh.
4)  Goc pn = arg Goljw) 1a tung do cua ¢{w) tai tdn s& cat we.

5) 'He kin 8 dn dinh ndu @c nam phia bén trén duong @) = -
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Vi dy 18: Hinh 3.13 dudi ddy minh hea lai cdc budc thyc hién viéc sit dung dinh 1y 3.22 dé
kiém tra tinh dn dinh ciia hé hdi ti€p (phan héi &m) theo cic nguyén tic vita trinh bay.

Chéug han bing céc phudng phap thuc nghiém {do gia tri ham dic tinh tdn) ta da
xay dung duge bidu dé Bede ctia hé hé duge gia thigt 13 6n dinh nhit trong hinh 3.13. Tu
giao diém dudng L(e) cia biéu d6 Bode d6 véi truc hoanh (dugng ngang tai 0 dB) ta xic
dinh dugc tdn s6 cit e =1s~". Tiép tuc, véi tAn s6 cit d6 ta doc ra duge ti dudng o(w)

goéc pha pe=- 130°.

Vi po=-130° > -180° = =z nén theo dinh ly 3.22 hé kin én dinh. m}

p e R
40 dB L o 0
I O L o I 1 I R 11
2008 | - H g - HH A ] 30
I R B e N T I A 11T O W U1
0dB —1 + ' -60
N I COUCEE b

HE— NG H HH— - - HH ] 90
| 1R
4 L 200
|1 1THI
-60 dB . . |— DN LI —150°
| ™I
LLIITW —180°

-20dB

-40 dB

-8C dB

Hinh 3,13; Minh hga viéc st dung dinh |y 3,22 a8 kiém tra tinh 8n dinh ¢la hé kin.

3.2.8 Tiéu chuin Kharitonov

Nhitng tiéu chudn xét tinh 6n dinh hé théng duge trinh bay trén day nhue tiéu
chugn Routh-Hurwitz, tiéu chuian Michailov, tidu chuin Nyquist, ... cfn ¢6 gia thiét
rang mé hinh cta d6i tugng 1a chinh xic, tic 1a ham truyén dat hay ham dac tinh tan
phéi mé ta chinh xac hé théng. Tai sao lai nhu vay. Ly do don gian chi la vi cae k&t luan
vé tinh én dinh duge mit ra tit mé hinh (ham truyén dat, ham dac tinh tin) nhung lai
dugc phat bidu vé hé théng.

Yéu cu ¢6 mdt md hinh tuyét ddi chinh xic 1a mét su doi héi qua cao va c6 thé néi
khéng thé dip ing duge. Nhitng mé hinh hé théng ma ta c6 déu chita dyng mét sai léch
nhi't dinh so vdi ban than hé théng. Bdi vay cic két luan vé tinh én dinh rat ra tit cac
tiéu chudn di xét cling chi mang tinh tuong 4ok
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Yay lam thé nao dé xét diwge mot cach chinh xac tinh én dinh cia hé théng trong
khi trong tay ta chi c¢é duge mét mé hinh gdn ding cda hé thong. Cau tra 1di chinh 1a
mét phdn néi dung nghign ciu cta chuyén nganh Didu khién bén vitng. Bai toan xét tinh
on dinh ctia hé théng trén cd s¢ mé hinh khéng chinh xac vé hé théng duge goi la bai
toan 6n dinh bén vitng. ’

Khoang cuéi thap ky 70 Kharitonov da dua ra mét tidu chufn dya theo nguyén tic
da thitc Hurwitz quen biét, cho phép khao sat duwge tinh §u dinh cta mét lép cac mé hinh
tuyén tinh cing cau trie

1+bs+--+b,s™ _ B(s,b)

G(s,a,b) =
ap +a 8+ +a,s"  Als.g)

(3.25)

ay bl
trong do a, b 1a ky higu chi vector cic tham s a; , bj, ticlaa=| : |vah=|

an by,

Ky hiéu nhut viy ¢é muc dich 1a d& nhan manh sy thay déi cac tham s& d6 cho phu
hop véi hé théng. Né6i cach khac hé théng da duge nd ta bang ham truyén dat (3.25) véi

rit nhiéu cic tham s6 a; , b; khac uhau (mé ta bdi 16p gomn nhidu mé hinh). Mgt hé théng
duoc md ta bang ham truyén dat thue—hiru ty cé tham s& thay d6i nhu vay duge goi 12 Aé
khéng ré rang (uncertain system).

Theo dinth 1 3.7 thi hé ¢6 ham truyén (3.25) 611 dinh khi va chi khi G(s,a,b) 1a mbt
ham bén, tic 1a khi va chi khi

A(s.a)=ag+ a,s + ays® + - + a,s” (3.26)
la da thitc Hurwitz vdi t4t ca nhimg gia tri tham s§ a;, i=0,1, ... ,n ¢6 thé c6 cta né.

Binh nghia 3.4: Da thic (3.26) duge goi 1a Hurwitz chdt (strictly Hurwitz) nédu né la da

thic Hurwitz vi moi gia trj tham s6 a;, {=0,1, ... ,n thujc sién dién @

Q@=1la,er | af < a; <al ,i=0,1, .. ,n }.

cho tritde, trong d6 a; va a;' 12 nhiing s8 thyc da biét xdc dinh gidi han dudi va

trén cua khodng thay d6i gia tri tham sd «; (hinh 3.14).

Hinh 3.14. M6 1A sidu dign
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Dé xét tinh Hurwitz chit ciia da thite (3.26) trong siéu dién @ xic dinh khoang thay

d61 gia tri cac tham s6 @;, i=0,1, ...

1a bén de thue Kharitonov):

K/(s)=aj +a7s+a3s® +ajs® +ajs" +azs® +ads® +--

Ky(s)=ag +a;s+ajs® +a3sd +agst +ais® +afsb+.

K.s)=a} +afs+a;s” +azs® +ajs’ +ais® +a5sb +...

- - 9 ! - b - B
Kysy=ag +ajs+aszs* +a§s‘3 +ajs! +ags® +ags® +--

Cach xac dinh bén da thic Kharitonov (3.27) tir da thidc (3.26) va

cho efing twong dai d& nhd thee quy luit “dich trai 1 bit” nhu saw:

+
-+

Trudc hét ta chiing minh dinh 1y sau:

Binh Iy 3.23: Vi mét gia tri @ cf dinh, ham dac tinh
tin A(fw,a) clia A(s,a) sé cé gia tri ndm trong
hinh chit nhat véi bén dinh 13 cac gia tri cua bén
da thie Kharitonov (hinh 3.15). Ngoai ra, do
ham A(jw,a) lién tuc theo bién ae @ nén gia tri
cua A(Jw,a) s 1a toan bd hinh chi nhat dé khi
a chay khip trong Q.

Chitng minh:

+
+

+
+

+

+

+
+

+
+

+
+

+

+

,n ta sé xét tinh Hurwitz cia bén da thire sau (goi

(3.27a)
(3.27h)
(3.27¢)

(3.27d)

mién siéu dién @ da

Ky(jw)

K,(jw)

L

Hinh 3.15:

>

=)

Minh hoa dinh Iy 3.23

Trutde tién, ta nhan thdy tai mét gia tri tAn s& @ <6 dinh (uhwng tay $), da thue
A(jew,a) 88 chl conla hiim cia biénae@ va

A(jw,a_)=(ao—c12(u‘!+a4w4—

Bdi vay, tu

ol .<at
a; <a;<a;

ta sé cé:

a; —a3w +a5w

ag —qu +a4(o

LV =01, ....n

)+jw(a1—a3(o£+a5w4— <),

- < ImlA(o,e)) <af —aje’ +aio’ -

- $RelA(w.a)] €a} —as0® +alw! — -

trong d6 ky hidu Re[A (jw,a)] chi phan thuc va Im[A (few,a)] chi phdn 4o cla A (fe,a).

Hon nita, khi thay bign s trong cac céng thite (3.27a) + (3.27d) bang jw:
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. - 2 - . - 2 —
K \(jw) =ap —ajw” +ajo! —-~-+jm(a1 —aiw® +age’ —)

3 - 2 - . - 92
Ky(jod =ay —ajw® +ajw* — +Jm(a]+ —ase” +a5+(u4 _)
- + - 2 + 4 . + - 2 + .4
Ky(jw)y=ay —agw” +ajw —-~+J(o(a1 —azw* +afw _)
. - + 4 N PR R
K(jwy=ag —azw” +aje —---+_1(o(al —agzw” +agw —)

ta sé di dén
Re[K,(Jw)I=RelK;(jw)] € Re[A(Jw,a)] < Re[Kz(jw)]=Re[K,(jw)]
(K, Go)1=ImlK,Gw)] < ImlAGo,e)] € ImlKy(o)1=ImlKy(w)]
va d6 chinh 1a diéu phai ching minh. ‘ m)

Pinh Iy 3.24 (Kharitonov): Ba thic A(s,a) cho trong (3.26) vdi siéu dién @ cho trong dinh
nghia 3.4 v& miéu gia tri tham sé a] < a; Sal-+ , i=0,1, ... ,n 1a Hurwitz chit khi va

chi khi ca ban da thite Kharitonov (3.27) ciia né 1a nhitng da thite Hurwitz.

Chuing minh:
Diéu kién cin 1a hién nhién vi khi A(s,e) 13 Hurwitz véi moei g € @ thi né ciing la
Hurwitz véi a;=a; hoic a;= a; vid do d6 ca bon da thic Kharitonov ciing sé la

Hurwitz.

Chi con lai diéu kién dd la phai duge ching minh. Gia thiét cho ring bén da thic
Kharitonov (3.27a) + (3.27d) 1a nhiing da thitc Hurwitz. Vay theo tiéu chudn Mikhailov
(dinh 1y 3.14), cac dudng quy dao tAn s§ bién pha clia ching vé 0<w<o 88 phai xuit
phat tit mét di€m trén truc thue va di qua n géc mét phan tu trong mit phszmg phtc theo
huédng ngude chiéu kim déng hé, néi cach khac géc quay cia chiing (nhin tir gde toa dd)

bing 2%
g7

Cing theo hé qua cda tiéu chudn Michailov (dinh Iy 8.15) ta con cé:

- Giao diém cua dudng quy dao bién pha ctia da thiae Hurwitz vdi truc thuc phai
nam xen ké gitta nhitng giao diém clia né véi truc do (hinh 3.16a).

- Gia tri tai hai giao diém vdi truc thye ndm ké nhau phai trai ddu nhan.

- Gia tri tai hai giao diém véi truce do ndm ké nhau phai trai ddu nhau.

Quay lai viéc chimg minh diéu kién di. Hinh 3.16b) biéu dién minh hoa cac dudng
quy dao bién pha ctia bén da thie Kharitonov K {ja), Ky(fw), Kz(few), K, {jw). Theo két qua
cua dinh 1y 3.23 thi tai mét gia tri @ cd dinh, méi dudng quy dao dé s& chita mét dinh
ciia hinh chit nhat chifa gia tri clia da thilc A(jw,a) khi a chay khip trén @. Hinh chi
nhat nay ¢é cac canh nAm song song truc toa dé. Dac biét khi @ chay tit 0 d6n o0 méi dinh
cia hiuh chit nhat luén chi nam trén modt dudng.
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Bay gid ta s& ching minh 13 khi @ bién thién tir 0 d€n o, néu bdn dinh cia hinh chit

. . .. .. N s e P Ll o
nhat bao gbc toa 46 mot géc —2”- thi moi diém thudc hinh chit nhat d6 cung bao géc toa

d6 mét goc ding bang n—;- va nhut viy ching ciing théa méin tiéu chuin Michailov,

Q) .
Jo

c) Jew

Ky(jon)

Hinh 3.16: Minh hga cho phan chimg minh
dinh Iy 3.24.

Ta sé chung minh bing phitdng phap phan ching. Gia sit hinh chit nhat véi bén
dinh cé ciing géc quay 112—” nhimg ban than né lai bao géc toa d6 mot géc nhod hon % .
Nhu viy phai cé ltc hinh chit nhat chita diém gée toa dé. Nhung vi khi w=0, gdc toa do
da ndm ngoai hinh chit nhat (thye ra lic dé chi la modt doan thing nim trén truc hoanh
véi hai ddula aj va af ) nén khi @— e diém gde da di tit ngoai vio trong hinh chit nhat
va do dé phai tén tai mét gia tri w* ma tai dé goc toa do s& nim trén canh cia hinh chit
nhat. Khéng mat tinh téng quat ta gia sit d6 1a canh trén nhu hinh 3.16¢ minh hoa, tite
14 ¢6 dinh thude Ky(jrw) véi phdn thue diong. Vay thi dudng dac tinh tdn Ky(je) phai co
hai giao di€m véi truc thic ndm k# nhau cing ddu véi nhau (dueng) va diéu nay ngude
lai v&i hé qua cia tidu chudn Mikbailov. Tite 1a diéu gia st la sai.

Vay, néu hinh chit nhat chita cac gia tri elia A(few,a) di quay quanh goc toa d6 mét

goc %’1 khi e bién thién tit O dén e, thi tat ca cac dutdng dic tinh tdn bién pha cia

A(jw,a), aeQ cing phai tac ra géc quay n?n' va do dé A(s,a) cing la médt da thic

Hurwitz véi moi a e @ (Hurwitz chat). (m}
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Diuh 1y Kharitonov cho phép ta st dung ditge nhitng tiéu chudn xét tinh én dinh hé
tham s6 hing dé xét tinh tinh én dinh ciia hé c6 tham s6 thay d8i n&u nhit mién thay d3i
gia tri caa cac tham s6 12 mét siéu dién.

Vi du 19: Xét hé phu thudc tham 56 ¢6 ham truyén dat

a
Gls) = by +b5+bgs

) ik
Gy +aS+ags8” + agsd

troug do
1€aog<3, 2<a;s 4, 6<a,87, 1=<azs2.

Muén kiém tra tinh 6n dinh cta hé, ta kiém tra tinh Hurwitz chat cta da thae:

A(s,g)=a0+als+azs?’+a333 (3.28)
va dé lam duge diéu d6 ta xay dung bon da thide Kharitonov
a) 1+2s+7s?‘+2sa
b) 1+4s+7s+s"
) 3+4.§'+632+s3
d) 3+25+65+28>
Ti&p theo, st dung bang Routh dé kiém tra thi thay ding la ca 4 da thdc trén la nhitng
da thuc Hurwitz (cac s6 hang trong cot diu d8u ducng). Vay da thiae (3.28) 1a da thuc
Hurwitz chat, hay hé da cho &n dinh v8i td't ci cac gia tri tham s6 thudc mién da cho. O
Didu dac biét trong vi du trén 1 thyc chat ta chi cdn xét tinh Hurwitz cia da thic
K (s) 1a du. Tai sao lai uhut vay? Céu tra 10i 12 ndi dung dinh 1y cua Anderson, Jury va
Mansor ma thuc cht 1a mét hé qua cua tiéu chudn Kharitonov, ditge phat bidu nhat sau:
Dinh ly 3.25 (Anderson, Jury, Mansor): Cho da thitc
Als,@)=ag + a8 + az8° + - +a,s",  vdi a;>0, Yi.
va siéu dién
@={a;er l af < a; <af ,i=0,1, ... ,n }.
a) Né&un=3 thicin va da dé A(s,s) Hurwitz chit trong @ la da thic
Ky(s)=a} +ays+azs® + aisd
1 da thic Hurwitz.
b) N&u n=4 thi cin va dit d& A(s,a) Hurwitz chat trong @ 1a hai da thac
Kys)=a} +afs+azs® +a3s? +ajs" +ais®
Kys)=al +ajs+ais® +a3sd +ajs? +o5s°

1a cac da thie Hurwitz.
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¢) Né&un=5thicin va di dé A(s,a) Hurwitz chiit trong @ 1a ba da thuc

- Q9 - — 3
Ko(s) =ag +ays+ajs® +azs® +ags? +ais®

. P 5
Kai(s) =a} +afs+ass® +azs® +afs! +ais’

- -9 4 - K
K(s)=af +a7s+azs” +ais® +ajs! +a3s”

13 cac da thue Hurwitz.

Chitng minh:

Ta s& chimg minh cho truéng hdp n=3. Cho cac trudng hgp con lai ta thuc hién mét
cach tuong ty. Didu kién cdn 1a hién nhién vi khi A(s,a) Hurwitz chit thi bén da thuc

Kharitonov cta né la cac da thite Hurwitz, trong dé c6 K,(s). Pé chimg minh diéu kién
du ta lap bang Routh cia bén da thitc Kharitonov:

L - e boommem-
- +
a ' ag
_ ]
+_8pag '
27 - |
a
It
L}
03 1
1
K:}(S) aa t Qo
- =-- - - - - --m—-m -
[
af 103
[
+
as _0003 :
2 + b
a) )
__________ Fommmm————
- ]
ay 1

Kg(ﬁ')

Kq(s)

-— 1
] _;05
+ o
al 1y
]
i+ anag '
2 " X
_____ M ...
- )
(13 »
+ -
aj G
- ! +
a) 1 ag
+ 1
_ apa '
ag - 0-’1 ‘
a; 1
____________ o mmmme =
+ 1
CI3 N

Theo gia thiét vé tinh Hurwitz cia K,(s) thi gia tri trong cét ddu bang Routh ciia né

la nhiing sé dudng. Do dé a; -

"
a1

@)

aja

ay

- + - + o+
_  apa . QpQG: apftt:
1) as - 0l >0, vi Q%3 . 0-3
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tiéu chuin Routh-Hurwitz, K;(s) la Hurwitz.

N
3 >0, Tit day ta suy ra thém:

. K&t hap véi didu kién a;>0, Vi di cho thi theo

agag oas _agai v .
2) af -850, vi 02«20 Cang them didu kign a,>0, Vi da 6 thi Kyls) a

af
Hurwitz.

ay

a;

-+ -+ +_+
aga . agai _ apa A eia 1 Cas w1 X
3) a; -3 50, v =3 <073 | Thém didu kién a,>0, Vi da biét thi K(s) la

A

a;
Hurwitz.

a; a

a
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3.29 Diéukién du cua Gerschgorin

Cho hé MIMO duge mé ta boi
(3.29)

Van dé ta xét & day 1a kiém tra tinh éu dinh ctia hé d6. Theo dinh I 3.8 § muc 3.2.2
thi viéc kiém tra tinh 8n dinh cta hé (3.29) déng nghia véi viée xét xem A ¢o phai 1 ma
tran b&n hay khong, titc 1a xét xem da thdc dic tinh ctta né

A(s)= det(sI-A)=ag + a,s + ays° + - +aps", (3.30)
cé phai 13 da thic Hurwitz hay khong.

Nhu vay, t8t ca cac tiéu chudn da bigt nhui Routh-Hurwitz, Michailov, Kharitonov,
... ciing déu st dung duge dé kidm tra tinh 6n dinh cta hé (3.29). Van d& han ché chinh
cd 1& con lam cho ta khoug duge thoai mai la phai xaAy dung da thic dic tinh (3.30), dic
biét khi ma ma tran A c6 s chiéu tudng doi lén.

Dinh Iy Gerschgorin va hé& qua ciia né trinh bay sau day sé giip cho ta xét dugc
tinh 8n dinh cta ha (3.29) ma khiéng ciu phai c6 da thitc dac tinh (3.30). Tuy nhién dinh
Iy nay chi Ia mét diéu kién di. Diéu dé néi ring néu nhu ma traun A khéng théa min
dinh 1y thi hé (3.29) vin c6 thé éu dinh.

Binh Iy 3.26 (Gerschgorin): Vdi mdi gia tri riéng s, cia ma J@
tran phic (cac phan tu 1 nhitng sé phitc)
Q) Az o Qp o
A= Qgy Qgy - Qg, S—

Hink 3.17: Minh hoa dinh Iy 3.26
Qny Az "0 Gy

Juén tén tait mot chi s§i=1,2, ... ,n sao cho s nim trong dudng trén tim a;; ban

kinh R;= |a; |+ -+|a;; (|+la;;s1 ¥ - +la;,| (hinh 3.17), tac la:

Isp—a;;l < R;= i‘aij,. {3.31)
i
Chung minh:
U
Vi s, la gid tri riéug cia A nén phai ton tai mot vector v=| : |0 sao cho
vﬂ
(A-spu =0

trong 46 0 1a k¥ hiéu chi vector ¢é cac phén ti déu bang 0.
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Suy ra

n
Zaijvj + (a“—sk)vi =0, = (sk—a”)ui

J=1
J=#i
vé1i=1,2, ... ,n. Chon chi s i sao cho
lv;l = max{|vl, lvel, ... , lupl}
ta sé co:

n n
|(sk—a“)ui|=| 23U, | < Z|a(i]'|”i|
=1 J=1
Jei J®i
n
s [sp—a;ls 3 |a,-j| (d.p.c.m).
J=1
J*l
Theo dinh ly 3.26, mdi gia tri riéng s; cGa A
déu dugce bao bdi mt dudng tron ¢6 tam la a;; va
ban kinh la R;, (=1,
duong tron dé déu nadm bén trai truc 4o thi chic

,n. Do dé nén nhu cac
chian t4l ca cac gia tri riéng s;, =1, h déu
phai ¢6 phan thuc 4m (hinh 3.18).

Ta di dén didu kién da cho tinh én dinh cfia hé
nhu sau:

n
= Zaijvj-
J=1

J=i

Hinh 3.18: Dinh vi midn céc gi4 tri riang
clia ma trén.

n
Binh Iy 3.27 (Hé quéa Gerschgorin): Ky higu R;= 3 Ia,jl. Vay thi hé (3.29) véi a;j€R sé 6n
J=1

J=i

dinhndueg;;+R; <0véimeii=1,2, ... ,n.

Vi dy 20: Cho hé md ta hdi

d -3 -1 © 1
L2 -3 0 |z+0]a
dt

-4 1

-2 1

T ma tran hé théng cé

a]|+R1 = —3+1=-2 < 0,
a22+R2 = -3+2=-1 < 0,
agqtR; = —4+(2+1)=-1 < 0.

Do dé theo dinh 1y 3.27 thi hé én dinh.
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Ta c6 thé kiém tra lai k&t luan trén nhd da thitc dac tinh cia hé théng \
s+3 1 0
A(s) =det(sI-A)=det| -2 s+3 0 |=(s+4)[(s+3)?+2]
2 -1 s+4
va thay da thac d6 12 Hurwitz vi ba nghi2m cua né
81:—4, 32=—3+j‘\/§, S3=—34j-\/5,
déu c6 phén thuc am, ' 0

Vi du 21: Dinh 1y 3.27 chi la didu kién dd, béi vay néu hé khéng théa min dinh 1y 3.27 thi
¢6 thé 116 vAn on dinh. D& minh hoa ta xét hé sau:

b [F21o 1
Y214 -2 0 |x+{0le
dt =

-2 1 -1 1

Heé e6 da thitc dac tinh
I s§+2 1 0
A) =det(sI-A)=det| -4 s+2 0 [=(s+1)[(s+2)%+4]
2 -1 s+1

vdi ba nghiém

8,=-1, Sg==2+2j, s8;3=-2-2j, _
ddu ndm bén trai truc ao nén né dn dinh. Nhing hé lai khéng théa man dinh 1y 3.27

a;,+R, = -2+1=-1 < 0,

Gg9+R, = ~2+4=2 > 0, |

@ga+Ry = ~1+(2+1)=2 > 0, 0

3.2.10 Tidu chuin Lyapunov

Gitng nhu dinh ly cia Gerschgorin, tiéu chudn Lyapunov trinh bay sau day la
phudng phap xét tinh 6n dinh mat cach trye tip trong khéng gian trang thai rat thich
hop cho nhimg hé théng ma ta bdi md hinh trang thai. Xud't phat diém cha tiéu chudn
Lyapunov la dinh 1y 3.8 véi khdng dinh ring hé én dinh néu qua trinh ty do ctia né tit
dén, bdi vay phuong phap Lyapunov sé kidm tra xem quy dao trang thai ctia hé théng &
qua trinh ty do c6 hudng tién vé gic toa d¢ va két thie tai dé khang.

Tit phudng dién nang ludng ta ¢6 thé xem nhu phuong phap Lyapunov dude xdy
dyng trén cd sd bao ton nang hugng clia mét hé vat ly. Nang lugng con tdn tai bén trong
hé vat 1y do tac dong tiic tha bén ngoai dua vao duge do bdi mdt ham khéng adm. Hé sé
én dinh (tiém c4n) ¢ trang thai cin bing cia né néu nhu trong lan can diém can bing dé
ham do nang lugng nay ciia hé luén ¢6 xu hudng giam déan vé 0.
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Hinh 3.19: Gidi thich xudt phat didm cla tu tiing
phuong phap Lyapunov.

Ban chit phuong phap Lyapunov duge gidi thich nhu sau: Gia sit ring bao gquanh
gic toa dé 0 ¢6 ho cac dudng cong khép kin v (hinh 3.19). Cac dudng cong nay cé thé dude
xem nhu bién cia céc lin 14n ciia didm géc 0. D& kiém tra xem quy dao trang thai x(f)
(tmg vai =0 va di tir diém trang thai ddu x, cho trude nhung tiy ¥) mé ta qua trinh tu
do cua hé :

(3.32)

6 tién vé gdc toa d6 0 hay khong, ta chi cAn xét xem quy dao trang thai x{¢) cé cit tat ca

cac dudng cong thude ho v tit bén ngoai vao bén trong hay khéng va ndu didu dé xay ra

thi chic chdn x(¢) phai c6 huéng tién vé goc toa dd va két thiic tai do.
Nhu vay phuong phap Lyapunov s& gom hai bude:

1) Xay dung ho cac dudng cong v khép kin chita diém géc toa 46 0 bén trong.

2) Hé sé én dinh néu quy dao trang thii x(#) mé ta qua trinh tu do ciia hé cit moi
duwang cong thude ho v theo chidu tir ngoai vao trong. Cin va du dé x(f) cit mot
dudgng cong thuée ho v theo chidu tir ngoai vae trong 1a tai diém cit d9, tidp tuyén

ciia quy dao tu do x(t} phai tao vdi vector V, vuéng géé vii dudng cong dé theo

hudng ti trong ra ngoai mét gée 161 han 90° (hinh 3.19).

Dinh ly 3.28 (Lyapunov): N&u tén tai ham Lyapunov V(x), théa min cic dién kién:
.a) Xac diuh diong, tdcla V(x)>0 véix=0 va V(£j=0 o x=0,

b) % <0 (dao ham ciia ué xac dinh dm),

véi x 14 nghiém tu do cia hé théng thi hé sé n dinh (tiém can Lyapunov tai diém
goc toa dg 0).

Ching minh:

Ham xéc dinh duong V(z) ¢6 tinh chat 13 khi ta cit n6 bing mét mat phing V=%
song song vdi day {khong gian trang thai) va chiéu thiét dién xuéng day thi ta sé duge
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) " - \\,
mit duong cong khép kin v, chita diém géc toa dé 0. Puong cong vy, iIng véi £ nho hun thi
uim bén trong dudng cong vy iing v8i £ 1dn hon ¢hinh 3.20a). Néi cach khac: e

k< ky = vg, nam bén trong vy, .

Do dé vector vudug géc véi dusng cong v, va chi chiéu ting theo & 12

T T
; G
Vv=gradV=[FvJ =(uv § LVJ

3; (‘}xl ’ a}:n

sé c6 hudng chi tU trong ra ngoai-dusng cong v (hinh 3.20b).

by

gradV

18

Hirh 3.30: Tao ho cac duiing cong kin chifa géc
toa 36 béing ham xac dinh dudng.

ma %f— lai chinh 1a ti&p tuyén cta quy dao trang thai x(£), nén véi didu kién % < 0, goc

@ tao bdi hai vector gradV va % phai 1a mét goc ta (én hon 90%, tirc 1a quy dao trang
thai x(#) sé& cit ta't ca cac dudng coug vy, theo hudng tit ngoai vao trong. ‘ (]

Chi ¥: Do trong phén chitmg minh dinh 1y 3.28 ta da khéng s dung gia thidt ring
hé dang xét 1a hé tuyén tinh. Béi vay dinh Iy 3.28 con ap dung cho ca hé phi tuy&n chir
khong riéng cho hé tuyén tinh. Day 1a diéu dac biét cha tiéu chudn Lyapunov so v8i cic
tiéu chudn da biét khac.

Theo tinh than néi dung clia dinh ly 3.28, d¢€ ki€m tra tinh én dinh hé théng nhd
tiéu chudn Lyapunov thi ta phai tim ham Lyapunov V(x) xac dinh dudng va dao ham
cua né tinh trén cd 56 mé hinh trang thai hé théng phai xac dinh Am. Ciing theo dinh 1y
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3.28, néu nhu rang ta khéng tim dirge mét ham Lyapunov nao nhu vay thi van khong
thé khéng dinh duge hé khong én dinh. Néi cach khac, dinh Iy 3.26 duge xem nhu mét
eéng cu du dé xét tinh én dinh cha ha thong.

Vi du 22: Cho hé mé ta béi

2L ol_2 -5 1 |z |+|1 2-[“1J

dt L
0 -1 -2)lxg) (0 1) 2%
N g l_‘
x
—4x; +2x9 i .

—2x; =5xq + x5 |+| 4y +2uq

= X9 — 2x3 Ug
Sir dung ham xéc dinh dwong
Vi) =xi + x5+ x5

cing véi qu¥ dao x(¢) clia qua trinh ty do cda hé (u ;= u,=0) ta cé

~4x) +2xq
dv
d_t=(211 212 213) . —2x1 —5x2 +13
— X9 —213
=_8x%-10x3 -4x% <0
vél moi vector x=0 {hémci—‘: xac dinh 4m). Béi vay, hé én dinh theo dinh 1y 3.28. a

Théng thudng véi ha tuyén tinh ¢6 mé hinh trang thai (3.32), ngudi ta hay st dung
ham xac dinh duong V(x) ¢6 dang:
Ve =z"Qx, (3.33)

trong d6 @ la ma tran vudéng kidu nxn véi n 14 s8 bién trang thai caa hé théng (s6 chiéu
ciia khong gian trang thai). Ching han nhu d-vi dy 22 ta da st dwig ma tran @

= I e

1 0
Q=|0 Of=/ (ma tran don vi).
0 1
Mbt ma tran @eR"™ " lam cho
.LTQEZ 3, Yz va .ETQ1= 0 khivachikhi x=0),
duge goi 1a ma trgn xde dinh duong.

St dung ham V{x) xac dinh duong dang (3.33) vd m6 hiuh trang thai (3.32) cia hé
théng thi véi qu¥ dao trang thai ty do (w=0) ta cé:
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T. '
V7@ (-d—;‘} Qr = x"QAz+z"ATQx

dt dt | dt =
=27(QA+AT)x.
Bdi vay hé tuyén tinh (3.32) sé &n dinh néu nhi tdn tai mét ma tran @ xic dinh dudng
sao cho
T (QA+ATQ)x < 0 v6i moi x#0.

Ma tran (QA+A7@Q) khi d6 dugc goi la xdc dink dm. Ta di dén hé qua:
Pinh ly 3.29 (Hé qud Lyapunov): Cho mét hé tuyén tinh mé ta bdi mé hinh trang thai
(3.32). Ha s& n dinh néu mét trong hai diéu sau duge thoa min:
a) Tén tai ma tran vuéng QeRnxn xac dinh duong sao cho ma tran (QA +ATQ)
xac dinh am, titc la ~(QA+ATQ) xac dinh duong.
b) Tén tai mét ma tran xac dinh dudng P sao cho phudng trinh
QA+ATQ =-P (3.34)
c6 nghiém @ ciing xac dinh dudng. Phuong trinh (3.34) ¢6 tén goi la phuong
trinh Lyapunou.

Cudi cing, va ciing dé viée sit dung dinh 1y 3.29 dutge thuin tién, ta s& lam quen voi
dinh 1§ cta Sylvester cho sau diy nhut mét cdng cu xdc dinh tinh xac dinh duong cia mét
ma tran vuéng cho trudc.

Dinh ly 3.30 (Sylvester): Cin va d ¢€ ma tran vuéng

qiy di2 - e
Q= q:21 qez " Q2n
Qa1 9n2 " Yan
xac dinh dudng 13 cdc ma tran duong chéo ciia né ¢6 dinh thitc duong,
q @1 i di1z2 4d13
qu>0, det[ H 1“]>0 . det| gy gam gz |0,
921 o2 )

dn 9az 93

T&t nhién rang dinh 1y Sylvester néu trén cang duge sit dung dé xac dinh tinh xac
dinh 4m c(ia mdt ma tran @ béing cach kidm tra xem ma tran —@ c6 xic dinh duong hay
khéng. Néu -@ xac dinh duong thi @ xac dinh 4m.

Vi dy 23: X6t hé mé ta bai
dx (a b&Y[(x) (1
—_— = . + u .
dt \-b a)lxg 2
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0 .
Chon ma tran P = (g J xac dinh dudng, tdc la chon p>0 réi thay vio (3.34) sé c6:

P

a b} (a -b p 0 p(l O
=+ = - = .
Q(—b a] [b aJQ (o pJ = @ 2a[o 1)
Theo dinh 1y 3.29 thi ha 58 8n dinh néu nhu @ xac dinh dudng, tirc 1a khi:

-L50 & a<o. 0
2a

Ch ¥: Tidu chudn Lyapunov, nhu da dé cap, ciing ding cho ca hé phi tuyén. Tham
chi vdi hé phi tuyén, né khéng chi la mét cong cu xét tinh én dinh ma cén 13 mét phudng
phép téng quat nh&t dé xac dinh mién dn dinh cho hé phi tuyén, titc 12 mién cic diém
trang thai ma xufit phat tit 46, quy dao trang thai qua trinh tu do ¢iia hé phi tuyén chic
chin sé& tién vé géc toa d6 va két thitc tai 46 [13]. Tit phudng phap Lyapunov cé rat nhiéu
ciic tidu chudn khac dé xét tinh dn dinh hé phi tuyén da duge hinh thanh nhu phuong

phap Krasovski, phuong phap Schultz—Gibson, phudng phap Aiserman ....

3.3 Tinh digu khién dugc cla hé lién tuc
3.3.1 Y nghia cla coéng viéc

Mobt nguyén tic ludn phai tuan tho khi di tim 131 giai cho mét bai toan, ¢6 thé la
mét bai toan thude linh vue k¥ thuat, nhung ciing ¢6 thé thudc cac linh vye khac nhu xa
héi, kinh t& hay ty nhién, 1a trude khi bat tay vao cong viée tim kiém 11 giai ta phai xac
dinh xem cé thyc sy ton tai hay khang 13i gidi ciia bai toan dé.

O bai toan didu khién ciing vay. Néi chung, mét bai toan didu khién ¢é hai phan:

- Xac dinh nhitng tin hiéu diéu khién z() d€ dua hé tir mét diém trang thai ban
dau khéng mong mudn téi mét diém trang thai mong mudn khac. Vi du, hé dang
lam viée 6n dinh & trang thai can bﬁng zr thi cé6 mét tin hidu nhidu tac dong vao
hé lam cho hé ra khéi diém lam viée can bing d6 va chuyén ti mot diém trang
thai x, khéng mong mudh nao d6. Nhidm vy cta didn khién la phai tim tin hiéu
didu khién u() dua duge hé tif x4 quay tré vé diém trang thai can béng zp ban ddu
trong mot khoang thai gian hitu han ¢hinh 3.31).

-~ Tim trong s nhiing tin hidu u(f) da xac dinh

duge mét (hoic nhidu) tin hidu mang dén cho Uy

qua. trinh chuyén d8i d6 mdt chit lugng nhu /’?2\

da yeu cAu. Ching han trong s& cac tin hiéu cé Xy /—,T‘\* ir
Uy

kha ndng dua hé tir xy vé lai duge xy thi phai
xac dinh mét tin hiéu sao cho véi né, chi phi  Hinh 3.31: Xae dinh tin higu diéu khidn.
cho qua trinh chuyén ddi 1a thap nh4t.



Nhu vay, rd rang ta chi c6 thé thuc sy didu khién dugc hé théng néu nhv da tim
duge it nh&t mat tin hidu didu khién u(@) dua durge hé ti didm trang thai ddu x, téi duge
diém trang thai dich x; trong khodng thai gian hitu han. Diéu nay phu thudc hoan toau
vio ban chi't déng hoc ciia titng hé thdng. Khéng phai moi hé théng hay déi tugng ton tai
trong tu nhién ¢6 kha niang dong hoc la dua duge vé trang thai mong muén. Mét hé
théng ¢6 kha ning dua duge tir diém trang thai x, v& difm trang thai x4 dude goi la ké
diéu khién dude (hoan toan) tai xg.

Djnh nghia 3.5: Mst hé thdng tuyén tinh, lién tuc duge goi 1a didu khién dupe néu tén tai
it nhat mét tin hidu diéu khién dua duge né tit mot diém trang thai ban dau x, (tiy
¥) vé dudc gdc toa d6 O trong khoang thai gian hitu han.

Ta cin phai luu ¥ tdi ba diém trong dinh nghia vita néu:

1) That nhét Lo vé khodng thoi gian hitu han.

Day la yéu cdu ma su cdn thidt ciia ué gdn nhut Ia hién uhién, vi néu hé c6 thé dua
dude vé géc toa dé uhwng phai trong khodng thdi gian vé ciing 16u thi ciing ching ¢6 y
nghia gi cho bai toan diéu khién, Tham chi nhiéu hé c6 kha nang ty quay duge vé géc toa
dd (hé én dinh) nhung khéng diéu khién duge. P& minh hoa ta xét mét vi du.

Vi dy 24: Xét hé théng ¢6 mé hinh

w6 ) k)
—_= . + L = .
dt 0 &) \xg 1 bxq +ul(t)

R6 rang la tin hiéu diéu khién () khéng c6 tac dung gi d6i véi bi&n trang thai x(t)

_ . 0
v do d6 moi tin hiéu u(t) khéng dua dude hé tir diém trang thai ban diu x, =(xBJ co
X2

x920 vé duge gc toa d6 (trong khoang thai gian hitu han), mic du véi
0@ = ez o ,
thi x,(#) ciing vAn tién t4i 0 khi a c6 phin thuc am, titc 14 hé ciing ¢6 thé ty vé duge gdc
toa db, nhung trong mit khoang thdi gian vo han. (]
2) Thit hai la diém trang thdi ddu xy tiry .

Mbt cAu hdi dit ra cho ta la ¢6 hay khéng trudng hgp tuy hé théng c6 thé duge dua
tit x5 v& gdc toa dd (bing mét hodc nhidu tin hiéu didu khién u(t) thich hgp) nhung tir
mét diém trang thai X, nao dé khac thi khéng thé (khéng tdn tai mét tin hiéu u(f) nao
lam dude viée d6). Can hoi d6 1a hoan toan cé 1y va ngudi ta dd thay ring di§u d6 c6 thé
xdy ra - mot hé thong bat ky, dic biét 1a hé théng diéu khién phi tuyén. Chinh vi vay,
xudt xi ban ddu, khai niém diéu khién dutde ludn ditge néu cing vdi diém trang thai ddu
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xp . Chéng han nhut thay vi "hé thing diéu khién dugc” ngudi ta lai néi "hé thong diéu
khién duve tai diém trang thdi x,". Tuy nhién, nhu sau nay ta sé chi rd, viéng d6i véi he
tuyén tinh thi néu da tén tail mat tin hiéu uy(¢) dira hé tir x, vé duge goc toa d Q thi ciing

tén tai (it nhat) mét tin hidu uy(?) dira duge hé tir X, vé 0.

Néi cach khac, khi hé tuyén tinh da diéu khién duge tai mét diém trang thai x, thi
né cing didu khién dirge tai moi diém trang thai khac trong khéng gian trang thai. Vi la
dé. trong dinh nghia 3.5 ta da ghi thém chit "tay 3" vé yéu cau diém trang thai ddu x, va

cang chi néi ngén gon "hé diéu khién duge” thay cho "hé diéu khién ditge tai x".
3) Thu ba la diém trang thdi dich la gée toa db.

Trong dinh nghia 3.5, diém trang thai dich xy duge thay cu thé la diém géc toa do
0. Néu nhir khéng ¢é thém cau chi rd la déi tugng dé cap trong dinh nghia chi la déi
tugng tuyén tinh, lién tuc thi viéc thay thé dé s& 1A mét han ch& pham vi dng dung 16n
ctia dinh nghia vi rd't c6 thé la hé tuy dwa duge vé géc 0 song lai khéng dua dude tdi xp.

Do d6, véi d6i tugng quan tam la mdt hé théng diéu khién néi chung (ké ca hé phi
tuyéan) thi dé chat ché ngudi ta da dita thém cac khai niém sau vao dinh nghia:

- Hé duge goi la dat tdi duge diém trang thai xp néu tdn tai mot tin hidu diéu khién
w(t) dua dude hé tir gée toa dé 0 tdi x; trong khoang thai gian hitu han.

- Hé dudc goi 1a didu khién dude hoan toén tai xo néu véi mét diém trang thai dich
xp tay ¥, nhing cho trude, luén tén tai mat tin hidu diéu khién z(2) dita hé tir x,
téi dudge xp. trong khoang thdi gian hitu han.

Sau day ta sé chi ra rang riéng véi hé tuyén tinh lién tuc nhu trong dinh nghia 3.5
da giéi han thi hai khai niém wira néu 12 khéng cin thidt. Tic la néu hé tuyén tinh da
didu khién dugc thi no cing diéu khién dioc hoan toan.

Xét hé tuyén tinh tham s6 hang, mé ta bai

% ='Ax+Bu véi  AerR™" Ber™. (3.35)

Goi x, vh z7 1a hai diém trang thai bat ky trong khéng gian trang thai. Gia thiét
ring hé diéu khién ditge tai x5 . Vay thi né ciing diéu khién dude tai xr . Didu nay néi
ring tﬁn‘ tai tin hidu u,(2) dua hé tix x; vé dude gdc toa d6 0 trong khodng thai gian hitu
han 7, va tin hidu u.{t) dua duge hé tit xp vé O trong khoang thdi gian hitu han 75, .

8 dung coéng thite (2.65) da cho tai muc 2.3.4 thuge chuong 2 d¢é xic dinh nghiém
cua hé phuwdng trinh vi phin (3.35) thi diéu gid thiét trén sé& viét dude thanh:
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T, B .
0= e4T xy+ feA(Tl ")Bgl(r)dr = AT |:£0 + j)e‘A’Bgl(r)drjI

0 0
Vi
T T '
0= 4T xp+ Ie‘q(TJ_r)Bgz(r)dr=eAT2 Xp+ fe_A’Bgé(r)dr .
0 0
Suy ra
)
0= x4+ | ™4 Bu, (r)}dr : (3.36a)
0
T
O=xp+ fe'A’BEZ(r)dr . (3.36b)
a
vie®D ¢4z 13 nhiing ma tran khéng suy bién.

Ti€p theo ta dinh nghia tin hi¢u didu khién mdi

u; () néu O<isT
u(t) =

. (337
-e‘Angz(t—Tl) néu T <t

Khi dang & tai diém trang thai x, va dudi su tac déng cla tin hidu w() nay, saw mot
khodng thai gian ¢ > T, qua trinh bién di trang thai ctia hé s& dugde mé ta béi cong thirc
(2.65) c6 dang: )

:
x(f) = et {xo + _[e—ATBg(r)drjl

0
T1 T 4 '

= xp+ [ e AT Bu, (dr-e™AT2 [e AT Buy(r-Ty)dr (3.38)
0 T

Thay (3.36a) vao (3.38) ta dugc

P4 t—Tl ,
-I(t) =_eA(t—T2) Ie_ATBEQ(T—T]_ )dr=__eA(f“T2) J' e—A(Z +Tl )B'Ez(_ru)drc
T 0 .

I—Tl ,
=_eA(t-T1-T[) I e“Ar Bgz(f')drl
.0
Bdi vay tai thoi diém ¢t = Ty+ T, thi vdi (3.36b) ta di dén:

T,
2T+ Ty = - fe‘A“')ng(r')dt' =xr.
0

~

=—xT

Néi cach khac. tin hidu didu khién g() dinh nghia theo (3.27) da dua hé tit x, vé t3i_xy
v 6 chinh 1a diédu phai ching minh.
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3.3.2 Tieu chudn Hautus
Nim 1969 Hantus dwa mét tidu chudn xét tinh didu khién duge cia mét hé tuyén
tinh tham s& hang tit mé hinh trang thai

%z Ax+Bu.,  xeR”, uer’. (3.39)

Pién dic biét ctia tiéu chudn Hautus 1a né kha don gian va tuy sit dung mé hinh trang
thai nhung lai dudce thuc hién trong mién phic.
Pinh ly 3.31 (Hautus): C4n va da d& hé tuyén tinh (3.39) diéu khién dugce 1a

Rank(sI- A, B) = n véi moi s.

Chitng minh:
Trudc hét ta thiy vi ¢ 1a ma tran khéng suy bién nén khi phuong trinh

t
0=yt IeA(t—r)BI_l(r)dT
0
v3i x; cho trudce ¢é nghiém u(f) thi phuong trinh
[4
xp= _"eAu—r)Bg(r)dr
0 .
ciing ¢6 nghiém u(¢) va uguge lai. Didu nay ciing phit hgp véi néi dung cha phéan giai
thich thit ba cho dinh nghia 3.5  myc trude (muc 3.3.1) ring hé diéu khién dutge tai x;,
khi va chi khi né dat téi dude x;. Do dé dé ching minh dinh 1y ta sé chi riing
Rank(sI- A, B)=n, Y s.
la diéu kién cin va di dé moi diém x, trong khéng gian trang thai dat téi duge.

Goi X(2) 1a anh Laplace ctia x(f) va U(s) la anh ctia u(f). Chuyén hai vé cta (3.39)
sang mién phiic véi toan td Laplace, trong dé gia tri ddu cha x(¢) duge giai thidt 1a Q va
gia tri cudi x, chia no'la tuy ¥, ta duge ‘ '

(sI-A)X(s) = BU(s). (3.40)

Vi xp la tuy ¥ nén X(s) ciing la tuy y. Xem cic ma trin (sJ-A) va B nhu nhiing anh -
xa tuyén tinh (muc 2.3.2, chudng 2) thi ré rang (3.40) c6 nghiém U khi va chi khi

Im(sI-A) o Im(B).
Vay khéng phu thudce s ta phai cé
Rank(sI- A, B) = Rank(s/- A)=n. )

Vi du 25: Ta xét lai hé khong diéu khién dude da cho & vi du 24 véi mé hinh
dx {a 0} [x o
—== . + e
dt 0 & Xoy 1
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Tinh khéng didu khién duge cia hé duge nhan biét trye quan tir chd x,(2) khéng phu
thude u(t) va do dé () khong didu khién dudce x,(2). Ma tran A va B cha hé cb dang:

a=(a 8)- == ()

Suy ra
~ ¢« 0 0
Rank(sI— A, B) = Rank(s @ )

0 s-b61

Nhu vay néu s=a thi
Rank{(si- A, B)=1<2
va do d6 hé khéng diéu khién dugc. o

Vi dy 26: Cho hé c6 mé hinh

dx [a 1) ([=x 0
—_— - + u .
dt 0 b ) 1
Khac vdi hé trong vi du 25, 3 day x,(¢) thong qua x,(#) ma phy thudce gian ti€p vae
u(?) va do do6 hé cé thé diéu khién duge. Xét ma tran

s—-a 1 OJ

(SI_A'B)z[ 0 s-b 1

Nhu vay
Rank(sI- A, B)=2
vii moi gia tri s nén hé diéu khién duge. ]

3.3.3 Tiéu chudn Kalman

Khai niém diéu khién duge do Kalman dinh nghia nam 1960 va cung véi djub nghia
dé éng da dua ra tidu chudn xét tinh didu khién duge cia hé tuyén tinh tham sé hing
nhu saw:

Pinh 1y 3.32 (Kalman): CAn va &0 dé hé tuyén tinh (3.39) diéu khién duge 1a
Rank(B, AB, -, A" 'B)=n.

Chung minh:

Do c6
¢
-x0= [e AT Bu(r)dr , (3.41)
0

(xem lai céng thitc (3.36a)) nén hé sé diéu khién dugc khi va chi-khi phudng trinh trén

v6i x; tiy ¥ cho trude Inén cé nghiém u@).
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Ap dung céng thuc (2.60) ca dinh 1y 2.13 (muc 2.3.3, chudng 2) ta duge

e VB = [ay(-t)+ay(-DA+ - +a,_,(-1) A" B
ag(-t)
=(B,AB, - ,A"'B) : . (3.42)
ay_1{-t)

Thay (3.42) vao (3.41)

¢
Iao (-tu(r)dr

0
-x0=(B,AB, -, A"'B)| 5 (3.43)
Iau_l(—r)g(r)dr
0
2(2)

ta thay (3.43) c6 nghiém (8, tic 13 ¢6 nghiém 2(2), vii moi xgeR" khi va chi khi

Im(B, AB, --- ,A"'B)=R"
tue l1a

Rank(B, AB, --- ,A""'B) = n. w)

Vi du 27: Ciing lai vdi hé da xét & vi du 25

s )Lk
A T

ta cé

Rank(B, AB) = Rank ((1’ 2)< 2.

Vay hé khong didu khién dirge. , a
Vi dy 28: Cho hé vdi md hinh trang thai
5, 1 0O 0
== s O jx+|byiu
0 0 o)) b3
trong d6 5, # s, va b;#0, i=2,3. Xét ma trin
0 b 25b
(B, AB, AZB) = 62 3162 S;zbg
by soby  83by

Ma tran vuéng nay cé dinh thic khac 0:
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0 bg 2slbg
det| by s,by  siby |=-bibg(s, —54)" 20
b3 Sgb3 S%b:;

nen
Rank(B, AB, A’B)=3.
Vay hé diéu khién duge. (]

3.3.4 Nhimg tidu chuin tng quat

Vi nhimg hé tuyén tinh khéng dimg, titc la cé tham s& thay d6i theo £, thi viée s
dung hai tién chuan Hautus va Kalman d& kiém tra tinh diéu khién dge 1a khong thé
duge. DE bt ddp phdn thidu s6t dé, muc nay sé gidi thidu moét sé tiéu chudn chung tng
dung dude cho ca 18p cae mé hinh tuyén tinh khéng dimg:

%f—=A(t)-g_c+ B(t)u , xeR”, uper’ (3.44)

trong dé A(f) va B(¢) 1a hai ma tran cé cic tham sé phu thuée thoi gian &
Theo ndi dung cia myc 2.3.5 thuje chuang 2, cu thé la céng thie (2.69) thi hé
phudng trinh vi phin (3.44) ¢6 nghiém

. 3
x(f) = OE) xo + [®(t—1)B(z) u(z)-dz .
0

vii x, 1a gia tri ddu x(0)= x, 4i bidt trude ciia ughidém va o@)er™™” Ih ma trin ham

khéng suy bién dudc xac dinh theo eéng thite (2.70) cua Peano-Backer (dinh 1y 2.16)
hodc theo (2.71) cia Picard (dinh 1y 2.17).

Gia st rang hé (3.44) diéu khién duge (tai xy). Vay thi phai tén tai khoang thoi gian
T hitu han va tin hiéu u(t) sao cho ¢6 x(T)=0, tirc la

T
- (D xy= [NT-2)B(r) u(r)-dr. (3.45)
0
Pat £,= - ®(T) x,. Do ma tran ©(T) 1a khong suy bién (xem dinh ly 2.16) nén %
ciing sé chay khép trén khéng gian trang thai giéng nhut x, va (3.45) trd thanh

T
IQ)(T—r)B(r)‘g(r)-dt= X, er”.
0

Ky hiéu phép bién dai

T . .
Pr(w) = [O(T-2)B(z) ulr)-dr . (3.46)
0
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thi Py 12 4nh xa tuyén tinh tir khong gian cac tin hién diu khién r" vao khéng gian
trang thai ™
PT 4 Rr b 4 Rn.

Tuong tu, ta ky hién

T
Qrx) = [O(T-nB)B (0T (T-1)-x-dr (3.47)
0

thi @, ciing la anh xa tuyén tinh tit R” vao r" :
Qr:rR" o> R".
Dinh Iy 3.33: Nhiing phat biéu sau day cho ha (3.44) 1a tuong duong:
a) Hé diéu khién duge.

b) Tén tai mot s6 hitu han 7™ sao cho
Im(Py.) = R" & dim ImPra)=n,
trong d6 Im(P4) 1a ky hiéu chi khéng gian anh clia anh xa Q7 .
¢) Tén tai mot s6 hitw han 7™ sao cho
Im(Q ) =R" & dimIm@r.) =n,
trong 46 Im(® ;) 1a ky hiéu chi khong gian anh ctia anh xa @1 .

d) 'Tém tai mét s6 hitu han 7™ sao cho cac vector hiing clia ma tran ®(T*-dB(1)
d6c 1ap tuyén tinh trong khoang thoi gian 0 € r< T,

Chitng minh:
a)e>h): Hé (3.44) s& diéu khién duge néu ting véi moi diém ¥, €R" bao gid ciing tonatai it
nh&t mét tin hidu z va khoang thdi gian ¢ htru han dé ¢6 P,(u)= X,. Diéu nay tuong

duong vii -
UIm(P)=Rr". (3.48)
t

Gia st X, €Im(Py). Ly mt gia tri r2T tay y nhung c8 dinh. Do Ker(P ) khong
réng nén tén tai it nhat mét phén ti Z théa man P,y (7 ) =0. Goi 4 1a phin tit tay ¥
cia Im(Py), vy thi véi

& khi 0stsT
7% khi T<i<r
sé duge

SRS
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Pr@) = [®(T-7)B(r)-u-dry
0
T 'r
=[O -1)B(ry) &-dry + [T -1)B(r;)-u-dr,
0 T

=T
=%, + [T -(r;-THB(r; -T)-&-d(r; -T)= X .
0
Suyra 20 elm(P,), hay

Im{Pp) clm(Pp
va do d6 dim Im{(P) 12 mdt ham khong giam theo T. Haon thé nita

%im Im(Pp= (JIm(F;}.
—$>®0 t

Do dé, véi (3.48), can va d0 dé hé (3.44) didu khién ditge [a
Iim dim Im{Py)=n . (3.49)
Tﬂm

Theo tinh chat vé gidi han thi tir (3.49) véi £>0 phai tén tai mét s6 T hiu han d&

¢6 | dim Im(Pyr)—n | <& véi moi T>T*. Chon £=% s& duge

|dimIm(P7»)—n|<%.

Nhung vi dim Im(Pp) 1a mat 86 ty nhién nén cudi cung -

dim Im{Pp+) =n {d.p.c.m).

b)ese): DE chitng minh ta chi cdn chi ra Im(Py) = Im(Q7) ding véi moi T.
Gia st ¥ eIm(@p). Vay thi véi tin hidu
i =BT (ne"(T-1)
ta s& co tit (3.47)
X = Pp(%) elm(Py).
Diéu nay chi rang
Im(@7) c Im(Py). (3.50)
Ngude lai, ta goi x 12 phdn ti tiy ¥ cia Im(Py). T ¢éng thite dinh nghia (3.47) cda
Q@ ta thay @4 13 Anh xa tuy&n tinh d&i xing. Bdi vay Ker(@ ) vA Im(@4) 12 hai khéng

gian vector truc giao (xem lai muc 2.3.2, phdn ma tran va anh xa tuyé&n tinh). Vector x
luén phén tich duge thanh
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X = ZKer + Lims
trang dé x k.. €Ker(@r), 2, €Im(Q r) va phép phin tich d6 1a duy nh4t. Gia st réng
xeIm(Q 7).

Vay thi xg,., #0 . Suy ra

T _ T T - .T
‘ZKer = X Im"%Ker T XL Ker'ZKer = £ Ker'XKer #0

x
T p ) o

= j;Ke,m(T -0)B(1) u-dr = gz, Pr() =x o,z 20
0

ding vdi moi k() 2 0. Chon
u= Lic..w(T - r)B(r)fr #0

thi do QT @Ker)elm(QT) s cb

0+ ﬂgﬂutb(T - r)B(r)]- L{ﬂq:('r - r)B(r)]Tdr =
0

T
= Eiﬂf[jld)(T - T)B(T)BT(T)(DT(T - T)dr)zl(er = 'LTKerQT(a_:Ker) '=0-
0

va d¢ 14 didu phi ly. Vay xeIm(@ y). Néi cach khac

Im(Pyp) clm(@r). ‘ (3.61)
So sanh (3.50), (3.51) ta dén duge diéu phai chitng minh.
c)<>d): Khdng dinh dim Im(Q7»)=n, tuong dudng véi ma trgn mé ta 4nh xa @ p« la ma
tran khéng suy bign. Cin va di dé ma tran vuéng @ p« khéng suy bién la

a'Qr.a + 0

voi moia #0. Suy ra

T* T
j [eo@ 0B | [aTor -nB0)] dr w0, va =0
0

o  a &T-dB(H=20 , Va =0 vaos<T*

hay céic vector hang cia ma tran ®(T*-)B(r) 1A déc l1ap tuyén tinh trong khodng thdi
gian 0 g r< T, O

Vi du 29: Xét hé tuyén tinh ¢6 tham s5 phu thuéc ¢
dx (0 1 0
—== x4+ fu.
dt (0 0f ¢
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Véi mét s8 T* hitw han tity y hé sé cé

1 r " _(1 T*-1
tD(r)-A[O J = (T t)—(o 1 )

o G -9B(n =(1 T*—r}(OJ =[r(T*—r)J _
0 1 T T
o(T*—7)

T

=T*-r #hang s6,

titc 1a hai vector hang ciia ®(T*-7)B(7} ddc lap tuyén tinh khi r# 7™ (va do d6 cling trong
khoang 0 < r< T*). Vay hé 1a diéu khién duge. (|

Vidy 30: Cho hé mot ddu vio md t& baéi

dx [0 1 0
—_= x+ u.
%0 o= ()

Hé o .
o=ttt 7 = eT-p=ATRo (L ToT]
01 0 1
Suy ra
Q -? A7) ggT - AT (T-0) dr—f LT %% af O
S ¢ o 17 )a T-r 1)
1,3 1.2
(@ T |37 2T
ol T-1 1 12 p
2
T4
= d.et(QT)= E#O vl T > 0.
Do ¢6 dinh thic khac 0 nén dim Im(Q+) = 2. Vay hé diéu khién dugc. (]

Caing tit dinh 1y 3.33 ta ¢6 thé dAn nguge lai cae tidu chudn khac da bigt nhu tiéu
chudn Hautus, tiéu chuin Kalman khi hé théng dang xét 1a hé théng ditng. Chang han
nhu vé
o(T-7) = eA(T7 2
ciia mgt hé ditng c6 ma tran hé théng 14 A, ta di tit diéu kién d) ciia dinh 1y 3.33:

OT-0B = M OB = {ay(T-0l+a,(T-DA+ - +a,_(T-0 A" 1B

ao(T "T)
=(B, AB, --- ,A'HB)
a,(T-1)

234



sé thdy dé€ cac vector hang cia ®(T-1B doéc lap tuyén tinh trong khoang 0<¢<T thi cdn
va du la
Rank(B, AB, --- ,A"'B)=n

vi dé cling chinh 1a tiéu chudn Kalman.

3.4 Tinh quan sat dugc ca hé lién tyc
3.4.1 Y nghia cta cong viéc

Trong vd van cae vi du tit trude téi nay ta thudng dé cap dén viée phan hdi cac tin
hidu trang thai hodc cic tin hidu ra. Van dé muén néi d diy khéng phai 14 su cfin thiét
clia viéc phan héi ma phai lam thé nao dé thuc hién duge vidc phan héi nhiing tin higu
d6. Tat nhién ring ta phai do chimg, phéai xac dinh dugc gia tri cha cic tin hidu cin
phan hdi. Hinh 3.32 la mot vi du. Dé diéu khién déng co cdu truc cdu hang sao cho hang
khéng bj lic trong qua trinh van chuy&n ngusi ta thudng phai do géc hang dao déng
ciing nhu d6 dai day budc hang, khéi lugng hang dé tir ¢6 tinh toan ra duge tin hiéu diéu
khién dong co cho thich hgp.

Diéu khidn d6ng ca

[ [o—
O | Rume TR . |HEEE
T T . EEEE
|
. . . . |
- Do gbc
Chén doan dd dai day budc hang

M

.Chén doan khéi luong hang

Hinh 3.32: D4 didu khién céu tnuc sao che hang khang bi 1Ac ngudi ta phai thudng xuyén do goc
dao 84ng cia hang ciing nhu chdn doan khdi lugng hang va 86 dai ddy budc hang.

Théng thudng, viéc xac dinh gia tri tin hidu mdt cich don gidn nhat 1 do truc tiép
nhé cic thiét bi cAm bién (sensor). Song khéng phai moi tin hidu déu ¢ thé do duge mot
cach truc tigp. Rat nhidu cac tin hiéu chi c¢6 thé c6 duge mdt cach gian tidp théng qua
nhiing tin hiéu do duge khac. Vi du nhu gia tdc khéng:thé do dudc tryc ti€p ma phai
chén doan gian tidp tir viée do t6c dé trong mot khodug thoi gian, céng suat chian doan
duge nhd viée do dong dién va diéh ap .... Dé théng nhat chung ca hai hinh thite do tin
higu trire ti€p va chdn doan gian tidp nhu vay ngudi ta st dung khai niém quan sdt. Nhu
vay, quan sdt mét tin hiéu duge hidu la cong viée xac dinh tin hidu théng qua do triyce
ti€p hodc gian t18p qua céc tin hidéu do duge khac (thuwang 14 cae tin hiéu vao/ra).
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Binh nghTa 3.6: Mot hé thdng c6 tin hidu vao u{t) va tin hidu ra y(¢) duge goi la:
a) Quan sdt duge tai thoi diém t, , néu tdn tai it nha't mét gia tri hitu han T >¢,
d€ didm trang thai g(tg)=x, xéc dinh dugc mét cach chinh xac théng qua

vector cc tin hiéu vao ra y(¢), Z(t) trong khoang thai gian [¢,,T1.

b) Quan sit duve hoan toan tai thoi diém ty, néu vai moi T >¢,, diém trang thai
xo = x(tg) ludn xic dinh duge mét cach chinh xac tit vector cac tin hidu vao ra

u(t), y(t)trong khoang thdi gian [¢4,7].

3.4.2 Tiéu chuiin chung
Hé thong duge dé cAp 4 muc nay 13 hé tuyén tinh cé thé khéng diung véi r tin hiéu

vao u(t)eR’ va s tin hidu ra ¥(t) R’ ma ta boi

dx _
5 A@)x+ B(tu (3.52)

y= C(t)x + D(t)u
trong do A(t)eR"xn, B(t)eR"xr, C(t)eksx", D(t)e R 1a nhiing ma tran c6 phén t ¢6 thé
la ham s6 phu thudc ¢.
Binh Iy 3.34: Hé khong diing (3.52) sé
a) Quan sat dudc tai g khi va chi khi tdn tai it nhat mét gia tri T >t hitu han
5a0 cho cac vector ¢dt clia ma tran C(2)®(é— ¢,) d6c lAp tuyén tinh trong
khoang théi gian ¢t,<¢<T.
b) Quan sat dugde hoan toan tai tg khi va chi khi vii moi gia tri T >¢;, chc vector

¢6t clin ma tran C($) D (¢~ £y) doc l4p tuyén tinh trong khoang ¢,s:<T.
Chitng minh:

Phueng trinh vi phan ciia (3.52) véi diéu kign dau x(¢4)=x ¢6 nghiém

t
x(t) = Ot- tg) xg+ [D(E-1)B(r)-u-dr.
]
Thay vao phuong trinh thit hai duge

t
¥(t) = COD@- tg) o+ C2) [t -r)B(s) u-dr+ D(t)-u
0

t
& CO- o) xo = CQ) fOE-)B(r)-u-dr+ D(t)-u— y(t) (3.53)
. ‘
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Theo dinh nghia 3.6, hé (3.52) quan sat dude tai ¢, néu tdn tai mét kheang thoi
gian hiu han [¢4,T] dé x(tg)=xy xhc dinh duge tir u(t) va y(¢) khi t,<¢<T. Diéu nay
déng nghia vdi viée phuong trinh (3.53) ¢6 nghiém x, duy nhat.

Do chi ¢é thanh phin C(2)®(t-£y)xg chita x5 nén (3.563) 58 ¢6 nghig¢m x;y duy nhat
néu tdn tai it nhat moét gia tri hitu han T>¢; sao cho cic vector ¢t cia C(2)®(£-1)
khéng phu thudc tuyén tinh trong toan bd khoang {t;, T'] va dé chinh i diéu phai ching
minh. a

Vi dy 31: Xét hé tuyén tinh, c6 tham s6 phu thudc ¢ véi mé hinh trang thai

dz (0 -1} o
dt 0 o

¥y = (1 1-|t~-1{)x + Du

trong 46 B,I? la hai ma tran tuy ¥. Hé c6

m(t—t0)=((1) ‘01"), c=( 1-f-1)).

Bai vay
1 ¢5-1t¢
C(t)d:(:-to):(l 1—|t—1|(0 01 ]=(1 to—{t-1)—[t-1]).

ing s6) khiz <1
= to— (¢t = 1) —Je-1] = to (hing 56) k-hl s
tg—2¢t-1) khi t>1

Khi ¢y 1a tay ¥, tachon T > tova T >1. Hai (vector) ¢t ctia C(2)® (t—24)s8 doc lap
tuyén tinh trong khoang 1<t¢<T, tic la s& khéng phu thudc tuyén tinh trén toan b
khoang {ty,T], bdi vy hé quan sat duge tai ty. Khi ¢5>1 hai ¢t ciia C(2) D (2t )sé dde

lap tuyén tinh trong mei khoang [¢,.T] ¢é tg<T, nén tai tq>1 hé khdng rhitng quan sat
dugc ma cdn quan sat duge hoan toan. a

Pinh ly 3.35: Néu hé khong dimg (3.52) ¢6 C 1a ma tran hing (khéng phu thude £) quan
st duge tai ¢ thi né cling quan sat duge hoan toan tai ¢, v nguge lai.
Ching minh;

Theo dinh Iv 3.8, hé (3.52) quan sat dugc tai thdi diém ¢, néu tin tai T,>¢; hitu
han sao cho céc vector cft caa CP(t—t,) khdng phy thude tuyén tinh trén toan khoang
[tg,T;]. ViC la ma trin hdng nén ®(¢-¢,) 12 thanh phén duy nhAt phy thudc ¢ trong
tich Cd(¢—t;). Do ®(¢-¢t,) khéng suy bién vdi moi ¢ (céng thic (2.70c), chudng 2) nén
diéu nay cling diing véi moi khodng [¢,T], trong 46 T 14 s6 tay ¥ 16n hon ¢;. )
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Vi du 32: Cho hé khang ditmng m# td béi
dx (1 ¢ (1
—== -+ |u
7= 1=}

Theo két qua ctia vi du 42 thude muc 2.3.5, chudng 2 thi hé nay cé

t té ¢
o)=|¢ T°
0 et

Suy ra

2
t-tg (t-tg) t-tg ‘e 9
Cot-ty= 0 1)|° 5 ¢ = [t )T -t t-to |

Nhut vay C®(t~¢;) la ma tran mot hang hai cft. Do ty s8 gifta hai cdt clia né

2
(t—10)" t-ty t-tg
B +e
g ¢ _ (t-tp)*
t-tp

+1+ hing sé

v6i moi ¢ nén chiing déc lap tuyén tinh vdi nhau trong moi khodng [£4,77]. Néi cich khac
hé quan sat dude hoan toan. 0O

Binh ly 3.36: Néu hé khéng ding (3.52) quan sat dudge tai thoi diém ¢, thi no ciing quan
sat dude tai moi thai diém £20.
Chitng minh:
Khi hé (3.52) quan sat dugc tai to thi & ton tai mot gia tri hitu han T >¢, && cac
vector ¢ét cla ma trin C(t)d’(t— to) dbc lap tuyén tinh trong khodng thdi gian ¢t <T.

Xét tai mot thdi diém ¢, #0 bat ky, tit tinh chat (2.70b) cho trong dinh 1y 2.16, trang
144 chia ® (1), ta c6 '
CU)YD(t- t,)= C(OD(t— )DLy~ t,).
Nhung do ©({tg— ¢,) 12 ma tran hing khéng suy hi€n nén cic vector cot clla ma tran
ham C(t)®(t- £,) ciing vi thé ma déc lap tuyén tinh trong khodng thai gian ¢,<t<T.
‘Bé&i vay theo dinh 1y 3.34, hé quan s&t duge tai thai didm ¢, (d.p.c.m).

Trén cd sd dinh 1y 3.36, thi riéng déi v6i hé tuyén tinh, tit nay vé sau ta s& néi ngén

gon 1a hé quan sdt dude thay vi hé quan sat duge tai di€ém thai gian ¢g.

¥
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3.4.3 Ojnh ly ddi ngéu cho hé tham s& hdng va cac hé qua

Cho hé tuyén tinh, tham s& hing (hé ditng) mé ta béi

dzx _ Ax+ Bu
dt === véi  Aer™" Ber™ Cer®", Der®” (3.54)
y=Cx+Du

Mét hé tuyén tinh khac duge suy ra tis hé trén va ¢6 mé hinh
dx = AT£+ CTz_z
dt (3.5D)
y=BTz+Eu

dude goi Ja hé d6i ngdu vai hé (3.54) da cho.

Binh ly 3.37: Hé tham s& hang (3.54) quan sat diude khi va chi khi hé (3.55) déi ngiu véi
né didu khién duge.

Chutng minh:
Néu hé (3,54) quan sat duge {tai T*) thi theo dinh 1§ 3.34, cac vector ¢t caa
Co@-T*y = CeAETH

A(T*-t)

la dée lap tuyén tinh véi moi ¢. Diéu niy dan dén cac vector cdt cha Ce cling dée

—_— * L
lap tuyén tinh vi ACTTIAT = Suy ra cic vector haug cua
AT*-oN _  AT(T*-D AT
(C’e ) =e C

la dgc lap tuyén tinh. Vay theo dinh 1y 3.33, hé (3.55) didu khién duge.
Chung minh twdng tu ta c¢6 diéu nguge lai 1a khi hé (3.55) diéu khién duge thi hé
(3.54) 8@ quan sat duge. 0

Dua vao ndi dung dinh 1¥ 3.37 va ciing vdi cac tidu chuan xét tinh diéu khién duge
ctia hé tuyén tinh tham sé hing da biét, ta sé co:

Binh Iy 3.38: Cho hé tham s8 hing (3.54). Cac phat biéu san 1a tiong duong:
a) Heé quan sat duge.

b) Rank (SI ~ AJ = n vdi moi &, va I 1a ma tran don vi (Hautus, 1969).
C
(&)
¢) Rank A = n (Kalman, 1961).
can-1
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Chitng minh:

a)<b): Theo dinh 1y 3.37, d€ hé (3.54) quan sat dige thi cdn va dd la hé (3.55) diéu khién

duge. Tiép tuc, véi dink 1y 3.31 vé tleu chufin Hautus thi hé (3.55) diéu khién duge khi
va chi khi

Rank(sI- AT, CT) = n véi moi s.
Suy ra
- A
Rank(sI- AT, ¢T)T = Rank(s - ] =n.
a)ec): Dé hé (3.54) quan sat duge thi can va da 1a hé (3.55) diéu khién dude va theo dinh
1y 3.32 vé tidu chudn Kalman, diéu d6 tugng dudng véi

Rank(CT, ATCT, .., A" YT =n

Suy ra
C
_ CA
Rank(C",ATC”, -, @"H'CH =Rank| " | =n. o
CA.’L—I
Vi dy 33: Che hé tham s6 hdng mé ta bdi
0 0 -2 0 1
dx 1 0 -1
—==11 0 ~4lzx+] 1 2| va y= x
dt = {01 1)
01 -3 -1 1

Stt dung tidu chufin Kalman dé kiém tra tinh quan sat duge ta thay
0.0 -2

o) et ke )
01 -3 -
0o -1 1y[® 0 -2 11 1
va CA2=(1 '1 7} 10 -4 =(1 ; 15)
01 -3
Do d6
1 -1
0 1 1
c 0 -1 1
Rank| CA |=Rank 1 1 p =3,
CA?
-1 1 1
\1 -7 15
Viy hé 1a quan sat duge. a
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Vi dy 34: Cho hé ¢6 md hinh

dx a O x1 1 .
—_= = = =0 1l)x.
dt [1 b) [12]+[1)u v y=a=l s

X

D51 ngiu voi hé da cho 1a hé

i£—=alx+0u
dat (0 &)~ 1)~

Theo két qua clia vi du 26 (muc 3.3.2) thi hé d8i ngdu nay diéu khidn dude. Tir do ta két
luan duge ring hé da cho 1a quan sat duge. Ki€m tra lai bing tigu chufin Kalman thi ré
rang cé

c 01
= k =2,
Rank [CAJ Ran [1 b)

Né&u kiém tra lai bang tidu chudn Hautus ta cing duge

s-a O
=Rank| -1 s-&|=2 véi moi s. o

sI—A]
0 1

Rank(

3.5 Phan tich hé SISO lién tyc tuyén tinh

Nsi chung, yéu cfiu cia mét bai toAn phan tich mét hé théng 1a phai rit ra dugc
nhitng k&t luan vé tinh déng hoe vén c6 clhia hé tir md hinh mé ta no, trong d6 cé ba két
luan cd ban:

- K&t luén vé tinh §n dinh.
- K&t luan v8 tinh diu khién dugc.
~ K&t luan v&8 tinh quan sat duge.

Ngoai céc két luain trén, tuy vao tirag hé théng cu thé ta c6 thé phén tich tiép dé cé
duge nhitng théng tin cAn thidt khac v& hé théng. Chéng han nhu 6 qua diéu chinh, 46
sai l¢ch tinh, d& nhay véi nhidu, cic thanh phén ca ban (khuéch dai, tich phin, vi phan,
tré, quan tinh, dao déng, ... ) ¢6 trong hé théng, hay bin chit clia hé c6 phai 1a pha cuc
tiéu hay khéng, va t&t nhién réng nhitng phvong phap phan tich d8 ¢6 duge chc k&t luan
thém nay phy thugc nhiéu vao mé hinh hé théng ma ta c6 14 mé hinh trang thai hay mé
hinh ham truyén dat.

Sau ddy ta s& tip trung vao viéc phin tich thém hé SISO (cé m#@t tin hidu vao va
mét tin hidu ra), chd yéu 1a tit mé hinh ham truyén dat G(s) cia hé. Viée danh cho hé
SISO véi ham truyén dat G(s) mdt muc phén tich riéng d€ c6 cac két lu4n thém ngoai
nhithg k&t luan cd ban trén ciing 1a béi 16 ha SISO 1a loai hé théng kha phd théng, va mé
hinh ham truyén dat thwdng duge gap nhiéu nhat trong vng dung.
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351 Su déng nhit cia didu khién duoc va quan sat duge
Xét hé SISO c¢6 ham truyén dat

by +bs+ - +b,s"

G(s) = (3.56)

Qg +a15+ -+ +ay_ys" L 4s”

Viy thi hé cang sé dude md ta bdi md hinh trang thai dang chudn didu khién nhu sau
(xem lai muc 2.3.6, thudc chudng 2, trang 146):

0o 1 0 - 0 0
0 0 1 - 0 )
%: N P M U T (3.57a)
o 0 0 - 1 .
-Gy —a@ —ag -~y ‘“B-‘
A
y=(bg~aghy *-* by —ay_1b,)x+ bou. (3.57b)
¢

trong d6 A la ma trin ddn Frobenius.
Gida ham truyén dat G(s) va mé hinh dang chudn didu khién ¢6 m8i quan hé:
G(s)=C@sI-A)Y'B+b,. (3.58)
Nhung vi G(s) 1a ham, giéng nhit ma tran chi ¢6 mot hang vé'm('_)t cot, nén '.
G7(s) = G(s)
Suy ra
G(s)= (C(sI-AY'B+b) =B s1-ATy'c" +5,.

De d6 khi so sanh vdi (3.58), hé cling mé ta duge boi

00 -+ 0 -~ag
1 0 - 0 —ay bo —aob"
ax ) . " n
d_;= 01 - 0 -ay |+ : L vii zxeR (3.59a)
H : . : : bn—l _an-lbn
00 -1 ~a,; cT
AT
y=(0 0 - x+b,u h (3.59b)
T
B

M5 hinh (3.59) ctia hé c6 tén goi 1a dang chudn quan sdt.

R& rang (3.57) va (3.59) 1a hai hé dé ngiu va nhu vay hé SISO véi ham truyén dat
(3.56) ching duge mé ta bai hai md hinh trang thai d6i nglu. Bing cach din m hinh
dang chudn quan sat nhu la hé d6i ngAu clia md hinh dang chudn didu khién nhu trén
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ta da di dén sy dong nhét cia tinh diéu khién duge va quan sat duge trong hé SISO nhu
sau:

Binh ly 3.39: Khi dude md ta bdi mé hinh trang thai dang chuan didu khién (3.57) hoic
chudn guan sat (3.59) thi moi hé SISO ¢6 ham truyén dat (3.56) s& didu khién duge
va quan sat dude.

Chung minh:

Néu (3.57), ciing la (3.56), diéu khién dudc thi theo dinh 1y d6i ngéu 3.37, mé hinh
(3.59) s8 quan sat diutge. Nhung vi (3.59) 1a mot dang md hinh trang thai cua hé (3.56)
nén hé (3.586) ciing quan sat duge. Tuong ty ta cing chi ra duge la khi (3.56) quan sat
dude thi né cang didu khién duge. Con phai ching minh ia (3.56) luén didn khién duge.

Trude hét tir mé hinh trang thai dang chuan didu khién (3.57) ta xiy dung ma tran

s -1 0 - 0 O
0 s -1 --- 0 0
(sI-A,B)= e :
0 0 0 - -1 0

ag o g - s+a, 1

161 bo di bt ddu tién, sé duge ma tran vudng nxn véi

1 0 e 0 0
s -1 --- 0 0

det| 1 .1 il=ED"lzol
0 0 -+ -1 0
a @y - s+a, 1

Suy ra ti't ca n vector cot con lal la déc 1ap tuyén tinh véi nhau, tic 1a

Rank(s/-A,B)=n vdi moi s. _
Vay theo tidu chufin Hautus, hé la didu khién duge. a

Chl ¥: Nhu da néi, tinh diéu khién duge hay quan sit duge cia mét hé théng phu
thudc vao mé hinh trang thai duge st dung dé mé ta hé. Sy déng nhit cla tinh diéu
khién duwgc va quan sat dude trong hé SISO néu 4 dinh 1y 3.39 di duge ching minh trén
¢d s0 gia thidt rang hé SISO d6 dudc mé ta trong khéng gian trang thai bing mé hinh
dang chudn didu khién hodc chuin quan sat. Khi khéng o6 gia thiét nay thi didu khing
dinh cha dinh 1y s& khéng diing, titc 14 hé sé vAn c6 thé khong diéu khién duge hoac
khéng quan sat dude néu né duge mé ta bing uhimg mé hinh trang thai khac chua ha
bic (con chila cac bién trang thai thira).

Vi du 35: X&t hé SISO ¢6 ham truyén dat

G(s) =

s-1
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Théng qua (3.58) ta c6 thé thay ngay dugc rang {ng vdi mé hinh ham truyén dat dé
thi hé edn duge mé ta bdi cac md hinh trang thai sau:

dx 2 -1 Xy 1

— = - + U

dt (o 1 ] [ng [1) (3.60a)
y=Xx3

dx
—=x+uU

va dt _ (3.60b)
y=x

R5 rang 1a véi (3.60a) thi do

Rank(B,AB) = Rank[i i) =1

hé khéng diéu khién duoe, nhung véi (3.60b) thi hé lai diéu khién duge. a

Bién trang thdi thita duge hidu 1a bign phy thudce dai sé vao nhitng bién trang thai
khac trong md hinh. d vi du 35 ta thay bién trang thai x, cua mé hinh (3.60a) 1a thita vi
thuc chat J:1=x2+e?'t. Viéc st duyng mé hinh trang thai cén chia cac bién trang thai
thita dé phan tich sé dua dén nhitng két luan sai vé tinh déng hoc ciia hé théng. Bdi vay,
trude khi phan tich bao gio ta ciing phai loai bd cac bién trang thai thita. Céng viéc loai
bd cac bidn trang thai thita d6 duge goi 1a Ag bdc mé hinh. N6 giéng nhu viéc gian udec
nhitng thanh phan giéng nhau d da thitc tit 86 vA miu s8 cha ham truyén dat G(s). Mé
hinh trang thai khéng chita cic bién trang thai thira dugc goi 14 m6 hinh trang thdi co
béc cuc tidu (minimal order).

Mot trong nhitng phuong phap ha bac thuong diing cho mé hinh hé SISO la théng
qua budc trung gian vdi ham truyén dat G(s) ciia né, bao gdm:

1) Xac dinh ham truyén dat G(s) = C(sI-A Y 'B + D tit m6 hinh trang thai chira ha bac

g=A:c+Bu
dt = .
y=Cx+Du

2) Xac dinh mé hinh trang thai dang chuén diéu khidn ho#ic dang chuéin quan sat tit
ham truyén dat va dé sé 1a mé hinh trang thai c6 bac cyc tiéw.

3.5.2 Y nghia cla vi tri cac diém cuc va diém khdng

Néu mét hé SISO dude méb td béi ham truyén dat

_bo+bys+ - +b,8™ _ B(s)

G(s) . AR
a+QS+ - +a,s

(3.60)

trong dé B(s) 1a ky hiéu chi da thic td 86, A(s) 1a da thitc mau 54, thi nghiém cla
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A@)y=0

duge goi la diém cue va nghidm cha

B =0

duge goi la diém khéng cin hé.

Chuong 1,2, cling nhut cac myc ddu d chitong 3 d& cung cip cho ta mét s6 dinh 1§ néi

1én mé&i quan hé giita vi tri cia nhing diém cyc, diém khéng va bac mé hinh véi dic tinh
déng hoc ctia hé théng. Ching han nhuw:

L

2)

3)

4

5)

6)

7

8)

9

Né&u tat ca cic didm cuc déu ndm bén tréi truc ao thi G(s) 12 ham bén (muc 1.3.4).
Khi d6 hé sé 6n dinh (da thdc mAu s& la da thic Hurwitz) va qua trinh tu do 1a tét
ddn (dinh ly 3.7).

Néu tat ca diém cue ciia hé khong nhitng ndim bén trai truc do ma con la cac 8 thyc
(Am) thi qua trinh tu do sé& 1a t8 hdp tuyén tinh nhimg qua trinh don diéu tién vé 0.
Cac diém cyc ndm cang xa truc ao, téc d6 tién v& 0 clia cia nhiing thanh phAn nay
cang nhanh, tic 1a quan tinh cia hé cang nho.

Né&u G(s) ¢d mét didm cuc khéng ndm trén truc thye (¢c6 phan do khac 0) thi qua
trinh tu do ¢6 dang dao dong, ham qua dd A(t) c6 vb s6 cac diém cyc tri (va t4t nhién
hé s& c6 d6 qua didu chinh). Cac diém cuc nidm cang xa truc thue, tdn sé cia dao
déng cang lan.

N&u G(s) ¢6 it nh&t mot diém cuc 1a gde toa d thi hé s& cé chua thanh phan tich
phan (dinh ly 2.7, muc 2.1.5). Nhitng hé théng cé chita thanh phAn tich phan sé
luén ¢6 tin hiéu ra thay d8i khi tin hiéu vao vin con khae 0.

Né&u tét ca cac didm cyc va diém khéng cia G(s) déu nim bén trai truc do thi hé sé
1a pha cue tifu (dinh 1y 2.10, muc 2.2.8).

Néu G(s) khdong phai 14 hAm hdp thic (m>n) thi hé s& c6 thanh phdn vi phan.
Nhitng hé c6 chita thanh phén vi phin ¢6 tinh ddng hoc 14 phan ing rit nhanh vai
su thay déi cia tin hidu ddu vao.

Né&u G(s) 1a ham hdp thite khéng chit (m=n) thi ham qua dé A@) ciia hé thong sé
khéng xust phat tit goe toa dg, tic la A(+0) = 0 (dinh 1y 2.3, muc 2.1.2, trang 67).
Néu G(s) 1a ham hgp thite chit (m<n) thi ham qua d6 A(¢) cha hé théng s& xuft
phat tit géc toa dd, tiic 1a A(+0) = 0 (dinh 1y 2.3, muc 2.1.2).

Néu G(s) c6 m=n-1 thi ham qua dj A(t) ciia hé thong s& xufit phat tit géc toa do

nhung ¢6 dao ham g-llg-ﬂ tai d6 khac 0 (dinh ly 2.3, muc 2.1.2).

10) N&u G(s) c6 m<n-1 thi ham qua dé A(t) cia hé théng sé xuit phat tit gdc toa dé,

déng thdi dao hAm clia né tai d6 cang bing 0 (dinh Iy 2.3, muc 2.1.2).

Sau day, ta s& nghién cifu thém nhiing méi quan hé khac gitta vi tri diém cye, diém

khéng clia G{(s) va tinh ddng hoc cta hé.
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Goi —p;, i=1, ... ,n la cac diém cyc va —g4 , k=1, ... ,m la nhing diém khéng cla
ham hap thite G(s). Khi @6 ham truyén (3.60) sé viét duge thanh

(s+q1 Xs+qs) - (s+q,,)

, = 3.61
S+p)E+ps) - (8+py) (m=<n) @61

G(s) =k

Nhu vay, r6 rang hé (3.61) 1a sy mac ndi tiép cla cac khau (hinh 3.33)

- khuéch daik {3.62a)
— khau Gcl, (s) =s+i, v=1, ..., m (3.62b)
s+ Py

L Jj=mtl, ... n. (3.62¢)

p . 1
- wvacac khau Gq(s) =
J s+p,

_ﬁ}ﬂ——-» U LT/ RN R S
s+ p S+ D 8+ Dysr % Pn

Hinh 3.33: So d8 khéi tvong duong clia hé ¢é ham truyén dat (3.60).

Dinh ly 3.40: Xét hé pha cyc tidu SISO ¢6 ham truyén dat dang (3.61) véi k>0 va tat ca
cac didm khong —q,, . k=1, ... ,m, cac diém cuc -p; . =1, s o déu 1a nhimg s6

thuc. Khéng mat tinh tdng quat néu ta gia thiét:

N

g15¢sS o g, va pL<py< - <p,.
Vay thi:
a) N&u déng thdi ti't ca m bat dang thite sau duge théa man

41> P1> 92> P2, ' s @m~ Pm (3-63)

thi ham qué dd A(t) cia hé sé don digu tang, n6i cach khic hé khéng c6 4§ qua
diéu chinh (hinh 3.34a).

b) N&u c6 I bat dédng thic trong s8 m ba't ddng thitc (3:63) khéng duge duge thoa
maén thi ham qua d6 A() cta hé s€ c6 ding ! diém cyc tri (cuc dai va cye tiéu),
va do d6 hé c6 d6 qua.diéu chinh (hinh 3.34b).

Chitng minh: o
Vi ¢6 gia thiét cho ring hé (3.61) 1a pha cyc t_.ié'u vdi tat ca cac diém cyc, khéng njm

trén truc thye nén. p; >0, ¢, >0 véimoi i, k.

Ngoai ra, hé (3.61) con Ja sy méc ndi tiép cia cac khau (3.62) nén ham trong hidng
£() ciia n6 sé la tich chap cua tat ca cac hdm trong ludng ca cac khau do, tic la
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gty=kl gliy* - g ) gl (* - *gln] (3.64a)

trong dé
gL=6(t)+(q, — pp) e F L v=1, L m. (3.64b)
=Pt jmm+1, . (3.64¢)

lh(t)

hc{\ sy e’ sl - ===

=2

Hinh 3.34; Minh hoa cho dinh Iy 3.40.

(a) Cac ham g?(t) , j=m+1, ... ,n cho trong (3.64¢) hién nhién 13 khéng dm. Do ¢d

diéu kién (3.63) nén cac ham gll,(t), v=1, ... ,m cho trong (3.64b) ciing khéng am. Suy

ra tich chap g(?) cia ching tinh theo (3.64a) ciing la ham khéng 4m. Vi A(f) c6 dao ham
£@®) khéug 4m nén A(t) sé 1a ham khdng giam.

(b) Trude hét ta thay tich chap cGa mét ham khéng am vdi mét ham khong duong sé ddi
d&u mét 1an. Néu nhu ¢6 I bit ddng thitc (3.63) khéng duge théa man thi sé ¢6 { ham

trong s& cac ham gl(f), v=1, ... ,m la khang duong (¢>0). Suy ra tich chap g(¢) cQa tat

cé cac ham g(#), g)(t) s& d6i daul 1an va do do h(t) cé I diém cyc tri. o

Vi du 36: Cho nhitng hé SISO véi ham truyén dat sau

1+0,75s _ (1+05s)* . 1
G e)=— Gog)=m—m— Ga(s)=
16) 1+s 2(6) (1+s)1+08s5) va 3(s) 1+s

Tt ci cac hé nay 1a hé pha cue tiéu. Cac diém khéng va diém cyc ciia ching déu
théa min bit ding thic (3.63). Ching han nhu hé Gy(s) ¢6 hai diém cye duge sdp xép

theo thit tu tir nhé dén n 1a p, =1, py= % va hai diém khéng ciing sip xép theo thd tu

d6 1a g, = g; = 2. Chung déu thoa man g, > p, , g2 > p, . Bdi vay theo dinh 1y 3.40, ca ba
ham qua d§ ~,(t), ho(t), Aa(t) s& don diéu tang (hinh 3.35). (m
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08

2
06 Go(s)= __(1+08s)"

2T 1+ 8)(1+0,8s)
0.4
1
0.2 1+s
L. L 1 t [
Hinh 3.35. Cac ham qué dé minh hoa f 2 é r é i
cho vidy 36
Vi du 37: Cho céc hé pha cyc tiéu SISO véi ham truyén dat sau
1
Gyls)= (1+0,58)1+ 1,8_s) va Gyls)= (1 +s)X1+2s)(1+ 3s) _.
(1+0,75s)(1 +1,55) (1+0,58)(1+1,28X1 + 2,28)"
- " . I - - 5 - » [ - 2 4
Hé G(s) c6 hai diém khéng ¢, i g2 = 2 va hai diém cyc p, =3 P2 =§—. Do cé

mét bat ding thitc trong s6 cac ba't ding thitc (3.63) khong duge théa man la g, < P nén
dd thi A(?) clia né sé c6 mét diém cyc trj va dé phai la didm cuc dai (hinh 3.36).

Tudng ty, hé Gy(s) c6 ba diém khong g, = %, gz =% ,g3=1 va bon diém cyc pﬁ% ,

P= 1—51 . P3 =% . P4= 2. Vi co mot bit ddng thiic g, <p; khéong théa min (3.63) nén 44 thi

h(t) cia n6 c6 mot didm cye dai (hinh 3.36). )
4 A(t)
1-t-=-- e e e L L
G, (s)= (1+0,5s)(1+18s)
L (1+0,755)(1 +1,55)
Hinh 3.36: Géc ham qua dé minh hoa cho vi \G;,(s)= (1+5)1+25)(1 + 3s)
dy 37. S (1+0,58)(1 +1,29)(1 + 2,28)% t

Tit hai vi du 36 v 37 v8i sy minh hoa cia hinh 3.35 ciing nhit hinh 3.36 ta nhan
thay mét didu nita d hé pha cyc tiéu 1a ngay sau khi bi kich thich bdi tin hiéu 1(¢) 4 ddu
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vao, tic la khi ¢ cén tudng 461 nho, hé luén cé dap ung A(f) cing hudng véi 1(). Didu nay
s& khong con ding néu nhu hé khong phai 1a pha cue tiéu, cy thé hon 1a khi hé ¢6 ham
truyén dat

G(s) = Go(5)Gy(s), (3.65)
trong d6 Go(s) 1a thanh phan pha cye tiéu (cac di€m cuc vﬁ»dié’m khéng déu nam bén trai
truc 40) vd G,(s) 1a ham truyén dat cia khdu thong tdn (all-pass):

1-Ts
1+Ts’

G,s) = (3.66)

Khau théng tdn cé6 ham dic tinh tdn bién-pha

~ . 1-joT
G =47
alj®) 1+ joT

i

(_?a(jcu)|= »1

Nhut vay, khau théng tdn c6 d6 khuéch dai bing 1 ¢ moi tin s6, tic la né khong loc bat
ky mét tdn s8 nao. D6 chinh 13'ly do tai sao né co tén [a thong tdn.

Dutdng dac tiuh tdn logarith cia khaw théng tdn la:

L{w)=0,
2T arctan2&T néu ol <<1
@) = arctan ————— = °
el (@T)? -1 arctnn—a%; néu T >>1

D6 thi ham qua d6 A(¢) ciia khau théng tan véi ham truyén dat (3.66) dutge bidu dién
minh hoa trong hinh 3.37a). Hinh 3.37b) 14 dé thi ham qua dé k() ciia hé pha khéng cuc
tiéu véi ham truyén dat G{s) cho trong (3.65). Ta 'cé thé thdy dudc la troug khoang thdi
gian nho ngay sau khi bj kich thich, hé ¢6 dap dmg ngige véi huéng cia tin hidu kich
thich ddu vao 1(2).

a) A h(®) b) NG
- Hé pha cuc tiéu Gy(s)
1 I P S hob-——=F"3c-= ==

Khau thdng tan
/ t M t
-1

Hinh 3.37; Ham qua 36 clia khau thong tén va cia hé pha khéng cye iy gém mat
khau pha cye tiu va mot khau thong tan méc ndi iép.

Binh 1y 3.41: Néu ham truyén dat cia hé én dinh c¢6 mét diém khong vdi phin thyc
duong (mim bén phai truc 3o) thi ham qua dd A(?) cha né sé co gia tri am trong mot
khoang thoi gian (0, 7].
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Vi du 38: Mot trong nhiing vi du vé hé pha khéng cuc tiu véi su tham gia cha mét khau
thong tdn la hé thong 1o hoi san xui't hoi nudce (hinh 3.38),

Caéng suét hai ra

v

Thai diém mé van nuc vao

Hinh 3.38: NGi hai 1a hé pha khéng cuc tidu vai mat khau thang tan.

Pé tang céng sudt hoi cung cdp 6 ddu ra ngudi ta md thém van dua nude vao néi
hoi. Nhung ngay khi méi md van, nudc méi dua vao ¢6 nhidt dd thdp hon nuée cé trong
udi hoi da lam cho nhiét 4 tdng thé trong ndi hai giam xudng. Didu nay dan téi vide
céng suat hoi ra ciing bi ha tam thai trong mét khoang thoi gian ngay sau khi ta mé van.
Chi d&n khi nhiét &6 trong noi hoi duge nang 1én bing véi nhiét do c6 trude khi md van,
comg suat hoi méi bat ddu tiang. 0

3.5.3 Phén tich hé hdi tiép

Hinh 3.39a biéu dién ¢&u tric mét hé hoi tiép, trong d6
~  uf?y la tin hiéw ddu vao,
—-  y(@) la tin hidu diu ra,
— R(s) ]a ham truyén dat cia bd didu khién,
—~  8(s) 12 ham truyén dat cta d6i tugng didu khién,

~ C(s) 1a ham truyén dat mo ta thiét bi do tin hiéu (cam bién, sensors),

—  ny(t), n(t), ng(®) la cac tin higu nhiédu (khéng mong muén) tic déng vio ha.

O uhimg trudng hop don gidn hon, khi ma tin hidu nhidu ddu vao déi titgng ny{t) c6 thé
bé qua. cing nhu cic thidt bi do tin hién la 1y tudng C(s) = 1 thi cdn truic hé hoi tiép sé
duge nit gon nhu hinh 3.39b mé ta. ‘

a) b)

”y n n
ult) e R 5o r (@) ult) e 7o 50 s ¥

C©) nd - g

Hinh 3.39: So dd cdu Inic hé hdi ti€p véi mét mach véng didu khién
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Hé héi tiép vita trinh bay 13 hé ¢6 cdu tric mét mach vong didn khidn don gian
nhAt. Vay mét mach vong didn khién can phai ¢6 nhitng tinh chit gi ?

1) Thi? nhdt la 6n dinh: Tin hidu diu vao u(f) 13 tin hidu dat trude. Ngusi st dung
mong mudn hé cé tin hidu y(f) = a ra nhu thé nao thi "ra 1énh" cho hé bang cach dat
trude gia tri mong muén doé dudi daug gla tri cia tin hiéu vao u() = a. Hé lam viée
dat yéu ciau phai la hé ma sau mét khodng thdi gian cin thiét ¢6 duge tin hiéu ra
¥(t) gidng nhu gia tri dat trude:

hm y(¢) =a. (3.67)
L=

Ré rang la dé c6 duge (3.67) thi tride hét y(2) phai ti€n déu mot hang s& (co ché db
xdc 1ap), néi cach khae qua trinh tu do cia hé phai tit dan, hay #é phdi on dinh.
Tuy nhién cdn phai chd ¥ rang khi hé 8n dinh thi c6 thé y(¢) tién dén mét hing s6
nhung khéng phai la @ nhu mong muén.

2) Thi hai la sai léch finh e(t) bang 0 hode bam duoc theo tin hiéu lénh : Yéu cdu hé
6n dinh méi chi xac dinh duge la y(¢) sé tién dén mot hing s6. Song viéc hing s6 dé
¢6 bing gia tri mong mudn a hay khong thi chua duge ddm bao. DE chic chin ¢o
ditge gia tri mong mudn a ¢ ddu ra thi hé phai théa man

lime(t) =0. (3.68)
t—w .

Trong khi yéu cau (3.67) chi c6 thé c6 duge néu nhu tin hidu ddu vao z(f)=a la hing
s6 thi ngudi ta thudng mong mudn (3.68) ludén duge thoa man v8i moi tin hidu vao
khac nhau. Hai dang tin hiéu lénh ngudi ta quan tam la:

~u) = 1(@).

- u@)=t.
Nhung ciing phai néi thém la ngoai hai dang tin hiéu trén, khé ma ¢6 thé dap img
dude yéu cdu (3.68) cho mét tin hiéu vao u(f) bat ky. O nhimng trudng hgp réng mao
hon, ngudi ta ciing da rat théa man néu nhu 6 thé tim dude bd diéu khién R(s) sao
cho véi né hé kin cé tin hién ra "gidn giong” nhu tin hiéu vio theo nghia

ly@-u@®| <, . (3.69)

trong dé £13 mét hing s6 duong da nhd. Bai toan mang déu cho hé théng kha ning
tin hidu ra y(f) bam duge theo tin hidu lénh dau
vao u{t) nhu (3.69) mb ta cé tén goi la didu khicn KM@

bdm (tracking control). ¥ nghia chudn sai léch | ____ /_\¥ B_ Q_q_u?ffu Ch'm:____
-trong (3.69) c6 thé 12 chudn bac 2 hoidc chudn vé i
ciing tuy theo timg yéu cdu cu thé cha bai toan. Dactungcho ¢
. . . ar L, nn xra . uan tinh hé thdng

3) Thit ba la tinh ddéng hoc phdi tét: Yéu cau (3.68) t

v qn ens A ¢ tinh ciia hs
mdal chi giai quyét vé tinh chdt fin} cua B Hinh 3.60: Danh gia chétuang dong hoo
théng. Nhitng yéu ciu chi ti&t hon cua hé thée ciia h thdng.

hién qua qua trinh y(¢) tién tdi giA tri mong
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mudn a hay sai léch e() tién vé O nhu thé nio duge goi la cic yéu cdu vé tinh déng
hoc. Chiing c6 thé la ¢hinh 3.40):
— y&u cAu vé quan tinh cin e6 ctia hé théng, vé thdi gian qua trinh qua ds,
~ yéu ciu c6 hay khéng dé qua diéu chinh, v& mién dao déng cho phép cia cac gia
tri trang thai, cac tin hiéu ....

4) Thit ti ld bén vizng: He phai lam viéc khéng nhUng dat dugce chat lugng da dé ra ma
con phai giit duge chit lugng dé cho da:

—  ¢6 bat et mdt sy thay d6i ndo khong ludng duge trude x4y ra bén trong hé théng
{mé hinh, tham s& thay déi ...)
- va cb su tac déng clia nhitng tin hiéu nhidu khong mong mudh.

5) Cuéi ciing la 6 wu: Day la mét trong nhiing yéu cAu ndng cao, déi héi rng ha
khéng nhiing dat duge cac chi tiéu chat lugng dé ra ma con phai dat dude mét cach
t6t nh&t. Ching han nhu céng sust tdn hao cho qua trinh qua d6 la it nhat, thai
gian xdy ra qua trinh qua d§1a ngan nhat ....

Nhiing tiéu chudn trén 1a cac tidu chi cdn phai dat ditge cha mot hé théng didu
khién. Phan tich hé hdi tiép ¢6 nhiém vu kiém tra xem nhitng tiéu chudn gi hé da co,
nhiing gi chua dat duge d& con bd sung. Mudn bé sung hay mang dén thém cho hé théng
chét lugng méi thi phai xac dinh duge nhitng tham s& gi, cac khau co bin nao dnh hudng
tryc tiép téi nhitng tidu chudn di néu, dé tir d6 bist duge phai bé sung nhu thé nao théng
qua bd diédu khién R(s).

V6 finh 8n dinh

D& kiémn tra tinh én dinh 8n dinh hé kin ta s dung nhitng tién chuan da trinh bay
tai mue 3.2, trong do tidu cbudn Nyquist (muc 3.2.6) va phuong phap st dung bidu dd
Bode {myc 3.2.7) diac biét thich hgp.

Phat trién tiéu chufin Nyquist ta di d&n mét tidu chudn khac ¢6 ¥ nghia nhiéu hon
cho cdng viée thiét k& bo diéu khién R(s) sau nay.
Binh ly 3.42: Hé kin c6 cic ham truyén dat S(s), B(s) 12 nhitng ham bén, s& n dinh néu

. 1
R on € Fr———.
1Ok s,

Chitng minh:
Vi c6 gia thiét S(s), R(s) 1a nhitng ham bé&n nén hé hd én dinh, Nhu viy, theo dinh 1y
3.21 ctia mue 3.2.7, &0 dé hé kin én dinh 1a

|SGIRGe)|= sup | S(a)R(w)|< 1 {3.70)

O<wsm

Mat khac, do chudn vé cling thoéa man céng thic bdt ddng thic Hblder md ring
(muc 2.3.2, chueng 2, trang 131) nén cing di dé c6 (3,70) 1a
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ISGeIRGe) | <I S| o | BGe) |0 < 1
va d6 1a diéu phai ching minh. . .0

Vi du 39: Hay xac dinh bé diu khién R(s) sao cho hé kin gém né va dsi tugng voi ham
truyén dat
{1+ s)3
(1+0,15)3(1 +10s)

duge én dinh.
Tit biéu dé Bode Lg() cGa 481 tugng (hinh 3.41) ta c6 duege ngay:

max | Lg(w) | = 20dB (khi &=10)

Dsw<om

= IS(w)|~= sup ISGw)|=|S(10)|=

O
Vay da dé hé kin én dinh 12 him bén R(s) théa man:
RG] < 0,1.
Chéng han nhtt ta c6 thé chon:

R(s) = ﬁ (khi d6 thi |R|e= 0,05 — c6 thé tim nhd bidu dé Bode). 3
S
4 Ls(e)
I L EEEHN LIV b rdenby 1 B LTI
COHT 0 D0 TLHEE
20 |- FHt— £ -20dB1
| | |

0
[ T R
-20 A T T
I N R AT | e N I M R N1 1 I A I R}
. ‘ 1 TR T T Tﬂ'rﬁ'n w
Hinh 3.41: Xac dinh chuan cuc dai [ N 1 I S T | I B | RIS
nhd biéu dé Bode, Minh hoa 0.1 1 10 i

cho vi dy 39,

Cha ¥: Dinh 1y 3.42 chi la diéu kién di dé hé kin n dinh. Piéu dé néi ring hé kin
van c6 thé én dinh khi mét trong hai ham R(s), S(s) khang bén, hodc khi R(s}, S(s) la
nhitng ham bén nhung bd didu khién R(s) lai khéng thda min
1

R j an < —_—
ool G,



vé sal léch finh
Sai léch tinh cta hé kin phu thudc vao tin hiéu kich thich & ddu vac. Dinh 1y sau 1a
tiéu chudn danh gia sai léch tinh khi tin hiéu ddu vao 1a ham Heaviside hoic tang déu.
Binh ly 3.43: Cho hé kin 4n dinh, khéng c6 nhidu tac dong, vdi so dd cfu tric cho trong
hinh 3.39b), n,{#)=n4(@)=0. Hé s& khong c6 sailéch tinh, ticla lim e(f) =0, néu
oo

a) u(f)=1(f) va ham K(S):Ti)R(S; c6 it nha't mot di€m khéng 1a géc toa d6, titc
la K(0)=0.
b) w(t)=t va ham K(S):T-:S(.lg)—R(s)— c6 it nh4t hai diém khéng la goc toa dd, hay (it
nhat) =0 14 nghiém béi hai cua K(s)=0.
Chitng minh:
Trude hét ta thay duge ngay
K(s)= ..__._._1—
1+ 8(s)R(s)

chinh 13 ham truyén ciua hé c6 dau vao u(t) va dau ra e(t). Vay thi
E(s) = K(s)Uts),
trong dé E(s) 1a anh Laplace cia e{t} vA U(s) 12 Anh cia u(®).
Theo dinh 1y v& giéi han thi nhat caa toan ti Laplace (muc 1.8.1, chuong 1) ta ¢6
lim e(2) = lim sE(8) = lim sKU .
tm s=0 £=0
Lan lugt thay U(s)=l cho trudng hop u@)=1(¢) va U(s)= L‘) khi u(f)=t vao cong thic trén
3 8"
ta thu dugc didu phai ching minh. 0
Tit ndi dung dinh 1y 3.43 va vi diéu hién nhién ring diém khéng ciia ham
1

= = 3.
K6 1+ 8(s)R(s) @.71)

ciing chinh 12 diém cyc cta tich S(s)R(s), titc 1a didm cyc ciia ham truyén dat hé hd, ta sé
di dén duge hé qua san:

Binh ly 3.44;: M6t hé kin én dinh, khéng cé nhiéu tac dong, véi so dé cfu tric cho trong
hinh 3.39b) khi duge kich thich béi 1(f) s& khéng c¢6 sai léch tinh ( lim e(¢) =0 ) néu
o

ham truyén dat hé ha S(s)R(s) ¢é chita thanh phan tich phin.
Vi du 40: Hinh 3.42 biéu dién ham qué db (dap ing cha hé vdi kich thich u()=1() & d4u

vao) ciia hé hdi ti€p c6 ciu tric so dd khéi cho trong hinh 3.39b) véi ham truyén hé hd
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1

SRS =———— 3.72
(s)R(s) (13055 (3.72a)
cting nhur véi
SE)R(S) = —— . ‘ (3.72b)
1+5s
Ta thdy o truong hgp (3.72a) hé khong c6 sai léch tinh vi S(s)R(s) c¢6 chira thanh phéan
tich phén, nhung véi (3.72b) thi hé c6 sai 1éch tinh va sai léch d6 bing 0,2. a
A @
1.5¥%

sailgch tinh 1T

051"

Hinh 3.42: Minh hca vi du 40.

V& chét lugng déng hoc
Tiép theo, ta danh gia ch4t Liugng déng hoc ctia hé kin théng qua d6 sai lach
[¥(®)-u@®)]. Sai léch cang nho, hé sé ¢6 chat ludng dong hoc cang tot.

Né&u d6 sai léch dude quan tadm 1a chudn bac 2 (hinh 3.43):

o]
Q = lyO-u®|= el = |fe*t)de
0
thi d€ tinh @ nguoi ta thuéng s dung hoidic phuong phap gidn tidp thong qua dinh Iy
Parseval (sé& trinh bay sau ¢ muc 4.7.1, trang 367) hodc tryc tidp vdi cong thie eda
Krasowski, Phuong phap truc ti€p Krasowski ¢6 néi dung nhu saw:
Gia su anh Laplace ca sai léch e{t) ¢6 dang

by +bys+ - +b, 5"t

E(s) = n-1 n’
ag+a 8+ - +a, 4§ +5
Vay thi
9 _ BiA) +BoAg+ - + B A, -2A,AqA
Q= ZagA ’
trong dé Hinh 3.43: Danh gia chat lugng dong qua

binh phudng sai léch.
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0 & -aj 0
a) A=det|] 0 -aq ay, - 0 |, a,=1 (3.73)
Q 0 4] o a,,_l

b) A, , k=1, ...,n dudc tinh gidhg nhu A nhung vector c6t thit k£ clia ma tran trong
(3.73) duge thay béng cét (a,,ag,0, ... .0 ).
) A;=-b,1a5.

A2=b0‘bn-1al, ‘.

An = bn—‘l - bn‘lan;l
dy B,=AZ,
Bay=A3 - 24,A,,
By= A3 - 244+ 24,4;,

By = Af ~ 244 1 Apar + 24304 1ud — 244 gApeg + -

B, =4,

Vi du 41: Tinh gia tri binh phuong sai léch @ cia hé kin ¢6 hiim truyén hé hé la
1+2Ts

2

S(s)R(s) =

khi hé dude kich thich bdi 1{2) & ddu vao.
Ham sai léch e(t) c6 anh Laplace
1 1 s

E@i) = = N tiacla &,=0, b:=1, ag=1, a,=2T va a.=1,
s) T+8R 5 TiaTer i c 0 1 o=l 2y va a,
Suy ra:
agy -—ao 1 -1
= det “ |=det = 2T,
a=de [0 @ J ¢ {o ZTJ
Ay =det] T T2 | = det 2T ~1)_ yp2,
ap a; 1 27
T
Ao—det(ao “1]=d (1 2 J:l,
0 ag 0 1



A= -bay=-1, Ay=by-ba,=-2T. B,=A¥=1  By,=A}=4T%

Vay
Q= Bioi+ Budy 281458 (AT +1)+4T° -8T% _ 1
2a3A AT 4T
= Q :; 1
2T
V& finh bén ving
Ham K(s) cho trong céng thixc (3.71) cda hé
héi tiép mo ta & hinh 3.44 6 tén goi la ham nhay  “O, € R Feom YO

(sensivity function) ciia hé. Tén goi ndy duge bit
ngudn tir ban chit cia né 1a dai lugnug do sy nhay

cam clin ham truyén dat hé kin
SR
1+SR

Hinh 3.44: Hé hdi tiép khdng cb nhigu.
G(s)=

tuong ing véi mot thay ddi nhé AS trong mé hinh ham truyén dat cila déi tudng. Néu goi
AG la sy thay déi trong G(s) ing vdi sai léch AS clia déi tugng thi d6 nhay cam 5 duge

dinh nghia 1a ty sé sai léch tuong déi EGE trong G{s) caa ca hé kin vai A—;— trong riéng
]

déi tugng S(s). Suy ra

AG
n= 1 _gﬁ.:iq_ﬁ
x50 A8 dS G
S

va d6é cang chinh la ham nhay ciia hé:

_Ru+SR)-SR* SQ+SR)_ 1

= K(s).
(1+SR)? SR 1+SR ®

= Tnax =1 KU @) || néu K(s) 1a ham bén.

Viée danh gia dé nhay cam 7 cia hé dng vdi sy thay déi AS cia déi tugng 13 cdn
thiét vi mdt hé thong didu khién ludn chia dung trong né cac yéu té khong chdc chdn
{uncertain) v8 di tugng. Ngudn gde cita cAc yéu t& khiong chic chin 46 co thé la:

- Déi tugng da duge md ta mét cach khéng ddy dii, mé hinh mé ta dai tugng khong
chinh xac.

— M5 hinh déi tugng ma ta st dung la mot mé hinh don gian, duge xap xd tift mo
hinh phic tap mé td chinh xac d6i tugng. Chéng han nhu déi tugng c6 mé hinh
chinh xac 13 phi tuyén, song dé don gian héa cho céng viéc phan tich va thiét k&
hé didu khién ta dd xap xi mé hinh phi tuyén dé bing mét mé hinh tuyén tinh.
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Hé kin ¢6 bé didu khién R(s) giit cho chat lugng hé théng khéng (hoac it) bi thay déi
béi sai léch AS ciia d6i tugng ditge goi la hé thong bén vitng. R(s) khi d6 cling co tén la b5
didu khién bén vitng. Hé sé cang bén viing néu chit ludng hé théng duge bao tdn vai
mién dao déng AS trong d6i tugng cang cao.

Maét trong nhitng chi tiéu chat lugng bén vitng hang ddu ma ta quan tdm 1a tinh én
dinh bén viing. titc 14 hé kin vin 6n dinh véi moi su khéng chic chin AS thude mét mién
cho truée. N&u bang cach nao dé ma nhing yéu té khéng chic chin AS vé déi tugng nay
¢6 thé bidu dién dirge dudi dang tham sé thay déi ciia ham truyén dat

Gls)= SR =b0+bls+‘-~+bms’"

L+8R  ap+ay8+--+a,s

msn

n

troung do
ai <a;<af ,i=0,1, ... ,n
va bi<bh; <b ,i=0,1. ... .m

véi a; ,a} ,b; b} 1a nhitng gia tri cho trudc, thi tinh én dinh bén vitng clia hé kin c6 thé
duoce kiém tra mot cach don gian nha tiéu chudn Kharitonev (muc 3.2.8, trang 209).
Nhitng bai toan c6 y&u td khéng chdc chidn AS duge thé hién qua su thay déi cia
tham s8 trong md hinh d6i tugng nhu vay duge goi la bai todn cé tham sé mé hink doi
titdng khong chic chdn (parameter uncertainties) hay bai toan vdi sai léch mé hinh ¢6

cdu triie.

Vi du 42: Cho hé kin ¢6 ciu tric s ¢é khéi nhu hinh 3,44 mé ta, Gia st ring d8i tugng 6
ham truyén dat vdi tham s8 khéng chéc chdn

S+b0

S(s) = trong dé 1 by<3,6<a, <7, 1<ay<2.

l+ays+ a!s'2
Né&u bs diéu khién dude sit dung 1a khan tich phan
1
R(s)=—
s
thi ham truyén dat eiia hé kin ¢6 dang

SR _ s+bg
14SR by +(1+bg)s+ays” +ags®

G(s)=

véi su khang chae chdn 1< b3 <3, 2< 1+b, <4, 6<a, <7, 1S a,52. Do da thuc
K,(s)=3+4s+ Gs2 + 233

la da thae Hurwitz (c6 thé kiém tra nhd bing Routh) nén theo tiéu chuin Kharitonov
cho trudng hop n=3 (dinh 1y 3.25, trang 214}, hé kin én dinh véi mién tham sé khéng
chéc chén da cho (da thiic miun s6 14 Hurwitz chit). ‘ ‘ a
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Tuy nhién, khéng phai moi trudng hgp y&u t& khéng chic chin ctiia d6i titgng co thé
biéu dién dude duéi dang tham s8 thay déi nhu vay, chdng han nhu yéu té khong chéc
chén lai nAm trong bac cia mé hinh dsi tigng. Nhitng dang yéu t& khéng chic chin (sai
léch mé hinh déi tugng) khéong biéu didn dwde qua tham s8 md hinh duge goi 1a sai léch
mo hink khong co cdu tric.

Hinh 3.45 biéu dién mat s6 dang dién hinh clia sai léch md hinh khéng ¢6 cau tric.

Q) b) c)

Hinh 3.45.  a) Sai l&¢ch md hinh thea quan hé bu cdng.
b} Sai I&ch mé hinh thea quan hé bl nhan.
c) Sai l&ch mé hinh theo quan hé bu phdi hgp.

Thuéng gap nhi't trong thite t& 1a bai toan didu khién ¢é yéu t6 khong chic chan cia
461 tugng thé hién dudi dang quan hé bi céng (hinh 3.45a va 3.46a), titc 1a ddi tudng sé
¢6 ham truyén dat thudc tap hgp

S(s)=8(s)+ AS  vdi |AS|<A

max -

Q) b) Jja

Hinh 3.46: Kiém tra tinh 8n dinh hé kin ¢6
sai léch mo hinh khang ¢du tric kidu
bu cong cda 45 Wigng.

Gia sl rdng ham truyén hé hd R(s) S(s) 12 ham bén vdi moi |AS |S A, - Vay thi
theo tiéu chufin Nyquist (dinh 1y 3.19, trang 205), hé kin s& dn dinh néu nhu quy dao
ham dac tinh tan bién-pha R(jw) §(jw) khéng di qua va khéng bao diém -1. Nhung do

| R(jes) S(jw) - RGaS(w) | <) R | A, uxe)
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nén dudng dic tinh tdn R{jw) §(ja)) chinh la tap cac diém' trong mit phdng phic nim
trong dudng tron tdim R{jw)S{jw) ban kinh fR(ja))lAnm(iaJ) . Bai vay, trong trudng hgp
dudng quy dao R(jw)S(jw) da khéng bao diém -1 thi cin va di dé dudng R(je) S(jw)
ciing khéng bao diém -1 1a ban kinh |R(j@) | A, (@) phai nhé hon khoang cach tif tim
duding tron R(jw)S(jw) téi diém -1 (hinh 3.46b). Néi cach khac:
| R | ApaxG) < 11+ Ria)S(w) |
Suy ra:
Binh ly 3.45: N&u hé kin véi R(s) va S(s) 1a én dinh va ham truyén R(s) S(s) 12 ham bén
véi moi JAS(s) € Ayax(s) thi cAn va dit d€ hé kin 6n dinh bén vitng v&i moei y&u t&
khéng chéc chin [AS(jw) | A, (j@) kidu bu cdng clia doi tugng 1a

1+ R(jw)Stjw)

B (3.74)

Bmax () <

Khi hé kin da éu dinh (bén ving) thi dinh 1§ 3.44 lai c6 thé duge sit dung dé khao
st sai l&ch tinh. Do dinh 1y 3.44 khéng c6 yéu cdu gi vé tinh chic chin cua d8i twgng
nén ta dén dugc:

Binh Iy 3.46: N&u hé kin véi nhimg y&u t& khong chic chin AS vé déi tugng la én dinh
bén vitng va SE)R(s) cé chita thanh phan tich phan (véi mei AS) thi khi ditge kich
thich bo1 1(t), nd sé khdng cé sai léch tinh.

Vé tinh t8i uu
Sau nay, trong chutdng 4, khi néi vé cac phuong phap tong hop bd didu khién t33 uu,

ta aé oo dip di chi tiét hon vé yéu cin chat hugng tot nhit cho hé théng cua bé didu khién.
{) phan nay, va cing dé minh hea viéc xac dinh tham s6 cho bé diéu khién sao cho hé
théng dat dude chi tiéu i wu cho chat lugng dong la binh phuong sai 1éch nhé nhat, ta
s& xét mot vi du.
Vi du 43: Cho hé kin ¢6 ciu tric sd d6 khéi nhu & hinh 3.44, trong 46

1 | 1

S(s) =—, R{s) = 5 -

s ag+a;8+s°
Hay xac dinh hai tham s ag, a, cho bd didu khién R(s) d€ hé c6 duge chat lugng dong
tét nhdt theo nghia

Q= fe@|s= ’j‘eg(t)dt — min.
0

Ap dung phuong phap Krasowski cho sai 16ch e(#) khi hé duge kich thich bdi 1(¢) tai
ddu vao, ta cb
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1 1 a2y +czls+s2

E)y = == T

1+SR s 1+ags+ays’ +s°
1 -a O a -aq 0
= A=det|0 @y -1|=apa;-1, Aj=det| 1 a; -1 =alag—ao+a;2

0 -1 a 0 -1 o
1 a 0O 1l -a; a,

Ay =det|0 1 ~1|=a,, As=det|0 a; 1 (=1
0 0 o 0 -1 0

A =-1, A;=0, A3=0

B,=1, B,=0, By=0

Suy ra

9 2
2 _mag —agp +ajy

Q 2(00(21 —].)

D€ Q c6 gia tri nho nhat thi hai tham s& @, . @; phii théa man:

6%1 =0 a, =1
6%[:=0 = {1 . 0

3.54 Phuong phap quy dao nghiém sé

Trong muc 3.5.2 trudc ddy ta da nhic dén méi lién quan giita chat lugng hé théng
véi vi tri diém cuc va didm khéng cia ham truyén hé théng trong mat phing phirc. Trén
cd s8 méi quan hé dé6, dé thyc hién nhiém vy cha bai toan 13 xédc dinh bd didu khién R(s)
cho déi tugng S(s) sao cho hé théhg c6 duge chat ltgng mong muéh, ta 6 thé tim R(s) sao
cho cac diém cuc cing nhit diém khéng ctia ham truyén dat hé kin:

Gls)= S(5)R(s)

= —— (3.75)
1+ S(s)R(s)
13 nhitng gia tri cu thé da cho trudce trong miat phing phie.

Nhung trude khi tim bo didu khién R(s) theo phuong hudng nhut trén ta ciing cin
phai phan tich dé biét duge cac diém cye, diém khéng cta ham (3.75) phu thuéce nhu thé
nio vao bd didu khién R(s). Pon gian hon nita, néu nhu ciu tric cha R(s) 1a da biét,
chang han nhu da biét bé didu khién duge st dung 1a bd PID véi ham truyén dat

1
R(s) =k, (1+',1:;I—s + Tps )

thi céng viée phan tich trén s& trd thanh xac dinh méi lién hé gida vi tri diém cyc, diédm

khéng ctia ham (3.75) véi cac tham sﬁ'kp , T7, Tp cha b diéu khién R(s).
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Sau day ta sé giél han bai toan phén tich trén & trudng hgp don gidn nhét 1a xac
dinh méi quan hé gitta tham s6 £ clia bd didu khién R(s) ¢6 cfiu tric

R(s) =k R(s), (3.76a)
véi cic didm cuc ciia ham (3.75), tic la véi cac nghiém cha
F(s) =1+ S{s)R(s) (3.76b)

trong dé gidng nhu S(s), ham R(s) duge gia thidt 1a da biét (hinh 3.47).

Binh nghia 3.7: Phuong phap quy dac nghiém 36’ 14 mot phuong phap phan tich chét
Iwtgng hé kin trén co s dudng d6 thi bidu didn nghiém s6 ciia ham (3.76b) theo tham
s6 £ cia bd didu khién (3.76a).

Jw

A

2

w
-
u{t) e = y®
k SR >
k=2
Hinh 2.47: Hé c6 mét tham sd Hinh 3.48: Quy dao nghiém s4 clia vi du 44,

Vi dy 44: Xét hé kiu c6 cdu tric so dd khéi cho trong hinh 3.47 va
10{(s+4)

S(s) ﬁ(s) =— .
s(s” +63+10)(0,15s5+1)

Giai phuong trinh phu thudc tham s6 &
10(s +4)

1+k—j =
s(8° +63+10)(0,155+1)

(3.77)

ta ¢6 duge diém cuc coa hé kin. Bidu dién cac diém cuc dé trong mat phing phic duwsi
dang dd thi phu thudc tham s& % ta duge quy dao nghiém s6 cia hé. Hinh 3.48 13 dé thi
qu¥ dao nghiém s6 ing véi dai bién thién 0<k <o cha tham s k. Chidu tang ciia & duge
thé hién bing chiu mai tén trén db thi quy dao nghiém s3. Cac ddu e trén dé thi la
nghiém cua (3.77) khi £=0,25.

Qu¥ dao nghiém s& ciia hé géom bon nhanh dng véi biac da thie miu sd ciia ham
truyén dat S(s)R(s) ciia hé hd la ban. Ca bon nhanh nay déu xuat phat (khi £=0) tir cac

diém cuc ciia ham truyén dat S(s) R(s). Chiing duge d¢anh d&u bing ky hiéuO trong hinh
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3.48. Di€ém khéng ctia ham S(s) ﬁ(s) duge ky hidu boi O va ciing la diém két thic (khi
k=) ciia mdt trong cac nhanh quy dao nghiém sé.

Vi duang quy dao ughiém sé nay ta c6 duge mot cai nhin truec quan vé sy phu
thuge ca chat lwgng hé kin vao tham s& 2. Chang han nhut do quy dao nghiém cit truc
3o tai =2 va niim bén phai truc do khi 2>2 nén hé sé khéng én dinh vai k22, 0

Qua vi du trén, ta di c6 duge khai niém vé ¥ nghia cting nhu ban chat coa phwong
phap quy dao nghiém sé déi vdi céng vide phan tich hé kin SISO ¢é ham truyén hé hé
phu thugc mét tham sé k:

B(s) - bU +b15+ +bmSm

GL8) =k S(s)R(s)=4 , (m<n)
——  A(s ag+a;5+ - +a,s"
Gh(s) —
Gh(s)

trong dé ay,ay, <+, a,,b5, by, -y by, va k12 nhing sé thyc.

Goi p; . i=1, ... ,n lacac diém cuc va gy, k=1, ... ,m la phing diém khéng cia

Gp (s) . Khi d6 G,,(s) sé viét duge thanh

Gys) =k (6= )57 gy) - (3-Gm)
(s-mNs—pa) - (8- pg)
Hé kin én dinh néu nhit cac diém cuc cda ham truyén hé kin, titc 1a nghiém cta
Als)

1+ Gh(S) =0 (=] -k= —B(_s)' (3.788)

=

n
1_”5 - il m
=l vy > arg(s- p;)— Dargls—q;)=(2+1)x véi lez. (3.78b)

=1 i=1

:3 W

|s“ql|

-
Ll
—

ndm bén trai truc ao.

Nhing do nghiém clia (3.78b) phu thudc k£ nén khi k thay di. cic nghiém dé ciing
¢d thé sé dich chuyén tit nita mat phing bén trai truc do sang nia phm hoic ngudge lai
tao thanh cac dudng quy dao nghidm s&.

D& xiy dyng dudng qu§ dao nghiém sd ta c6 tam quy téc ciia Evans phat biéu nhu
sau:

1)  Quy tic 1: Quy dao nghiém sé cé dang déi xitng qua truc thuc.

Didu nay la hién nhién, vi phudng trinh (3.78a) c6 cac hé sé la s§ thue nén nghiém
ciia né phai hodc 1a 56 thuc, hoic 1a cic s& phite lién hdp. Néi cach khac, nghiém ciia
(3.78a) nam doi xitng qua truc thyc.
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2) Quy tic 2: Quy dao nghiém 56 c6 n nhdnh. Cdc nhdnh nay dés bit ddu khi k=0 &
nhitng diém p;, i=1, ... ,n (diém cuc cia 5,, (8)). Sé c6 m nhénk két thic khi k—x
taiqy,, k=1, .. ,m (diém khong cia G, (s)).

Quy dao nghiém s6 ¢6 n duong vi phitoug trinh (3.78a) ¢6 n nghiém g vdi s& bac
cta da thie A(s) 1a n. Khi 2=0, phuong trinh (3.78a) trd thanh A(s) = 0, a1 dé nghiém cfia

16 chinh 1a diém cuc ciia éh (s) . Vay t4t ca n nhanh nay déu phai bt diu tit cac diém

cyep;,i=1, ... ,n.
Trudng hgp k— thi do (3.78a) tudng duong véi

nén nghlem clla noé cing s& bao gém m nghiém cia B(s) = 0. Do d6 trong s6 n nhanh sé
c6 m nhanh két thie tai cac diém khéng ¢, k=1, ... ,m.
3)  Quy tdc 3: Quy dao nghiém s6'cé6 n —m nhdnh kéo ra xa tdn vé citng khi k—s«..
Tit phan phuong trinh (3.78b) véi ¢

l'lls pil

]1m-———~—=ao
k—bﬂf‘ m
[Tls-ail

i=1

thi r6 rang phai cé » —m nhanh kéo ra xa tan v6 cang khi k—«.

" 4)  Quy tdc 4: Goc xudt phdt ctia cde nhdnh tai diém cuwe p;, i=1, ... ,n la:

a; =- Zarg(pl pj)+ Zarg(pl gj)+ Q+Dx véi lez (3.79a)
f=1 =1
i j

va goc két thiic tai cdc diém khong q;, i=1, ... ,m la:

n m
= Yarg(q; - p;)+ Darg(g; —q;)+ (2l+)x véi lez. (3.79b)

i=1 =1

! fxi

Tinh diing dén cita hai cong thic (3.79a) va (3.79b) duge kiém ching mét cich dé
dang nhd (3.78b) bing cach cho nghiém s tién tai p; dé c6 géc xudt phat a; (s— p;) hodc
tdi g; dé c6 goc k&t thic g; (s—» g;).

5) Quy tdc 5: n—m nhanh kéo ra xa vé ciing déu c6 d'mmg tiém cdn. Cac dumg uem
cén do cang cat truc thuc tai mét diém:

1 n m
—| Lpi-2ai (3.80a)
i=1 i=1
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va hdp vdi true thue mot gic
2l +1
n-m

7= T, I=0,1, ... ,n—m+1. (3.80b)

Dé xac dinh phudng trinh dudng tiém cén cla nhitng nhanh quy dao nghiém a8 kéo
ra tdn vé clng ta sé sit dung cdng thire (3.78a). Tir (3.78a) vdi gia thiét p; , i=1, ... ,n 1A

cac didm cyc va g, k=1, ... ,m la nhing d¢iém khéng cia G, (s) ta dugc

' lﬂl(s—p,-) s"—[Zp,;)sn_l+
=1

| - =1
—k = o = - .
H(s—Qi) sm_(zqi}sn—] PR

i=] i=1

Chia da thic tit s6 cho da thitc mAu s6, sau d6 cho s— réi chi gitt lai hai gia tri ddu
tién (vi thye cha't ta chi cAn c6 phudng trinh dudng thang khi s da 16n):

n ., m -
—k=s"—m—[2pi - Zqus”"m ! (vdi s =)
i=1 =1
1
L m n-m
1 2pi- 24
=  (-k)nm =g1-iL _i=l
s

Khai trién v& phai bing cong thic khai trién nhi thitc Newton va cho s> ta ¢

1 1 n m
(-R)n-m =s - 2Pi-2.4i|=8-1g. (3.81)
R=mii-1 =1
o
R6 rang rg 1a mot s6 thuc vi p;, i=1, ... ,n cing nhu g;, i=1, ... ,m hodc la cac s& thye,

hodc 1a cac s6 phitc lién hop.

T (3.81) ta suy ra duge tiép
1
s=(-k)* M +ry
Nhung vi

—k = k[cos(2i+1) z - jsin(2i+1)x | = k £/ +17
nén
1 . 2{+1
bogE,
s=kn-Mmg R-M +p,
Nhat vay, tét ci cic dudng tiém cin déu co chung mot giao diém véi truc thyc l1a ro va

hgp véi truc thue mot goc
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l=2t+1:r s I1=0,1, ... ,n-m+1.
n—-m

Téng cong cé tit ca n—-m dudng tiém can déng quy tai 7, trén truc thyc tao thanh
mat hinh sao ¢é n—m tia xung quanh r;. ' '
8) Quy tdc 6: Tdt cd cde diém trén truc thuc ném bén trdi tong s’ lé cdc diém p; va g,
déu thuée quy dao nghiém so.
Diéu nay ta cé thé thiy duge ngay tit phuong trinh vé& goc pha (3.78h) cho cac
ughiém thuc s véi p, va g; cing 1a nhitng s thye
n m
Zarg(s -p)-Yarg(s—g;)=(2+)x.
=1 =1
Nhung do cac diém phic p, , q; dén dai xdng qua truc thuo nén sé cac didm pivd g; Dam

bén phai nghiém cta (3.78a) cling s& van la s6'18.

7)  Quy tic 7: Cde nhdnh ctia quy dao nghiém s6 cdt nhau tai nhitng diém théa man:

i 1 g 1
= : (3.82)
15~ P (1574

Ti phuong trinh (3.78a) ta ¢é

InGyls)=Ink+>In(s-p;)- Ylu(s-g;)

i=1 i=1
suy ra
d 1 dGy(s) _ & |
— I Gy(s) = . (3.83a)
ds h Gpis) ds § = p; 1213 -q;

Goi s 1a giao diém clia cac nhanh ctia quy dao nghiém s&. Vay thi s phai la nghiém
béi cua phuong trinh (3.78a). tic 12 né phai théa min

— dGh (S) =
1+Gu(s)=0 ——ds 0
1 dGile) (3.83b)
Gh(s) ds )

Thay (3.83b) vao (3.83a) ta c6 didu khing dl {3.82). Chu ¥ rang diéu kién (3.82)
chi la diéu kién cin chit khéng dd, tdc }a khéng phaktat ca cic nghiém cha (3.82) déu la
diém giao nhau gifta cac nhanh quy dao nghiém s8.

8) Quy tde 8: Giao diém s,=jw, ctia quy dao nghiém s6'vdi truc do la nghiém cia:

{Re[A( Jjo)l+ k. RelB(jw)]=0

AGw, )tk Bljw.)=0 (3.84)

Im[A(jew)}+ ke Im[B(jw )}=0"
Tinh ding din ciia (3.84) duge suy true tidp tiz (3.78a).

266



Vi du 45: Cho hé kin c¢é cdu tnic sd d6 khdi nhut trong hinh 3.47 vi

1

Gy (s) = S(s) E(s)=m :

Trude hét ta thiy G, (s) ¢6 3 diém cyc1a p, = 0,p;=-2va py=—4. Ngoaira é;l(s)
khong c6 diém khong. Do d6 quy dao ughiém s ma ti hé kin sé gdm ba nhanh va ca ba
nhanh nay déu kéo ra xa vé cing khi £-—»o. Ba nhanh qu# dao nghiém déu ¢6 chia
nhimg doan trén truc thyc gdm doan théng gita cic diém Py =0, py=-2 va niza dudng
thidng bén trai diém p3=—4 (hinh 3.49).

Dudng tiém cdn cia cac nhanh déng quy tai

ro = %(0-24):«3

va hgp vdi true thue cac géc

T 5% 4
70=§- n=Ear, r =‘E"-
Céac nhanh c¢6 giao diém vdi nhau tai
1 1 1
;+ s+2 * s+4 =0
< 85 +125+8=0
o em2rl.  aea L o
\/5 2 JE Hinh 3.49: Minh hoa vi du 45.
treng dé chi ¢6 thyc sy
2

8= -2 +—= = 0,85

NG

la giao diém vi "diém tudng la giao nhau" s, lai khéng thudc vé quy dao nghiém s&
(khéng trén moét nhauh nao) nén bi loai.

Quy dao nghiém sé cdt truc do tai
- 6(1):7 +k, =0

Jo o, +2)(jw,+4) + k, =0 o 3
-, +8w, =0

3.5.5 M®i lién hé giira chudn cla tin higu va cla hé théng

Trong chuong 1, muc 1.5 ta da dude biét khai niém chudn tin hiéu, cing nhu méi
lién hé qua lai gifta anh Fourier va anh Laplace cia n6. Muc nay s& gidi thidu thém khai
niém chudn cia mét hé théng va quan hé clia né véi chudn cac tin hidu vio ra.

CAn néi thém 1a n6i dung muc 3.5.5 ¢6 xudt xit mang vhigu tinh nghién ciu hé
théig v& mat toan hoe han la diéu khién tuyén tinh théng thitdng. Song gin hai thap ky
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gén diy, trong didu khién bén vitng, dic biét 1a trong didu khién H, , trén nén tang cdc
kién thic nay ugudi ta di dat duge nhidu thanh cong trong viée xay dung, téng hop bé
diéu khién c6 thé chju dyng dugc nhiéu lén ciing nhu mién sai léch mé hinh déi tugng
rong. Bdi viy, thist nghi ciing 1a cdn thiét néu ta duge trang bi thém cac kién thic d6.
Cho hé SISO cé ddu vao u(t) va ddu ra y(¢). Goi G 1a mé hinh mé ta hé théng. Vay
thi G chinh 1a anh xa bién d8i mat tin hiéu u(?) thanh tin hidu y(¢). Ngwdi ta bidu didn
- khai niém anh xa dé6 nhu sau:

G:ult) — y(b). ' (3.85)

Dinh nghfa 3.8: Chudn |G/ cta 4nh xa G : u(f) — y(t) (cang la chudn ciia hé théng) 1a
gid tri 1gn nhé't trong cac ty sé chuin b4c haj cla tin hidu y(f) chia cho chudn bac
hai ctia tin hidu u(¢), tic la

e,

{Gl= sgpm- (3.86)

Ngoai anh xa G kiéu tdng quat (3.85) va néu hé 1a tuyén tinh thi nhu d chuong 2 da
chi 18, ta c¢dn ¢6 nhidu dang mé hinh khac nhau cu thé hon dé mé ta hé théng, trong dé
thwang dung nhit cho hé SISO tuyén tinh 13 ham truyén dat G(s). Ham truyén dat
G(s)ec 1a ham phic c6 d6i s§ phitc seC va la anh Laplace cia ham trong lugng g(®),
trong d6 ban than g(t) cling lail 14 m6t mé hinh mo ta hé théng. Do G(s) 124 mét ham s6
1én 16 cing ¢é chuan ham s8 dinh nghia tueng ty nhu cic céng thic (1.40) + (1.43) da
cho trong muc 1.5.1, chitgug 1, trang 40.

Khi hé én dinh thi G(s) la ham béu va chufin ciia ham phic bén G(s) dude xic dinh

nhu sau:

1) Chudn bic 2: 1GE)|.= }21—” (GGl de = jgw),. (3.87)

2) Chudn vé ciing: 1G©) | o= supIG( jw)| . (3.88)
w

Dinh Iy 3.47: Chudn v cing |G(s)|w ctia ham truyén dat G(s) dinh nghia theo (3.88)
ciing chinh 1a chudn dnh xa G : u(f) = y(¢) dinh nghia theo (3.86)

lre),

||"(‘)l|2

1G(s) = =suplG(im) = |G|= sup
@ u

Chitng minh:

Trudc hét ta sé chi ring | G(s)]» xac dinh theo (3.88) chinh 1 mét gia tri chin trén

cia %%-Z;l—dz . Vdi cong thitc Parseval (dinh 1y 1.1, muc 1.5.2, trang 42) ta ¢
2
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ol = 5= [ oo = flaGo)" WGio)* do

sfol, 57 UG dw = jaey, Juol;
trong dé «(t) la mot tin hiéu vao tixy ¥. Vay

uy(t)||2 véi moi u(t) = IG&)| 2 sup el )"2 =[Gl (3.892)

o], (20 B

Bay gid ta gia st @, 13 diém tdn s6 ma tai ¢6 ham G(jw) c6 gia tri cuc dai, titc 1a

1G(8) |« = Glimp):

Xét nhitug tin hidu vao #(f) co

1G@ ] 2

U(jw)= 2a8a- ag) = ||fi(t‘)”2 =1

va gol ¥(¢) 1a dap tng cua hé vdi nhitng tin hidu nay. Khi 46 thi

“G||2 =sup ]ly(t)ﬂg
v e,
( ) bt 0|~ 2
::y ):: = [5ofa= |Y(Jfl-')| do=—— | |cGef TG do

= j lGtio) 6% (@-wo)dw = 1Glwg)|*  (cong thitc tich phan (1.2¢))
-

=leesy (3.89b)
Cuédi citng, so sanh (3.89a) véi (3.89b) ta dén duge didu phai ching minh. a
Trén tinh thdn ngi dung dinh 1y 3.47, tit nay vé sau ta s& ky hidu |G| thay vi |G|
dé nh&n manh ring né duge xac dinh theo ca hai cach (3.86) hoac (3.88).
D& x4c dinh méi Lén hé gida chudn tin hidu vao u(@), tin hidu ra y(¢) cia hé SISO
vdi ban thin chudn ciia he théng la |G|« hotc |G(s)||, hodc ||g®)]], ta c6 dinh Iy sau:
Bjnh ly 3.48: Cho hé SISO én dinh, ¢6 ham truyén dat hop thic chit G(s). Giita chuin
tin hidu vas u(t), ra y{t) va cac chuiu [g@®)],, |G® |2, |G)l= cia hé ¢6 quan hé;

Ca) [y@Ole =[G |2 fu®H, (3.90a)
B r®l==lg@l ]z (3.90b)
) lly@le = 1G] =fu@)]s. (3.90¢)
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Chung minh:

Dé chitng minh (a) ta st dung ba't ddng thide Cauchy-Schwarz:

@

{80t - Du(r)d 1

-0

Iyl =

-m -

1/2 172
5( fgz(t—f)de [f”g(f)d’] =le@) 2 Ju®) ]2 =1 ] |z®)] -

Do bit dﬁng thie trén ding véi moi tin higu vao u(t), ra »(t) nén

Iyl <] G&) 2 fu®]:- (3.91a)

Miit khic néu ta chon tin hidu vao #Z(2)= —~——HZE;)?|) thi do "fi(t)"2 =1 vi tin hiéu ra
F(t) ¢6 ¥0)= |G(s)] s nén

7l 2 |G = |G jae, - (3.91b)

So sanh (3.91a) vdi (3.91b) ta c6 duge d.p.c.m.
Tudng tu ta cing sé chitng minh (b). V&1 moi tin hidu vao ra w(), y(¢) thi

lyo ! =

fg(t—r)u(r)d/{

— 00

3

jg(t— T)dr

-

= ly@ e < be® ;@] - {3.91¢)

<

lu@lw=le@ ] fu®]

Né&u chon #i(t— 1) = sgn g(2) thi do “E(t)"00 =1, tin hidu ra y(¢) sé thoa min

()= [elo)i(e-dr =| [ g -0)de| =Jg® |, =le® ], [, =12@],
= ¥,z le®l =le@], [z®)], . | (3.91d)

So sanh (3.91c¢) véi (3.91d) ta ¢6 duge d.p.c.m.
Cau (c) chinh 14 hé qua ciia dinh 1y 3.47. Thiat vay, do

uGll”U = sup ”y(t)“‘)! “y(t)"g

¢ Gleo . Dz - 3.91
P, o, " Clel®l2 bOl (3.91e)

Mat khéce néu chon i(t) c6 U(jw)= 2xde - ) thi véi l[a(r)l[,_, =1 ta con duge

IGE [zl =161 = |5 (xem phdn ching minh dinh Iy 3.47). (3.9
Két hgp (3.91e) vdi (3.9110) ta c6 d.p.c.m. 0
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Vi du 46: Cho hé mé ta béi him truyén dat

—5

1+2Ts+5%

Gin st rdng trong tin hidu ddu vao u(t) ¢6 1an nhiéu n(?) kiéu bit cong véi nang lugng

G(s) =

| n® ], < 0,4. Hay xac dinh sy anh hudng ctia nhidu dé d6i véi tin hiéu ra y(¢).

Goi thanh phan nhiéu ¢6 14n trong d4u ra la y,(2) thi theo dinh 1y 3.48 cAu c), nang
Iwtgng cia thanh phan d6 sé duge danh gia bai,

"yu(t)uil = !|G"°°||n(t)"2 SOAHG"m

Thay |G| »= % (xéic dinh nhd biéu db Bode) ta duge |y, @), < %—,2—

Dé danh gia ||y, ()]« ta st dung dinh 1§ 3.48 ciu a)

lyat ke =[G |n@]2< 04| G5 -

Thay |G()|.= \}F (xac dinh nhd phuong phap Krasowski — xem vi du 41) ta duge
2
v 0,2
"yn("')"l‘-s = 0

T

3.6 Phan tich hé khong lién tuc

Trong phan nay ta s& phan tich cac hé thong tuyén tinh cé tin hidu ddu vao khéng
lién tuc dang xung |} da duge dua qua khau ZOH thanh u(f) dang lién tuc—rdi rac va

tin hiéu ra | y, } Ia khoug lién tue dang xung. Hé ¢6 thé 1a MIMO hoic SISO.
k X

Muc 2.4 cua chuitong 2 (trang 151) da cung cdp nhimng hinh thai khac nhau mé ta hé
théng d6. Hat hinh thai ca ban trong s6 chung la:
1) Heé SISO vdi so d6 nguyén 1¥ ¢d ban nhu &
hinh 3.50 sé ¢6 ham truyén dat

- . G(z)= z-1 _G..(_'?_)_
G(z)zzzlﬂ Gis)} @)= —3 =~}
~ I Y .
by +byz+ o+ by 2™ -
= zn’ [} u(t ¥ fy, !
Qp+ @zt - 4@,z

—! GZOH'(S) G(S) Jlr—)‘

f

e

trong d6 z =o%Ta vy T, 1a chu ky trich
m‘;-"iu tin h'léu, tie 1a u, = l_l-(kTa) Cﬁng Hinh 3.30: ‘deﬂ khoi hé khéng lién tuc.

nhu Y, =Z(kTa) .
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2) M5 tid vdi mé hinh trang thai: Cing ¢ muc 2.4.4 thuge chwong 2, trang 161 ta da
duge biét 1a he MIMO véi tin hidu vae #(¢) dang lién tuc—rdi rac

E(t)= uy, =ukT,) khi kT, <t <(k+1)T,
va tin hidu ra { ¥, | dang xung s& dugc mé 14 bdi md hinh trang thai

Lpe1 = Z-Ek + E-‘ik

- - (3.92)
Zk = ngk -+ ng
Néu nhu trude khi trich mau tin hiéu ddu ra hé ¢6 mé hinh lién tuc
ili =Ax + Bu
dt - (3.93)
=Cx+Du

thi gifla cAc ma tran A,B,C,Dcla (3.92) véi A, B, C, D cira (3.93) c6 méi quan hé
(xem lai muc 2.4.4):

e

A=e?Te, B= [eMdt.B, C=C v D=D. (3.94)
0

Véi hé SISO thi t&r mé hinh trang thai (3.92), trong dé u), dude viét thanh u; va Y,

thanh y, vi cac vector iy, Y, chi ¢6 moét phén tl, ta s& suy ra duge ham truyén dat G(2)

bing cach chuy&n hai v& etla phuong trinh tha nhat trong (3.“92) sang mién phdc nhg
toan tit Z, trong d6 ¢ dé ¥ téi tinh chit dich phai (muc 1.4.2, trang 26):

X@)=AXe) + BUR) o X@=(I-A) BUE
sau d6 thay vao phudng trinh thit hai ciing da dugc chuyén sang mién phic:

Ye)= CX@) + DUE)=[C (2I- A) ' B+ DU

o Go=Y®oGGr-X)'B+D. | (3.95)
U(z) : ‘ ;
Nguge lai, cling véi hé SISO, thi tit mé hinh ham truyén dat
e TR . n Iy b, e 5 n—l
G(z)=b°+blz+ +b,2" _ bp+byz+ - +by g2 d,
Qo +0yZ2+ - +a,z2"  ag+agz+ - +a, gzt 42t
trong 46
E,-:b"—'-‘fill"-, i=0,1, ...,n-1 va d=2n
ap ap
Ta ¢é duge
'y Y e 5 n_l
Y) - dUG) =| 20t BiZt = +bana d|Ue@.

g +a1z+ - +@p_12" 4z

Dat bién trang thai
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X,2)=Y@) -dU@E)
ta di dén

Xn+an_1~1-X,,+ +a]an+a0—1-X,,=U+5n_1lU+ +5]lU+b—0_l.U
z z z z z z

A Xn':U: [ FUU-uOXn]%+51U-01Xn]%+ :l%+gn_lU-an_1Xn}

-
~— Xl _——
— XZ —
Xn—l

trong da
X, =%(30U _agX.,)

X2=§(X1+51U—alx,,)

Xn=':_(xn—l +En—lU'_an—an)-

Chuyén toan. bd cac ddng thitc trén sang mién thoi gian va vidt lai dudi dang ma
tran ta sé ¢é md hinh trang thai dang chudn quan sdt nhu sau:

00 - 0 -a By
1 0 -- 0 —al El
Xpe =0 L S PR I FTPA (3.96a)
00 0 -a, 2 bns
0 o0 1 —-a,, En_l
< —
A B
y£=(0 0 - 0 1)xp+ Duy vsi D=a=be. (3.96b)
h_-_-_——,_,'———-—_' a"
c

3.6.1 Quatrinh ty do va tinh 8n dinh
T md hinh (3.92) ta suy ra duge (xem lai dinh 1y 2.26, trang 163)
2= Argo+ 3 A*By,
Do dé qua trinh ty lc;: cha hé sé la (qua trinh tu do la qua trinh mé ta hé di- tit diém
trang thai ddu x, va khéng bi kich thich):

Ek"'zkic.o-
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Hé én dinh khi qua triuh tu do tat ddn. Xudt phat tir mé hinh lién tuc (3.93) ma it
d6 théng qua viéc trich mau tin hiéu ta duge mé hinh rdi rac (3.92) thi qua trinh tyu do
ciia hé réi rac ciing chinh la nhitng gia tri trich miu clia qua trinh ty do hé lién tuc

y =tz = rm=etls
= Xp = eAkTa x (3.97)
;k

(dinh 1y 3.1, trang 176). Do dé day [xj | tat ddn khi x,(¢) tit din, hay A 13 ma tran bén.
Neéu goi s; 12 mét gia trj riéng cua A thi théng qua quan hé (3.97) hay A = eAT“ ma
z; = esiTﬂ
cang 1a mét gia tri nméug cua A . Béi vay khi A 1a ma trian bén thi cac gia tri néng caa
A phai théa man
lz;1=1 e®iTa [<1.

Ta di dén:

Binh ly 3.49: Hé MIMO c6 tin hiéu vao lién tuc-rdi rac #(¢) tin hiéu ra {Qa_k } dang xung

vdi mé hinh trang thai (3.92), sé én dinh khi va chi khi tat ca cac gia tri riéng z; cia

ma tran A nim bén trong dudng tron don vi, tic la |z,~ |<1.

Dic biét, néu hé (3.92) la SIS0 thi do c6 quan hé (3.95), da thic miu s6 cia ham
truyén dat G(z) ciing chinh 13 det(z/- A ). Do d6 dinh 1y 3.49 ¢6 dang phat bidu tuong
duang cho hé SISO nhu saw:

Dinh ly 3.50: Hé SISO ¢6 tin hiéu vao ra khéng lién tuc véi ham truyén dat G(z) sé én

dinh khi vi chi khi t4t ca cac diém cyc z; ca G(z) nam bén trong dudng tron don vi,

tice la |25|<1-

Trén tinh than ndi dung hai dinh 1y trén, dé kiém tra tinh dn dinh cia mat hé

khéng lién tuc, ta chi cfn kiém tra xem nghidm e¢ia da thie dac tinh det(z]- A) hay
nghiém ciia da thitc miu s& ham truyén dat G@) cé nim bén trong dirdng tron dan vi
hay khéng. ' '

Binh nghia 3.9: M4t da thic

= n
A@)=agt+a;z+ - +ta,z
néu cé tit ca cic nghiém z; , i=1,2, ... , n nidm bén trong dudng trén don vi

(lz;t<1), dwoc goi 1a da thic duing tron don vi.
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3.6.2 Tiéu chudn xét tinh 8n dinh Schur-Cohn-Jury

Xot da thuc A) bac n va gida st z;, (=1,2, ... . n la nghiém cia né. Theo dinh Iy

Vieta, cic hé sd cha da thac A(2) s& ¢6 quan hé vdi nghiém z; cita ué nhu san:

Al) =agta,z+ - +¢:t,12'I =a,lz—2,)z-z,) - (2—2,)
n n
=an[z" 2" Yz 4 +(—1)"1—[zij’

i=] i=1

n n
- _ Il
= a,1=—ap 2.2, ag==a,[]z
i=1

i=1
Pinh ly 3.51 (diéu kién can): Nén da thie
A@)=ag+az+ - + anz"
1a da thae duiing tron don vi thi |a0 I< |a,,1 .
Chung minh:

n
Tir gia thidt |z;1<1 véi moeiita co ]—[lz;l <1 nén cing cd
i-

n n n

lagl=la,TT2: | =la, 11 [Tz I=la, |- []|z)<la, |
i=1 i=1 i=1

= legl<la,l. a

Cha y: Dinh 1y .51 chi 1a mdt tidu chudn giip xac dinh nhauh mot da thirc Az) c6

thé 13 da thdce dudéng tron don vi hay khéng chit chua dG dé khang dinh né chic chin sé
1a da thic dueng tron don vi. Vi dy sau minh hoa didu dé.

Vidu 47: Da thue
Az) = 0,8+42+0,22°+ z° = (2+2/)(2-2j)(2+0,2)
c0 ay=0,8 va ag= 1 thoa man |aG|<| 03| nhung lai khéng phai la da thic dudng tron

don vi vi 6 hai nghiém z, 5 = 2/ nam ngoai dudng troén don vi. m)

Binh ly 3.52 (Schur-Cohn): Dé da thie
Agle) =agtaz+ .- +c1nz’z .
la da thirc dwong tron don vi thi cdn va dala
ay

<1 va AR =Age) - 22 Dyk)
a, an

cing la da thae duong tron don vi, trong dé

n -1 n n—1
Dy2)=2z"Aglz Y =apz " +a,z" "+ - +ta,_jzta,
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Chitng minh:
Xét da thire phu thuge tham sé ¢
Clz,5) = Ap) — £ Dylz)

Gia st ring C(z, £) c6 nghiém z, nadm trén dudng tron don vi ( lzk |=1). Vay thi do

IDyep) | = 1 Aptz;") 1= ApE) | 7, 1a gia tri lién hgp cha 2z,

| Ay(zp) 1=1A) | Ap(zp) la gia tri lién hgp clia Ay (z)

nén ta cb
0=1Ce, 1= 1Az 11-£1.
N6i cach khac, khi £ #1 thi mei nghiém 2z Vdilzk I=1 cta Clz,) cting 13 nghiém cia

Ay@). Nguge lai, néu 2, véi lzk |=1 12 nghiém cta Agy(z) thi do

Ayl(z - -
0=Apz) = O(nk) =Ag(2;") =2} Ag(z3") = Dolep)
%k
nén z;, ciing 1a nghiém ecua Cz, £).

Ta di dén két luin ring védi moi £ #1 nghiém nam trén dudng tron don vi ciia da
thite C(z. £) ciing chinh 1a nghiém ciia Ay(2) va ngugc lai. Do nghiém ciia Ay(z) khéng phu
thude £ nén cac nghiém z; véi |zk I=1 cha C(z, &) ciing khéng phu thuédc £ khi ma & #1.
K&t luan nay chi 15 58 cac nghiém nim trén dudng tron don vi clia C(z, £) 12 mét hing s6
v81 moi &£=#1.

Bay gi¢ ta cho £ chay trong khoang [0,1).

- Véi £=0 thi do Ciz,0) = Ay(z) nén tit ca nghiém cua Ag(z) ciing 1a nghiém cia
C(z,0), hay s6 cic nghiém clia Ay(z) ndm trong dudng tron don vi ciing bing sd’
cac nghiém nam trong dudng trdén don vi cia Ciz,0). Goi 85 cac nghiém dé 1a L.

— Tang dén £ va gia s trong qua trinh ting ddn £nhu vay sé cic nghiém nam bén
trong dusng trong don vi la ! clia C(z,£) bi thay d4i, tic la c6 mét nghiém tit bén
trong di ra ngoai hoic c¢6 thém nghiém ti¥ bén ngoai di vao trong dudng tron don
vi. Do nghiém ciia C(z, ¢) thay doi lién tuc theo ¢ nén bat budc trong qua trinh
dich chuyén dé phai ¢ lic chiing nim trén dugng tron don vi. Didu nay da lam
cho s8 cc nghiém ndm trén dudng trén don vi cha Clz,£) di c6 lic bi thay d5i
(161 hon hoic nho hon £). Didu nay trai nguge véi két luan trén. Vay diéu gid s la
sai. Néi cach khac 1a khi 0<g<1, s8 cac nghiém nim bén trong duwdng trong don
vi ciia C(z, €) 1a [ phai 13 m6t hing s6 va bing 36 nghidm ndm bén trong dudng

trén don vi cua Ag(z).
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Chon ¢= |ilg
an

do £<1, A(z) cing 1& da thitc dudng tron don vi. Nguge lai khi A,(z) 14 da thic dudng

88 c6 C(z, &) = A(z). Boi vay néu Ay(z) 1a da thidc dudng tron don vi thi

tron don vi va £<1 thi Ag(z) cing 1a da thic dudng tron don vi giong nhuv A, (2). m)

Da thiic A,(z) trong dinh 1y 3.52 ¢dn vidt duge thanh

A2) = Aye) - —?Do(z) = Aylz) - %’-:"Aﬂ(z'l)

n ‘ n

a [+ a -
ZI:{al—a—o‘an_lJ'l-{ag—a—oan_gJZ*F +{an—'a—OGUJZ" l]
n n n

do d6 A ,(2) sé 1a da thitc dudng trén don vi khi va chi khi da thdc cé bac thap hon

a, an - a _
pl(z) =l ——Oan_l +| ay ——nan-g z+ - +| @, ~ 0 ag n-1
a, an an

ciing la da thitc duong tron don vi. Vii nhan xét nhu viy Jury da xdy dung thuit toan
kiém tra xem

Aglz) = +a(0)z+ +a£,0)zrl (3.98)

c6 phai la da thdc dugng tron don vi hay khéng gﬁm hai budc nhu sau:

1) Ha dan bac ctia Ay(z)

1
7)) = a.(()”+a(l g+ e fl”lz
(1) _ (0 “50) (0)
val a; =) =5 Fnmio1 i=0,1, ..., n-1.
al’l
p{2)=a )+au’z+ +afl2_)22" 2
2=, ag’ (1
val ai =al-+1 ‘(—[)an—l'—r N l=0,1, ee g n-2.
a
n-1
- -1
Pn-1@) = ag’ "V +a" V2
(n-1) _ (n-2) _ ag' ™ (n-2)
P n-— —_ n- n=-2 —_
vdl a; =a;, a‘(," 2)“1—:’ , 1=0,1
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2) Kiém tra diu kién cdn va da 4; =

Thuat toan trén sé rit tién lgi cho viée st dung khi né duge biéu din dudi dang

u(l)

a, i

bang nhu sau (bang Schur-Cohn~Jury):

(?) <1, véimoii=0,1, ...

, n—1.

0 0 4}
ay” ai” ay”
0 ) (0
ag) 2,1 anBO

(1) — () )]
ag =@ -Aga,’

(1) (M 0
a, ’—a2 —,loaf?_),z

(1) _ _(0) (0)
a; =ag -dpa,’y

(1)
an’y

o a
aijz

48]
a, s

(2} - (1) )
ay =a; -, a,°,

2y _ 1) (1)
a,” =a, —llan__a

(2 _ (1 1
a; )—a.g)—llafl_)d

TSN
a;

aén—l) agn-l) 0
(n-1}
a _
9 (n-1) (n-1) 0
An-i a” ay

Vé1 bang trén, da thac (3.98) sé 1a da thic dudng tron don vi khi va chi khi gia tri

tuyét déi ciia cac sé hang 2; trong cjt ddu tién nhé hon 1.

Vidu 48: Cho da thuc

2 3 4
A(z)=-1-Tz-82"+28z2"+48z .

Lap bang Schur-Cohn-Jury

-1 -7 -8 28 48
48 28 -8 -7 -1

6,42 -8,17 27,85 47,98

47,98 27,85 -8,17 -6,42

-4,45 26,76 47.12

47,12 26,76 -4,45

29,28 46,7

46,7 29,28

Do cac gia tri cot ddn déu cb tri tuyét ddi ithe hon 1 nén da thic 43 cho la da thitc dudng

trdm don wvi.
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3.6.3 S dung cac tidu chudn xét tinh &n dinh hé lién tuc

Trong muc 3.2 ta ¢ lam quen vai rat nhidu tidu chuin xét tinh én dinh hé lién tuc
trén co sd khao sat viing chita nghiéin da thic dac tinh ca né (ving chia didm cye ctia
hé), trong doé cac tidu chudn nhu cia Routh-Hurwitz, Lienard-Chipart 1a kha théng
dung. Céc tiéu chudn nay ¢6 nhidm vu xac dinh xem nghiém da thac dic tinh 6 ndm
bén trai truc ao hay khong ma khong can phai tryc tiép di tim cac nghiém dé.

Khac véi tiéu chuidn xét én dinh hé lién tuc, viée xét tinh n dinh hé khéng lién tuc
théng qua sy phan bd nghiém da thic dic tinh cua hé lai phai chi rd nghiém cta da thirc
dac tinh ¢6 nam trong dugng trén don vi hay khéug. Bdi viy muén su dung duge nhitng
tidu chudn xét tinh éu dinh hé lién tuc cho viéc xét tinh 8n dinh hé khéng lién tuc thi
¢in thiét ta phai tim duge mét don anh (phép bign d6i mot-mot) cac diém z nam bén
troug duong tron don vi thanh mét diém p nam bén trai tryc ac trong mit phdug phitc
(hinh 3.51a). Chu ¥ ring d day ta k¢ hiéu d6i s6 1a p chi khong phai 1a s nhu & hé lién
tuc 1a d€ nhan manh ring phép bién déi dé chi cé ¥ nghia cho viée xét tinh éu dinh chir
hoan toan khéng phai 12 mot anh xa chuyén déi mé hinh khéng lién tuc thanh mé hinh
lién tuc tuong dwong, chiug han nhu khéng thé bang phép bién déi nay dé chuyén ham
truyén dat khong lién tuc G(z) thanh ham truyéu dat lién tuc ((s).

Hinh 3.51:Phép bién a8i dé sir dung cac tiéu chudn xél &n dinh hé lién tuc cho
viéc xét tinh 8n dinh hé khéng lién tuc

Hinh 3.51b} mé ta mot phép hién déi nhu vay. NEu nhu diém p ndm bén trai truc ao
thi vector p+1 sé c6 dé dai nhé hon dé dai cua vector p-1, do d6 ty s6
p+l
p-1

z =

(3.99a)

sé& cho ra mét vector z ¢6 d6 dai nhé hon 1, hay z sé nidm trong dwdng tron don vi. Ngude
lai, khi p ndm trén hoic bén phai truc ao thi do dé dai vector p+1 sé& bang hoic 16n hon
dd dai clia vector p-1, din dén z theo (3.99a) ndm trén hoic ngoai dudng tron don vi.

Phép bién dai (3.99a) la phép bidn d6t mét-mnét, tic 1a anh xa ngude cla uo
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_z+1

(3.99b)

z-1
ciing s& chuyén ddi moét di€ém z nim bén trong dudng trdn don vi thanh mét diém p nim
bén trai truc do. Ngudi ta thudng goi (3.99) la drh xa luting tuyén tinh.
V4i anh xa ludng tuyén tinh (3.99) thi:
Binh 1y 3.53: T4t ca cic nghiém cia da thitc

AR)=ag+az+ - +‘1nzn (3.100)

88 nam bén troug dudng tron don vi khi va chi khi cac nghiém ciia

n
p+l p+1
A*(p)=ag+a + - +a
®)=do e "(p-l]

nim bén trdi truc ao.
Bién déi chiit it A*(p) thanh

@-1)"A*@) = agp-1)" + a,(p-1" P + - +a, @+)" (3.101)

thi dinh ly 3.53 trén con duge phat biéu lai nhut sau:

Pinh ly 3.54: Dé (3.100) la da thitc dudng tron don vi thi cdn va di 1a (3.101) phai la da
thic Hurwitz.

Vi du 49: Xét da thirc
3

A@) =-0,1-0,5z + 0,222+ 2°. (3.102a)
Tudng tng véi né la da thite
C(-1°A*p) = -0,1(0-1)"-0,5(p-1)°(p+1) +0,2(p-1)(p+1)*+ (p+1)°
=0,4+3p +4p> +0,6p° . ' (3.102b)
Lip cac ma tran
3 06 0
3 06
H3 = 0,4 4 0 ’ H2 - , H] =3
04 4
0 3 06
Do co
det(H,) = 7,056 >0. det(Hy)=11,76>0, det(H,)=3>0
nén (3.102b) 1a da thitc Hurwitz. Suy ra (3.102a) 1a da thitc dudng tron don vi.
Khing dinh trén c6 thé duge ki€m ching lai tryc ti&p tir (3.102a):
A(z) = —0,1 -0,5z + 0,227+ 2% = (2%-0,5)(z+0,2)
L)z +—) (2+0,2). | o

TR R
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Vi du 50: Da thic bac 2 dang téng quat

A@)=ag+ta;z + 027.2

(P-D*A* () = aglp-1)"- @, (p-1)(p+1) + ag@p+1)*
={ag-a;+ay) + 2ag- agxp + (@t a+ ag)pzl
Bdi vay né sé 1 da thic ducng tron don vi khi va chi khi cac hé si
lagt aytag),  (ag-ag), (2ot a;* aq)

cang dau va khac 0 (theo dinh 1y 3.10, trang 192). m)

3.6.4 Tinh didu khién dugc va quan sat dugc

Cho hé MIMO cé r tin hiéu vao dang lién tuc-roi rac dude viét chung lai thanh
vector i(t) -

B()= uy = u(kT,) khi kT, <t<(k+1)T,

va r tfn hiéu ra dang xung ciing dudc viét chung thanh vector { Y, }, mé ta bdi mo hinh
trang thai bac n (c6 n bién trang thai)

x =Ax, +Bu ~ - - -

ShHL TSR TR s Aer™™, B er™, G er®, Der® (3.103)

¥, =Cxp+Du,
Binh nghfa 3.10: Hé (3.103) vdi bac 7 duge goi la

a) diéu khién duge ndu ing véi moi diém trang thai ddu x,eR” cho trude bao gid
ta cling tim dude diy gbm hitu han N cac gia tri tin hidu (g, 2;, = , un—1]
dé dua duge hé di tit x ) vé tdi goe toa d6 0.

b) dat tdi dude néu itng véi moi diém trang thaj cudi x yeR" cho trudc bao gid ta
ciing tim dirge ddy gém hitu han N gia tri tin hidu {ug, u,, - ,wy—; | 4€ dua
dudc hé tit goe toa do 0 tdi duge x .

) diéu khién dugc hodn toan néu ing vii moi diém trang thai ddu xoeR” va moi
diém trang thai cudi cho trude x NeRn bao gio ta ciing tim dudc day gom hitu
han N céc gia tri tin biéu {ug, 2y, -~ , 2y} dé dua dugc hé di tir z v& téi
duge x .

Theo dinh nghia vita néu thi ré rang hé sé& diéu khidn dude hoan toan khi va chi khi
né déng thai diéu khién duge va dat tdi dugc.
Tit mé hinh (3.103) cho hé MIMO tham s& hang ta cé:

281



- By oo
=ARl g0+ S ARy, . (3.104)
i=0

B3i vay, dé kiém tra tinh diéu khién dude, ta chi cdn xic dinh xem phuong trinh

(3.104) itng véixny=0vax, tayy

AN 5, +Ni1ZN_i_1§E£ =0
i=0
Yg
o ANy =(B AB .. AN5)
UN-1
c6 nghiém {uy, u,, -, ux-,} hay khéng.

Xem AY va {8 AB - AY-'B) 1a hai anh xa tuyén tinh thi ro rang (3.105) co
- nghiém vii moi £, eR" khi va chi khi mién dnh clia ching tring nhaua:
Im(A¥)=Im(B AB - AN-1B). (3.105)

Nhung theo dinh 1y Cayley-Hamilton (dinh 1y 2.12, trang 138) thi khi N>n, ma

tran A s& phu thuéc tuyén tinh theo A, A%, ---, A®'. Do d6 viéc cé nhiéu hon n gia
tri tin hiéu di€u khién 14 khéng cdn thiét. Vi vay (3.105) sé tudng dudng vdi

dim Tm(A" ) = dim Im(§ AB .- Z"‘lﬁ).
Ta di dén:
Binh Iy 3.55: Cin va 4% dé hé (3.103) didu khién dugc 1a:
Rank(é AB . E“‘lﬁ) = Rank(A"). | (3.106)
Tudng tuf, cﬁng tit (3.104) thi d€ kiém tra tinh dat~tdi duge cia hé (3.103) ta phai
kiém tra xem phudng trinh
N-1 %o

sy= 3 AN 1By, & ay=(B AB . ANB)

1=0 Uy_y

c6 nghiém vdi moi x,, eR” hay khéng.
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Suy ra:
Dinh 1y 3.56: Cin va da 48 hé (3.103) dat tdi duge la:
Rank (E AB - Z""ﬁ] =n. (3.107)

So sanh (3.106) va (3.107) ta nhé4n xét théy:
~ Didu kién (3.106) dé hé diéu khién dudc va (3.107) dé hé dat t4i duge chi tuong
dugng v8i nhau khi Rank( Z_") = p, tic 12 khi ma tran A khong suy bién. Néi

cach khic, chi khi A khoéng suy bién thi giéng nhu & hé lién tuc, hé s& didu khién
duge hoan toan ndu né didu khién dugec.

- Né&u A suy bién thi Rank(A”) < n. Do dé khi hé dat téi duge thi né ciing s& didu
khién dugc, nhung ngude lai ndu hé chi diéu khién dudc thi khéng cé nghia la no
ciing dat t6i duge va do d6 ciing khong diéu khién duge hoan toan. Day chinh 1a
didu khac biét so vdi hé lién tuc.

Dinh ly 3.57: Can va du aé hé (3.103) didu khién duge hoan toan la né dat téi dudge.
Vi dy 51: Cho hé ¢6 mét ddu vae mé ta boi

1 2x+2u
x = .
kel 0,5 l_k 1 k

Hé nay co

Ez(ofﬁ ﬂ @z(g] ’ 52=(0T5 f) (015 TJ{f ;]

=  Rank(B £§)=Rank(5.2)=Rankﬁ ;) =1

nén né diéu khién duge. Nhumg vi

Rank(B AB)=1=22
nén né khéng dat téi duge, do d6 né khéng diéu khién dude hoan toan. Chang han nhu
2
vii x =(0) thi de phudng trinh

I 2 {2 4 2
(B AB)|™“0|= “o | =
Uy 0 1 2 ul 0
v6 nghiém nén khong tdn tai {1, u,} d& dua hé ti géc toa dd 0 tai dude x . O

Vi du 52: Xét hé vdi mét ddu viao mé ta bdi

1 2 2
Tee1 =( 4 |2EF| k-

Hé nay cé
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Eﬁ:[l 2)[2)=[4) =  Rank(8 KE)=Rankﬁ i‘J=2

0 1)1 1

nén no virta didu khién dude, vita dat t8i dude, tire la didu khién dugce hoan toan.

0

Tiép theo ta phanu tich tinh guan sat duge cia hé tham s8 hing cé mé hinh trang
thai (3.103). Y nghia ciia viéc phan tich d6 nhu sau: Gia sit ring tai thdi diém 2=0 hé

dang g trang thai goekn naq d6 va ta phai xac dinh ._x_oeRn. Néu ta c6 thé lam dude vige

d6 théng qua quan st (do) cac tin hiéu vaoe ra trong mét khoang thoi gian hitu han thi

hé sé dudc goi la quan sat duge.

Dinh nghia 3.14: Ha (3.103) véi bac rn duge goi 1a quan sat duge néu diém trang thai

xg eR” clia né 6 thé duge xic dinh mét cach chinh xac théng qua hitu han N cac gia

tri tin higu vio ra (g, i, - -.‘LN'—ll"-é{ngzl'

Viét lai (3.104)

~ k-1 .
i_t_k:Ak-E.o + ZAk_l_lBl_‘.i
i=0

réi thay vao phuong trinh th hai trong (3.103) ta duge

—~—

k-1 ... . -
y,=CAkzo+ 5 CAF 1 By, + Dy,

i=0

Ak kol ~aAk-1-in ]
L — CA J—:0=Zk_zCA—_1BEi~D[_‘k

i=0

Azk
Cho & chay ti 0 d6n N-1 58 cé

¢ 4y,
CA Ay,
. Xg = :
CAN-! Ay

Nhung do A* phu thude tuyén tinh theo A, A2

phuong trinh trén viét duge thanh

c AY,
CA Ay,
. Xg =
‘CAn—l Azn-l

Tit (3.108) ta thiy diém trang thai x, s& xac dinh dude nén nhi 4nh xa
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éxln—l
c6 mién anh i toan bd khéng gian trang thai. Néi cach khic:
Binh ly 3.58: Hé (3.103) s& quan sat dude khi va chi khi

~

C
Rank C_A =n. (3.109)
6K-n—l
Vi du 53: Cho hé mé ta bdi

1 0 1
£k+1=( }’ik +( }uks Y= L)xptuy.

Rank [ g.] =Rank (2 1] =2
CA 4 1

nén nd quan sat duge, tite 12 moi di€m trang thai £0eR2 cia né s& duge xiac dinh tir hitu

han cic gia tri tin hidu {ug, 2, } va {y,, ¥, } nhd cong thie (3.108):

o A - 21 -
erBH ) o ()
CA Ay, ¥1 - 2ug -1y 4 1 ¥ - 2ug -1y

- - _1(-1 1 Yo —Ug . | a
204 -2y -2upg—u
Ti€p tuc, néu so sanh (3.107) véi (3.109) ta con thay
- ~ T
C C ‘
Rank| €4 |=Rank| “ | =Rank[f? ATET .. @ATy1ET)
EEH‘I EZn—l

do dé khi hé (3.103} quan sat ditge thi hé vdi mo hinh:
= ~T
x,.,=4"%x, +Cu
TEk+l . =k N =k (3.110)
Y, =B x +Euy

& dat tdi duge (tic 13 didu khién duge hoan toan) va nguge lai. Ha (3.110) duge goi 1a ha
d61 nglu véi hé (3.103). Ta di dén:
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Pinh Iy 3.59: Hg (3.103) s& didu khién dude hoan toan (hay quan sét duagc) khi va chi khi
hé d&i ngau véi né 1a (3.110) quan sat duge (hay didu khién diide hoan toin).

Vi du 54: Xét hé SISO c6 ham truyén dat

n-1
G@) = by +byz+ - + b,z

ap+ayz+ - +a, 2"t 42"

Theo (3.96) thi h8 con duge mé ta bdi mé hinh trang thai dang chudn quan sat:

00 -« 0 —ay bo

10 -0 -g by
T L S P I PP

00 - 0 —a,_ b, o

0 0 - 1 —apy) - by,

ye=0 0 - 0 xg.

Hé cé
1] 0 —dy
1 0 - 0 -aq
CA=(o o - 0 1)|: ¢ ™. i & =0 0 1 -a,,)
00 - 0 —a,
00 -1 ~a,,
FAZ=0 0 - 1 -a,)A=00 -+ 1 -—ap, -a,_p+al)
5X""1=(1 -, _1 r—an_2+as__1 )
nén
c 0.+ 0 1
CA 0 - 1 .
Rank| “4 |=Rank|) 7 1 |=n (vico dinh thite bing 1)
CA™! I

va do dé né quan sat dude (cac ddu » la chi nhitng gia tri dudc xac dinh tit bs tham s§
Qos Gyy =" 5 Gp—y).

Hé d8i nghu véi né c6 md hinh trang thai

0 1 ... 0 0
_| : : +:
T T =T S P L
_ao _al an_l ]_
yr=0bo - bpo1)zg
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¢6 cing ham truyén dat nhu hé da cho

Glz) = by +biz+ - +bl.,:4:’"‘1

ap+a 2+ - +a, 12" 42"

nén thuyc chdt né cing chinh 1a hé da cho. Vay theo dinh 1y 3.59 thi hé d4 cho ngoai quan
sat dude con didu khién duge hoan toan. a

Cau hoi én tap va bai tap

1) Hay xic dinh qua trinh cudng bic va qua trinh ty do cia nhiing hé théng SISO
dude mb ta bdi cac ham truyén dat sau:

_ 2. 2 .
s—1 b) Gis)= 5°+s8+1 o G = §°+35+2

a) G(s)=
(s+2)(s+4) s(s? + 23+ 4) s34+ 952+ 275+ 27

2) Hay xac dinh xem nhitng hé nao trong bai 1 14 hé pha cyc tiéu va tim cac ham
truyén dat pha cuc tién ing vdi nhitng hé khdng phai 1a pha cye tidu con lai.

3) Hay xac dinh qua trinh cudng bitc va qua trinh tu do ciia nhing hé théng duge méd
ta bdi cac md hinh trang thii sau. V& qui dao pha ctia qua trinh ty do va bién lnan
tinh 6n dinh ctia hé

a)~d—£=—71x+0u b)iz—=_3_2x+1u
dt \-1Z2 0, \1 dt 1 0, {0

0 dx 1 a e+ 0 u o dx (~a 1 4 b
dt \-a 0)° \1 dt \-1 a/° (1
4) Hay xac dinh qua trinh ty do va bién ludn tinh 8n dinh clia nhitng hé théng dude
md ta bdi cac mé hinh trang thai sau

dx _(a 1 0
B L

5) Hay xac dinh khoang thai gian xay ra qua trinh qua dé ctia nhiing hé théng ¢ ham
truyén dat cho trong bai 1, biét ring qua trinh qua dd s& k&t thic khi ham qua 46

&

a 1 0 0
=10 a 1jx+|0ju
0 0 a 1

h(¢) cia nd khong sai khdc qua 5% gia tri gidi han cudi cung he, = lim A(¢),
t—ron
6) Khong tim nghiém, hay chi ra ring tat c& nghiém cia da thitc sau déu cé phén thue
nhd hon 1
a) A(s)=s° +8s% + 225 + 20

b) A(s) =s" + 105> + 385 + 645 + 40

(o]
=t
-~



7) Sl dung tiéu chuidn Routh-Hurwitz ¢ kiém tra tinh 6n dinh hé théng c6 phuong
trinh dac tinh ’

a) A(s) =1,165% + 7,255° + 18,605 + 24,845" + 18,20s° + 6,695 + 1,08

b) Als) = 5s° + 47s" + 140,555 + 168,67s% + 82,635 + 13,8

0 Als) = 255" + 87,55" + 805> + 5,557 — 8,645 + 0,72

C6 bao nhién diém cyc s, cia hé théa mian 0 < Re(s,) <1 va —1 < Re(s,) < 0.

8) Si dung tiéu chuidn Michailov dé kiém tra tinh én dinh hé théng cé phuong trinh
dic tinh:

a) A)=s"+s1+20s°+10s>+645+9
b) Afs)=s" +s'+25s> + 55>+ 144s + 4
9) Cho hé kin ¢é ham truyén dat cia hé hd S(s)R(s) 1a

k b k(1 +Ts) o HsZts+) '
(1+THA+T7Ls) (1+255)(1 +0,25) s(T%s2 +1)

a)

trong d6 T >1 1a héng s6 cho trude. Hay s dung tiéu chufin Nyquist va nhiing hé
qua ciza n6 dé bién luan theo hé s6 khuéch dai k£ tinh én dinh hé kin. Xac dinh mién
gia tri 14n nhi't cho £ (phu thudc theo T) d€ hé kin én dinh.
10) Hay st dung tidu chudn Nyquist dé kiém tra tinh én dinh hé kin c6 ham truyén dat
1+6s

cua hé hala S(s)R(s) =m

11) Hay st dung tiéu chudn Nyquist dang biéu dé Bode d€ bién luan tinh dn dinh hé

‘ —k

1 +sT?

12) Hay phat biéu dinh 1y di Geschgorin d& xét tinh én dinh cho hé MIMO khéng lién
tuc. Bang mét vi dy cu thé, hay chi ré dinh 1y Geschorin chi 1a didu kién dui.

kin c6 ham truyén dat hé hd 1a S(s)R(s) =

18) Si dung dinh 1§ Geschgorin & chi ring hé phu thude tham s6’

d -3 a O 1
22-l 2 -3 o |x+{0]|u
dt

a+h 1 -4 1

chéc chdn 6n dinh néu |a|< 3 va |a+b|< 3.

1

14) Cho hé SISO c6 ham truyén dat G(s) = : .
s +a1s" T+ - rap_1s+a,

a) Chimng minh ring qua trinh ty do cha hé mé ta duge bing mé hinh trang thai:
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13)

16)

17)

0 1 o - 0 0 0

~b, 0 1 o 0 0

0 -b,, 0 0 0 0 |(x
dx . . . . .
.ﬁ:A;_: . 4 :

0 0 0 0 1 0 |[lx,

0 0 0 -« -by 0 -1

0 0 0 0 -by -b
trong dé

3 . Dy _D
b1=D1,b2=2‘5—,b3= 3 b=k 45, - n

Iy DDy Dy9Dy

a, 1 - 0

e 0

vaD;=det| %8 %2

dgj1 Qi3 - @4

b) Chiéng minh ring ma tran dudng chéo

n+l-i

Q@ =diag(g;) véi q;= []& ,i=L2, - ,n
k=1
xiic dinh duong khi va chi khi t4t ca cdc hé s6 5;, ¢ = 1,2, -+ ,n la duong.

¢) Chitg minh ring him V= .gTQ.g cod av _ ~2bx? . Tit d6 chi ra méi lién hé
dt 1*n

giia tiéu chufin Lyapunov va tiéu chuin Hurwitz.

Si dung tidu chudn Kharitonov dé kiém tra tinh Hurwitz chit cia cac da thuc sau:
a) A(s) = s'tags tass e sta,  véi 6says30, 20sa,<100, 20<a,<70, T<ay<16
b) Als) = ags tass +a,stag véi 0say<30, 30sa, <50, 20<a,<60, 10<a,<15
Cho da thiic c6 tham s6 thay d6i:

A(s,g)=agt+ a;s + a232 + - +a,s"
trong 46 a; < a; <a} , i=0,1, ... ,n. Goi K (s), Ky(s), Kq(s), K,(s) 12 cac da thirc
Kharitonov cia né. Chilng minh réng véi @ cé dinh, bao gid ta ciing tim dugc mét
chi s8' ge{1,2,3,4} va mot chi s6 ke{1,2,3,4} dé c6

K ) |<lAGw,) < | Ko
véimel @] € a; <a/, i=0,1, ... ,n.

Cho hé tuyén tinh cé vector x(f) gém n bién trang thai, m ta bi
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d ..
(—;—= Ax+Bu vl AER“",BGR"”,

trong d6 w(t) 14 vector cda r tin hidu ddu vao.

a) Gia s riing hé 1a didu khién duge. Goi x va x; 1a hai diém trang thai bat ky
trong khong gian trang thai, cing nhit ugy() la ﬁin hiéu dua hé tit diém trang
thai ban dau x; vé gdc toa d6 trong khoang thdi gian hitu han T,. Hay xac dinh
mét tin hidu diéu khién u,(t) dua hé tir diém trang thai ban diu x; vé géc toa
d6 va khoang thdi gian hitu han cAn thiét T'.

b} GoiSlamatran modalcha A, tidclaS=(a,,a,, ..., a,) viia, la vector riéng
bén phai uing vdi gia trj riéng 4, cla A. Chitng minh ring néu S khéng suy
bién (A 13 ma trin giéng dudng chéo) thi diéu kién cin va di d€ hé da cho diéu
khién duge la cic vector hang ing vdi cling mét gia tri riéng cia tich S7'B phai
déc 1ap tuyén tinh véi nhau.

18) Hay kidm tra tinh diéu khién duge va quan sat duge cia hé c6 mé hinh trang thai

sau.
4 (20 -0 0
a) f= 16 20 Olz+| 3 {z va y=00 3 -1)x
3 4 1 -1
5 (00 -2 0 1 Lo 1
b) d—f‘=10—43_¢+1 2z va l=[01 1)3_:
01 -3 -1 1

19) Hay xac dinh diéu kién cho tham s& a dé hé sau didu khién duge

1 4 0 01

dx _ a -1 Ofx+|1 Ofu
0 0 a 11
20) Cho hé c6 ham truyén dat G(s) =——-1—-—w-9— ,0<D<1,
14 2DTs + (Ts)* ’

. 5 « .
a) Giit T c8 dinh, hiy xac dinh D dé @ = [[r(t)- h,, ]’ d? ~» min, trong d6 A#) 1a
' 0

ham qua d6 ca hé va k= lim h(t).
t—om

b) Tai sao d6i v8i viée téi wtu @ -+ min thi tham s8 T 1ai khong cé ¥ nghia.
¢) Xac dinh d§ qua didu chinh AA =2 () ~ he .

d) Tinh cac gia tri T, T

max Y2 TS% .
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21) Xét hé héi tiép vdi mé hinh dang so 46 kh&i nhu & hinh 3.52. Bit ring hé hd o6
ham truyén dat

by +bys+ - +b,s"

Gh(s) =k , ’
apt+ a5+ - +a,s” ud) e y@®)
) ) 1 n i ] Gh(s) »
Chitng minh rang khi duge kich thich bdi tin hiéu 1(2) ¢ -
ddu vao, hé sé c6 sai léch tinh e, la Hinh 3.52: Cho bai tap 21,
- 1 Qg
exn = lim e(t) = = .
i {ow ) 1+G(0) ag +kb0

Ti d6 rit ra duge diéu kién cdn phai c6 nhu thé nio cha Gy(s) dé sai léch tinh e
ctia hé hdi tiep bing khéng,
22) Hay chi ring hé kin ¢6 ham truyén dat hé hd G, (s) = ie_” 38 6n dinh néu r < %
s

23) Xac dinh ¢6 tén tai hay khéng tham s3 a>0 dé€ ham qua 46 clia nhiing hé théng c6
ham truyén dat G(s) nhat sau khéng cé d6 qua diéu chinh:

1+ 03)2 "(1+0,58)(1+as) (1+s)(1+28)(1+3s)
—_— b 5 c) 5 5
(1+5)(1+0,8s) (1+0,758)(1 +a*s) (1+0,565)1 +a“s)(1+as)”
24) Cho hé mé ta béi .
0 1 0 © 0
dx c 0 1 0 0
—= + s ={1 10 10 O)x+
a0 o o 1 [Ffolr v r=( Jztu

-6 -k -11 -5 1
a) Xac dinh didu khién cho tham s& % dé ha 6n dinh.
b) Xac dinh diéu khién cho tham s& k dé hé diéu khién duge.
¢) Hé c6 quan sat dude hay khéng véi k = 40,
25) Hay xay dung duéng quy dao nghiém sd cho hé kin véi ham truyén dat hé hd cho
sau day. Dya vao dudng quf dao nghiém 56 d6, hay xac dinh hing s6 £ gidi han cho
tinh &n dinh cia hé kin!

a) k k(1+0,2s)

(L+58)(1+s) 6s(1+0,55)(1 +0,33s)

k(s +6) d) k
(s® +45+5)(s+3)(s+5) s(s + 20)(s® + 20s + 200)
k(s+17) f k

s? +6s+18 (1+0,58)(1 +1,32s +(0,335)%)
) (1+3s)(1+s) h) 27

(1 + ks)(1+25)(1 + 45) (1+0,58)(1 + 0,66ks +(0,33s)%)
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26) Che hé tuyén tinh véi tin hidu vao u(t) va tin higu ra y(¢). Chitng minh rang:

0 0 N G
PR, T b o], T el

27) Hiy xét tinh dn dinh, diéu khién duge, dat tdi dude va quan sit duge ciia hé c6 mé
hinh trang thai sau:

05 1 1 0

a) xp.; =] 0 1 2|xp+| 0 fup va yp,=( 0 0)z;
0 00 0,56
1/3 1 0 0

b) xp1={ 0 0 1|xp+|aju; va yp=(1 0 0)xg
0 01 1

28) Cho hé tuyén tinh SISO cé tin hiéu vao #(t) dang lién tuc-rdi rac
U(t)= up =ukT,;) khi AT, <t<ER+1)T,

va tin hiéu ra {y, } dang xung dugc mb ta boi him truyén dat

by +byz+ - +b, ;2"

Gz)=—

dg+a;z+ - +8, 12

n +d.
n +zn

Chiing minh réng né cfing sé dudc md ta bdi mé hinh trang thai chudn didu khién

nhu saw:
(0 1 0 0 0
0o 0 - 0 o | o
PP R T A A
0 0 0 1 0
-y —q —Gp1 —Gp-y 1
Yk =(50 by bn_s guu)&k + duy . v
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4 TONG HQP BO PIEU KHIEN

41 Bo diéu khién PID

Tén goi PID la chit viét tit cia ba thanh phin cd ban ¢6 trong bd diéu khién (hinh
4.1a): khusch dai ty 1& (P), tich phan (I) va vi phan (D). Ngudi ta vin thudng néi ring
PID 1a mét tap thé hoan hao bao gém ba tinh cach khac nhau:

- phuye ting va thye hién chinh xac nhiém vu ditge giao (ty 18);

— lam viéc va ¢6 tich luy kinh nghiém d& thyte hién t5t nhidém vu (tich phan);

— luén cé sang kién va phan {ing nhanh nhay véi sy thay di tinh huéng trong qua
trinh thye hién nhiém vu (vi phén).

a) b)

u(t) | p&ituong Y

e(t 1 w(t)
e(?) X L) "T_T’ PID Su khién
[! Up '

——

h . .
e(t) —>E}—> u(t) Hinh 4.1: Didu khién véi bé didu khién PID

B4 diéu khién PID dugc sit dung kha rong rai d€ diéu khién d5i tirgng SISO theo
nguyén 1¢ hdi tiép (hinh 4.1b). Ly do bo PID duge sit dung réng rii la tinh don gian cua
né ca vé cdu tric lan nguyén 1y 1lam vige. Bd PID ¢6 nhiém vy dua sai léch e(t) cha hé
théng vé 0 sao cho qua trinh qua d6 théa min ecac yéu ciu cd ban vé chat lugng:

— N&u sai léch e(?) cang 16n thi théng qua thanh phdn u,(2), tin higu didu chinh u(?)
cang lén (vai trd cla khuéch dai &,).

- Néu sai léch e(t) chira bang 0 thi théng qua thanh phdn u(¢), PID véin con tao tin
higu didu chinh (vai tré cda tich phan 7).

-~ Ne€u sy thay d&i clia sai 16ch e(¢) cang lén thi théng qua thinh phidn up(f), phan

ing thich hgp clla u(f) s& cang nhanh (vat trd cia vi phan Tp).



Bb diéu khién PID duge mé ta bing mé hinh vao-ra:

_ 1! de(t)
u@) =k, [e(t)+FIb[e(r)dr+TD < ]

trong d6 e(z) 1a tin hidu ddu vao, u(t) 1a tin hidu diu ra, k, duge goi 1a h¢ s khuéch dai,
T 1a hing sé tich phan va Tp 1a hing sé vi phan.

T mé hinh vao-ra trén ta c6 duge ham truyén dat cia bd diéu khién PID:

1
R(s) = kp(1+_7}_s+TDs]' | (4.1)

Chat lugng hé thong phu thuge vao cac tham s6 &, , T, Tp . Muén hé théng cé duge
chat lugng nhit mong muén thi phai phan tich d8i tugng réi trén co sd dé chon cac tham
s6 d6 cho phit hgp. Hién ¢6 kha nhiéu cac phudng phap xac dinh cic tham s8 k,,Tr, Tp
cho bd didu khién PID, song tién ich hon ca trong Ung dung vén la:

- Phudng phap st dung mé hinh x4p xi bic nhit cda dé tugng.
— Phuong phap thyc nghiém.
— Phuong phap xac dinh tham s theo téng T.

Moét didu cAn néi thém la khéng phai moi trudng hdp ta déu bi bat bude phai xac
dinh ca ba tham s6 &, , T; va Tp. Chéng han nhu khi ban thin d6i tuong da ¢6 thanh
phan tich phan thi trong bé diéu khién ta khéng cAn phai c6 thém khau tich phan méi
diét duge sai léch tinh, hay néi cich khac, khi dé ta chi cdn sit dung bd didu khién PD

R(s) = k(1 + Tps). (4.2a)
1 &G (T} = «). Hoic khi tin hidu trong hé théng thay d6i tudng d6i cham va ban than b
diéu khién khéng cAn phai cé6 phan ving that nhanh véi sy thay d6i clia sai 1éch e(?) thi ta
6 thé chi can st dung bd didu khién PI (Tp = 0) c6 ham truyén dat:

= L
R(s)= kp[n T]S] : (4.2b)

411 Sirdung md hinh x3p xi bac nhat cé tré cia d&i tugng
Phuong phap xac dinh tham s6 sit dung mé hinh x4p xi bac nhat c6 tré cho d6i
tugng dude trinh bay & day con cé tén 12 phuodng phap thit nhit cia Ziegler-Nichols. No
c6 nhiém vu xac dinh tham s6 k,, Ty, Tp cho b didu khién PID trén cd sd doi tugng cé
thé dude md ta x&p xi bdi ham truyén dat dang:
-Ls

S = 1+7Ts

(4.3)
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sao cho hé théng nhanh chéng vé ch& d6 xac 1ap va d6 qua diéu chinh AA . khéng vugt
qua mét gidi han cho phép, khodng 40% so vdi g = lim A(2): .

t—oa
Ahmax
A

o0

<0,4 (hinh 4.2). -

a) b)

w(t) _e(@®) PID u(t) ) ]y_(t_)_)

Hinh 4.2; Nhiém vu clia bd diéu khién PID.

L Abd

Ba tham s6 L (hiing s6 thoi gian trd), 2 (hé s6 khuéch dai) va T (hing s6 thoi gian
quén tinh) cia md hinh xap xi (4.3) ¢6 thé duge xac dinh gin ding tit d8 thi ham qua ¢o
h(t) chia d6i tugng. Néu dé6i tuong cé6 ham qua d6 dang nhut hinh 4.3a) mé ta thi tir dd thi
ham h(?) 46 ta doc ra duge ngay (xem lai myc 2.2.1, trang 102 va muc 2.2.9, trang 113);

a) L 1a khodng thai gian d4u ra k() chua ¢6 phan ¢ng ngay véi kich thich 1() tai

dau vao.

by % la gia tri gidi han ke = lim A(2).
t>wx

¢) GoiA la difm k&t thuc khoang thai gian tré, tic 1a diém trén tryc hoanh cé
hoanh d¢ bang L. Khi d6 T 1a khoang thdi gian cdn thiét sau L dé tiép tuyén
cua A(t)tai Adat dugc gid trik .

a) b}

¥

Hink 4.3; X4c dinh tham s8 cho md hinh x8p xi (4.3) chia d5i tugng.
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Trudng hgp ham qua dg A() khéng ¢6 dang 1y tudng nhw & hinh 4.3a), song ¢é dang
gAn gidng 1a hinh chit 8 cta khau quéan tinh bac 2 hodc bac 2 nhit hinh 4.3b) mé ta (xem
lai cdc mue 2.2.4, 2.2.5, trang 105 va 106), thi ba tham s8 &, L, T clia mé hinh (4.3) duge
xac dinh xap xi nhu sauw:

a) kla ga tri gidi han ke = lim A(Z) .
t—oa
b) Ké dudng tifp tnyén ciia A@?) tai diém udn ctia né. Khi dé L sé 1a hoanh do giao
diém cua tiép tuyén véi truc hoanh va 7' la khoang thdi gian cin thist dé dudng
ti€p tuyén di duge tu gia tri 0 81 duge gia tri k.

Nhu vy ta c6 thé thay 1a didu kidn dé ap dung duge phuong phap xap xi mé hinh
bac nhat c6 tré cia d6i tugng 1a ddi twgng da phai én dinh, khdng co dao dgng va it nhat
ham qua d6 cia né phai c6 daug hinh chit 8. Sau khi da c6 cic tham s8 cho mé hinh x4p
xi (4.3) clia déi tugng, Ziegler—Nichols dd d& nghi sl dung cic tham sd k,, T,, Tp sau
cho bj diéu khién: '

1) N&u chi str dung bd didu khién khuéch dai R(s) = ky, thi chon 2, :ITI:.'

_ 09T
kL

va T1=£L .

2) Né&u su dung bd P1 véi R(s)=k (1 + TL] thi chon k,= 3

IS

3) Né&u st dung PID c6 R(s)= £ (1 + Ts +TDs] thi chon & _kLIT Ty=2L,Tp=
I8

m|b<

Vi dy 1: Xét dé6i tugng 14 ddng co ¢6 ham qua dd cho trong hinh 4.4a). T ham qua dé dé
ta cé duge k=2, T=6 va L=0,5. Chon b diéu khién PID véi cac tham s§

kp—l—k"il_n ,  Ty=2L=1, TD=%=O,25
thi hé kin sé nhanh vé ché dé xac lap hon nhu hinh 4.4b) mé ta. (W)
a) b)
a 2@ 2 h@

2 I - 3
1,5 fs

1
0,5 -

2 6 10 14 18 2 4 6 8 10

Hinh 4.4: Minh hcachovidu 1.
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4.1.2 Xac dinh tham sd biing thuc nghiém

Phuang phap xac dinh tham s6 k,,, Ty, Tp cho b diéu khign PID theo phudng phap
thic nghiém trinh bay dudi day 6 tén la phudng phap thit hai clia Ziegler—-Nichols. Diéu
dic biét clia phuong phap nay la né khéng si dung mé hinh toan hoc cua déi tugng,
ngay ca mé hinh xAp xi gin ding (4.3).

Nguyén 1y cua phugng phap nhu sau;

4) Thay bé diéu khién PID trong hé kin ¢hinh 4.5a) bang bé khuéch dai. Sau dé ting
hé s6 khuéch dai téi gia tri téi han kﬂ; dé hé kin 6 ché d6 bién gidi én dinh, tic la
‘hi) c6 dang dao déng diéu hoa (hinh 4.5b). Xae dinh chu ky Ty, cta (jll() dgng.

5)  Xac dinh tham s8 cho bé diéu khién P, PT hay PID nhu sau:

a) Né&u sit dung bo didu khién khuéch dai R(s) = k, thi chon &, = % kyp -
b) Néu sit dung Pl vii R(s)=k, [1 " Tl"] thi chon k,=0.45 kyy, va Ty =0.85Ty, .
5

c) Chonk, =0,6 &y, , Ty =0.5 Ty, va T =0,12T, cho bg PID.

a) b) A R0
2 U AT T
N N
15 ! } X
ATy
wit) O, T|ul)) ositugng | ¥ T T SN T R
th ?} didu khidn i / b / '
0‘5 . 1 ’ i .
e | -
. i y A ¢
Hinh 4.5: Xac dinh hng s& khuéch dai tdi han 1.2 3 5 7 9
Vi du 2: Gia stt khi khuéch dai v6i hé s o A
k= 24,5 ta dat duge ché o téi han (dao | e 023 |
f , 25 i
déng) cho hé kin nhut hinh 4.5b). Tt dao ] N wor oS
déng dé ta doc ra dude thém Ty,=3.3. ' |
. H
Chou cac tham s8: ‘ 0.5 :
k, =146, Ty = 1.7 va T, =04 | : ; ¢t
cho bd difu khién PID, ta s& ¢6 hé kin véi 05 1 15 2 25
- X 4 46 ctia u6 & hinh
ih::)}“qng l}ih“ nhta.,nl qud dé cua o 1115 Hinh 4.6: Minh hoa cho vi du 2.
4.6 ben canh mb ta.
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Cing cin néi thém & diy la tham s6 bg diéu khién PID xic dinh theo phitang phap
thi hai niy cia Ziegler-Nichols cho ra duge mét chiat lugng hé kin tot hon vé mit 48
qua didu chinh so véi phuong phap thit nhat (xap xi mé hinh). Thye t&, phudng phap xac

dinli thue nghiém tham s6 PID dua ra duge mot hé kin cé dé qua diéu chinhAh . khéng

max

‘s o . R .Y e - . .
Vgt qua 25% so vdi A = lim A(), tic 1a — 23X < 0,25 nhu vi du 2 chi r.

l-»x

oL

Nhutdge diém ctia phueng phéap thit hai nay la chi ap dung duge cho nhitng déi titong
¢ duge ché dé bién gidi 6n dinh khi hiéu chinh hing s8 khuéch dai trong hé kin.

4.1.3 Phuong phap Chien-Hrones-Reswick

Vé mat nguyén ly, phudng phap Chien-lirones—Reswick gin giéug véi phitong
phap thi nhat cla Ziegler-Nichols, song 16 khéng sit dung ma hinh tham sé (4.3) gAn
ding dang quan tinh bie nhat ¢é tré cho déi titgng ma thay vao d6 1a truc t16p dang ham
qua dé A(t) cua d61 tugng.

Phuong phap Chien-Hrones-Reswick ciing phai cé gia thist rdng déi tugng la én
dinh, ham qua dé khéng dao dong va cé dang hinh chit S (hinh 4.7). Tuy nhién phuong
phap nay thich {mg vdi nhiing dé titgng bdc rat cao nhit quan tinh bae n (xem lai muc
2.2.5, trang 106):

k

S(s) -_—
1+sT"

cu thé la nhimg d6i tugng véi ham qua dé A() thoa man:

by, (4.4)
a

trong dé @ 1a hoanh db giao diém tidp tuyén cha k() tai diém uén U véi truc thol gian va

6 1a khoang thoi gian can thiét dé tiép tuyén dé di duge tit O téi gia tri k= lim A(2) .

i

Hinh 4.7- HAm qua d9 ddi twang thich hop cho
phuong phap Chien—Hrones-Reswick.

Tir dang ham qua dé A() dai tugng véi hai tham sé e, & thoa min, Chien-Hrones—
Reswick da dua bén cach xac dinh tham s8 bé didu khién cho bén yén cau chat lugng
khac nhau nhu sau:
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1) Yéu cau tdi uu Lheo nhidu (giam dnh hudug nhidu) va hé kin khong cé 46 qua diéu

chinh:
P o _ 36
a) Bo dieu khién P: Chon & = .
TR IQak

b) B diéu khién PI: Chon k, = 65 va Ty =4a.
TP 10ak
o) B¢ diéu khién PID: Chon k, = ot , 7, = 120 o5 2@
7 20ak 50

Y&u cdu tol wu theo nhidu (giam anh hudng nhiéu) va hé kin c6 dd qua diéu chiuh

2)
Al khong vitgt qua 20% so vil g = In h(t)
i ru-
a) Db diéu khiéu P: Chon k, = ——o— .
P 10ak
s s b 23a
b} B§ didu khién PL: Chon b, =—— va Ty="——.
) Bodid % e 1T 10
o B diéu khién PID: Chon k, = 56; , Ty = 2a va Ty =%102 ‘
3)  Yau cAu t8i un theo tin hidu dit trude (giam sai léch bam) va hé kin khéng co dd
qua diéu chinh Ak,
. e A ) ) _ 3b
a) Bég dieu khién P: Chon &, = .
£ 10ak
b) Bé diéu khién PI: Chon b, =—— va 7,=52.
£ 20ak 5
¢) B6 didu khidu PID: Chou % =8 s, Tr=bvaTy =2,
' TP sak 2
4)  Yéu cau téi vu theo tin hidu dat trude (gidm sai léch bam) va hé kin cé dé qua didu

chinh Ah ;. khéng viigt qud 20% so vl he = lim A(t):
[ 3=]

a) Bé diéu khiéu P: Chon k= 1gbk .
a

b) B& diéu khién PI: Chon k), =86 va Ty =b.
Hak

& Bo diéu khién PID: Chon b, =000, T =202 va Tp =208
.

Vi du 3: Gia su ta c6 déi tugng vl haim qua déd cho trong hinh 4.8a). Tt dang ham qua dé
dé cua d81 tugng ta doc ra duge:
b =4.3.

k=2, a=1 vi
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a) b)

Y.

Hinh 4.8; Minh hoa cho vidu 3

Cac tham s6 d6 cia mé hinh théa man diéu kién (4.4) vi b_ 4.3 > 3. Do dé ta ap
a

dung duge phuong phap Chien—Hrones—Reswick. Chon bd dién khién PID va cac tham
s§ t51 wu theo tin hiéu dat trudc dé hé kin cé d¢ qua didu chinh Ak, cho phép khéong

vigt qua 20% so voi hgy = lim k(8):
t—ox

196 27b 47a
ko= =2.0245, T, =22 5805 va Tp=—t%_ga7
P = g0ah 20248 T= 5 =0 va 1070

ta thu dige hé kiu cd chat higng duge phan anh qua ham qua dé cliia né 1a k(t) cho ¢ hinh
4.8b). a

414 Phudng phap téng T cla Kuhn

Lai xét 45 tugng n dinh, khéng ¢6 46 qua didu chinh, ham qua dé A(¢) ciia noé di ti
diém 0 va 6 dang hinh chit S. Theo ndi dung muc 3.5.2, trang 244, thi déi tugng cé thé
duge mo ta mét cach tong quat bdi ham truyén dat

(1+Tts)(1+T.ts) (1+Tt s _
Sts) =k 1 2 mS) e sT
Q=T+ T;‘s) o L+ THs)

(m<n) (4.5)

trong 46 cac hiing s6 thai gian ¢ ti 58 Tir phai nhé hon hing s& théi gian tuong dng vii
nd & mnAu s T;". N6i cach khac, néu nhu da cé sy sdp x&p:
t t t 3 m m m
T 2T22 <o 2Ty, va nr2T) 2 - 2Ty
thi phai c6

t b4 t
ThT,  T<TP, Th<TE.



Chut ¥ la cac chi¥ cii ¢ va m trong T:’ . TJ’T" khéng cé ¥ nghia lay thita ma chi la ky

hiéu néi ring né thude vé da thide tit s6 hay min s trong ham truyén dat S(s).

hity

Hinh 4.9Quan hé gilra dién tich 4 vat8ng
cée hding s4 thai gian.

Goi A la dién tich bao bai dudng cong A(®) va k= lim A(¢}. Vay thi:

t-rx
Binh ly 4.1: Giita dién tich A va cac hang s6 thoi gian Tit . T}" ., T co6 quan hé:
A=kTy=k( Z T - E’r‘ +T).

J=1 =1
T..

Chung minh:
Theo khai niém vé dién tich A thi

A= T[k — ()}t .
U

Chuyén hai v& dang thitc trén sang mién phitc nhé toan tit Laplace, dac biét la tinh chat
6) cda no (xem lai muc 1.3.1, trang 10) va goi A(s) 12 anh Laplace ciua A, H(s) 1a anh cia
h(2), ta cb:

A@) = = ]:E—H(s)]

Vi A li hiing 86 nén né cé gidgi han A= hm A . Do d6 néu ap dung dinh Iy vé gidi han

l—»®

thit nh#t ctia toan ti Laplace (tinh chat 9), trang 10) sé di dén:

A = lim [E—H(s)] - lim #2568
S

s—0 &5—0 s

=% lim (1+T"s)L+TS"s) -+ (1+T"‘s)—(1+Tfs)(1+Tq‘s) e L+ T 8)e T
50 s(t+TY'sy1 +7T3"s) --- 1+ T)'s) '

-sT
“h h“é[""‘m PIE e eI T s T R
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Suy ra

n m Il m
_ ne t — .. 2 _— m 3
A_k(}:_]Tj ~.ZITI. +T)=kTy véi TE~Z.]TJ. _E]Tin“. m]
]= 1= J= 1=

Vi du 4: Xét hé hdi ti€p cho trong hinh 4.10 kich thich bdi w(t)=1() va cé

Risy= 20439 g o 0,5 _
$ 2452 1235+ 9

w(t) e (1)
. . aT—.—M‘) S l—
Ham truyén dat cua hé kin sé la __ ® 7
1+3s

Gis) =

(1+5)(1+28)(1+5s) Hinh 4.10: Minh hoa vi dy 4.
Do G(s) ¢o

k=1, Tf=3, 1"=5, T{=2 wva T{=1

thoa man diéu kién 7" > T} nén ta ép dung duge dinh 1y 4.1 dé xac dinh sai léch

Te(t)dt =T[w(t)—y(t)}dt = T[k-h(t)]d:zA= (5+2+1)~3 =5, =
0 0 0

Dinh 1y 4.1 chi rang 7y c6 thé d& dang duge xac dinh tir ham qua dé A() daug hinh
chit S va di tr 0 ciia d81 tatgng 61 dinh. khong dao dong, bang cach wde wgng dién tich A

cing nhu hé s& khuéch dai k£ = lim Aft) véi tinh Ty :i;:_. .
t—o

Trén cd s¢ gia tri &, Ty da c6 caa déi tuong, Kuhn da dé ra plutang phap tong T xac
dinh tham s6 &, T;, Tp cho b diéu khién PID sac cho hé hdi tiép ¢6 qua trinh dé qua

d4 ngan hon va dd qua didu chinh Ah.. khong viugt qua 26%. Phuong phap nay cta
Knhn kha thich tng véi nhimg d6i tugnug ¢6 thé xap x duge bdi ham truyén dat dang
khau quan tinh bic n: '

S =_ £ (1.6)
(1+sT)"

Mic di dude xay dung cho d6i tugng dude gia thist 1a c6 mé hinh ham truyén dat
dang (4.6) song, trong thuc t& phitong phap tdng T van dude ap dung hiéu qua cho ca
nhitng d6i tigng ¢é ham truyén khéng gisng nhu (4.6), mién la né 6n dinh, khéng c6 dao
déng, ham quéi d6 A() cta n6 di tit O va c6 dang hinh chit S. Phuong phap téng T cta
Kuhn bao gém hai bitge nhut sau: '

1) Xacdinh k, Ty, co thé tit ham truyén dat S(s) cho trong (4.5) nén nhu da hiét trudc
S(s) hoac bang thye nghiém Lt ham qua dé k() di tir 0 va c6 dang hinh c¢ht S cia
déi Lugng.
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2} Xac dinh tham sé:

a) Neéu sir dung bd didu khién PI: Chon ky, =-2-172- va Ty = g—;: )

= 223 va Tp=0,167Ty;.

b) Néu sit dung bd didu khién PID: Chon ky=<, Ty

EOR ]

Vi du 5: Cho déi titgng ¢6 ham truyén dat

S(s) = 2
(1+28)1+3s)1+5s)

vil k=2 wva Ty=10.

St dung bs didu khién PI vii cac tham s8 duge xde dinh theo phuong phap téng T
cua Kuhn:

1 =
k;)=%:0,20, Tl=

o ‘lh}

ta sé duge hé kin véi chit luong duge phan anh théng qua ham qua d9 cta ne cho trong
hinh 4.11a). Tir ham qua d6 d6 ta cing nhan thay ta dé qua didu chinh cua hé nhd hon
25% nhu yéu cdu (hé c6 Ah_ = 0,04).

max

Néu sit dung b didu khién PID véi cic tham s3 cung dude xac dinh theo phuang
phap téng T cua Kuhn- :

1 - 2T\ - ry —
kp=§k:=0,20, TI: 3‘ 26,61 , TD —_'0.167[‘):— 1,67
thi hé kin lai ¢6 chat liugng thé hién qua ham quéa Jb clia né cho trong hinh 4.11b). Liic
nay hé c6 dé qua diéu chinh Ak, = 0,23. o
a) b)
N0 NG

t

i

5 10 15 20 25 30 5 10 15 20 25 30 35 40

Hinh 4.11: Minh hoachovidu 5

Vi du 5 cho thady khéng phai trong moi trudng hgp bo dién khién PID s& mang lai
mét chit lugng t6t hon bd diéu khién PI. Nhan xét nay ta sé cén thay ro hon ¢ déi tugng
véi ham truyén dat
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k

S(s) = ———
{(1+sT)"

(4.7a)

12 bé diéu khién PI ¢6 tham s6 dude xac dinh theo phudng phap téng T tham chi cén
mang dén cho hé kin dé qua diéu chinh nhé hoan 5%,

Bé diéu khién PI ¢6 ham truyvén dat

_ k,(1+Tys) _(2+Txs)

R(s 4.7b
® Tys 2kTys ( )
do dé ham truyén dat ctia hé kin gém d6i tugng (4.7a), bd didu khién (4.7b) sé 1a
2 : ‘
Gts) = _SEIRE) e v D =L =L », iz A
1+S8(s)R(s) s +2Dw,s +w; J2 2 Ty
Theo kél qua cua vi dy 4, thude chudng 3 (nuc 3.1.3, trang 181) ta cé
D
gl
Ahpae=e Y107 =¢"=4382% (d6 qua didu chinh)

TS%zDS =3T3y  (thdi gian qud do).
[4

Un

4.2 B& didu khién t3i uu dé 16n
4.21 Nguyén ly t8i uu dd I8n

Mgt trong nhilng véu cdu chat lugig d6i véi hé théng didu khién kin (hinh 4.10) mé
ta boi ham truyén dat G(s)
Gs) = S(s)E(s)
1+ S(s)R(s)
12 hé théng ludn cé duge dap tng y(2) giéng nhu tin hidu lénh duge dua 6 ddu vao w(t) tai
moi diém tdn s& hodc it ra thoi gian qua dé dé () bam duge vao w(?) cang ngau cang tot.
Néi cach khac, bs didu khién Iy tuéng R(s) can phii mang dén cho hé théng kha nang

|G(}'m)| =1 wvéi moiw. (4.8a)

Hinh 4.12: DAitAn s6 ma d dé b
| Gtjan | =1 cang tan cang iat.
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Nhung trong thuce té, vi nhidu ly do ma yéu ciu R(s) théa man (4.8a) khé dude dap
img, ching han nhit vi hé théng thyc luén chda trong né ban chat quan tinh, tinh "cudng
lai 1énh" tic dong tir ngoai vao. Song "tinh x&u" d6 cia hé théng lai duge gidm bt mdt
cach tu nhién & ch& dé lam viée ¢6 tin s6 16n, nén ngudi ta thugng da thoa man véi bd
diéu khién R(s) khi né mang lai dudc cho hé théng tinh chat (4.8a) trong mot dai tin s&
rong lin cian 0.

Bb didu khién R(s) thoa man:

|Gy | =1 (4.8b)
trong dai tin sé thap cé do rong lan duge goi 1a b6 didu khién t6i wu d¢ Ion. Hinh 4.12 1a
vi du minh hoa cho nguyén tic didu khién tdi vu dé 16n. B didu khién R(s) cin phai
duge chon sao cho mién tin sé ciia biéu dé Bode ham truyén hé kin G(s) thda man

L(w) = 201g | G(j@) | = 0
14 1én nhat. DAi tdn s6 nay cang lén, chét lugng hé kin theo nghia (4.8b) cang cao.

Mét diéu cin néi thém la tén goi ¢61 wu dé ldn duge dimg 6 day khéng mang ¥ nghia
chat ché vé& mat toan hoc cho mét bai toan t8i 1y, tie la & ddy khang ¢6 phiém ham danh
gia chdt lugng nao duge st dung do dé cing khong xac dinh cu thé la véi bé didu khién
R(s} phiéin ham dé cé gia tri lén nhat hay khong. Thuin tdy, tén goi nay chi mang tinh
chat dinh tinh chi ring dai tin s6 @ ma 6 d6 G(s) thda man (4.8b) cang rong cang tét.

Vidu 6: Cho hé kin ca sd d¢6 khai cho trong hinh 4.13. Hé kin ¢é ham truyén dat

k T,
Gls) =t trong d6 Tp=—L .
s) Trs(1+Ts)+k rong o k,
a) b)
?L(w)
wi) e [p, k| Y0 N R
— 5‘;; 1+Ts "
Bldou Do = |11 WAL
knién  diéu khién 40 =TT T T T
O 1y O Y TV
LT TR 7T 1 i lll o
Hiﬂh‘.'fa: Minhhqavidu 5 I ENETE] I N ] Ll >
Suy ra
. k
|Gy |= ,
Jth - TrTw?)? + (wTp)?
B

<
o |GGe)|*=— =
. k% 4 (TE - 2kTgT)w® + TET 0?
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DE diéu kién (4.8b) duge thoa man trong mdt dai tdn s8 thap c6 db rong n, tit

nhién ngudi ta chi cé thé chon T sao cho

TZ-2kTRT=0 <« Ty =Zi= 2kT, (4.9)
P
Khi d6 ham truyén hé kin c6 dang
k u;“i
G(S) = ¢ = 9 : P
2kTs(1+Ts)+k 5% 4+ 2Dw, s+ 0]
trong d6 @, = 1 va p=-L  Biéu dé Bode ctra né duge cho trong hinh 4.13h). 0

Jer J2

422 Thiét k& bd diéu khién
Két qua vi du 6 goi ¥ cho ta chon ba didu khién I

k
R(S) -_P
T[S
trong dé &, va Ty duge chon theo (4.9}, khi ma ddn twgng 6 thé md ta duge bai
k
1+Ts '
Néi cach khac, né chi rang ta nén chon bé didu khién R(s) sao cho hé hd ¢6 ham truyén

S(s) =

(4.10)

Gy (s) = S(s)R(s) hok
h Tys(1+Ts)
Vin dé cin ban & day 1a sé phdi lam gi, néu nhu da tiwgng khéng mé ta duge gian
dung nhu (4.10), chdng han nh ta sé phai lam gi khi mé hinh ham truyén dat clia dai
tugug lai cé dang:

k

Ss) = .
Q+Ts)Q+Tys) - L+T,8)

(4.11a)

Tat nhién cdu tra 13i don gian la tim cach chuyén (4.11a) vé dang xap xi gidng nh (4.10)
hoac chi it thi efing vé dang:

k kp(l+T]S)
SE)=—r———— = Ris) =—r—— (4.11b)
(L+Ts)1+Ts) T;s
hoic vé& dang:
k B (1+Tys)X1+Tys)
S(s) = R(s) =~ : 4.11
® (1+ T1s)(1 + Tus)(1 + Ts) = (S? VT ¢ ©

X@p xi (4.11a) bang 4.10)

Phuong phip xap xi mé hinh (4.11a) bing (4.10) con dwge goi la phuong phdp tong
cdc hing s6 thdi gian nhé. No duge sit dung chd y&u cho edec ham trnyén S(s) c6 dang
(4.11a) véi:
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T, Ty, ....T,
tugng 461 nha.
S dung céng thite khai trién Vieta cho da thie mau sb trong (4.11a) =@ ¢é
k

S(S)= i) :
1+(Ty + Ty + - + T s+ (MTy + T\ Ty+ -+ )™+ -+

O nhing diém tan sé thap, tuc 1a khi s nhé ta co thé bd qua nhiing thanh phén bac cao
cua s va dude comg thite Xap xi (4.10) véi

n
T= ZTI\‘ .
foee |

Do dé, vai két qua vi du 6, bs diéu khidn t8i wu d6 ldn sé 1a bd diéu khién I ¢é tham sé
xac dinh theo (4.9):

n
Rs)=—1 va T,=2kT=2k ST,. (1.12)
Tys k=1
Vidu 7: Gia st d61 tugng diéu khién c6 dang
’ : 4 M)
S(s) =———2—-, 15 :

(1+0.1s)" /'\ ‘_
Viy thi 1"""'/ ‘"\ ,

k=2 wva T=0,8. 0.5

i

: j
Do d6 bd didu khién 7 dude st dung sé co T EN b Sy
T,=2.4 - R(s):El—' 2 4 6 8 10 12 14 16 18
As

H

Heé kin c¢6 ham qua dé cho ¢ hinh 4.14. O Hinh 4.14: Minh hea cho vidy 7.

Phuong phap b héing 6 thai gian I6n nhdt nha PI
Néu nhu d81 tuong véi ham truyén (4.11a) khong théa min diéu kién tit ca eac
hang s6 thai gian T, . Ty . ... . T,, déu twdng déi nhé, song trong dé chi ¢6 mot hing s&
thai gian, chiang han nhu T 13 1dn nhat, con lai cac hang s6 khac Ty, Ty, ... , T, 1a nhd
thi tuong ty nhut trén, ta s& xap xi hinn truyén (4.11a) cta né thanh {4.11b):
B n

SE)=———————— g T=)T, 2 T >T
®) (1+Tys)1+Ts) v ,Ez k v !

D& didu khién, ta si dung bd dién khién Pl thay vi T

ky(L+Tys) _ (14 Tys)
Tys Tgrs

= 1=
Rs) =k, (1+ T,s)
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trong dé T =%’— , hhim muc dich ba cho T, theo nghia

i
T=T,. (4.13a)
Suy ra
n
TR=%'=2kT=2k T = kpz——?ﬁ. (4.13b)
4 k=2 2k Y T,
k=2

Vidy 8: Gia sit déi tugng didu khién c6 dang

Sg)=— 3 LhO
(1+2s3(1+0,18)” Lo

Vay thi N e
k=3, T,=2 va T=05. / e
Chon cac tham s6 theo (4.13) o

TI=2 vil p=0‘67‘ : g N -J:t
12 3 4 5 6 8 9 10

cho b$ diéu khién dudc st dung 1a PI
1 Hinh 4.15: Minh hoa cho vidu 8
R(s)=0.67(1+—),
2s
ta s& dutge cha't lugng hé kin mé ta béi ham qua 46 cua né 4 hinh 4.15. 0

Phuong phép bl hai hang s& thdl gian 16n nhd PID
Néu ddi tugng voi md hink ham truvén dat S(s) cho trong (4.11a)} ¢o hai hang sé 16n
vuot txéi la T, T, so v6i nhitng hing s8 thdi gian T, T, ... . T}, cdn lai thi ta sé xAp
x1 8(s) bang ham truyén dat dang (4.11¢)
k

n
S = t d' T: T S T , T‘ - T
N (L+ Tys)1+ Tys)1+Ts) rone & kgs LA R

Dé bit hai hang s6 thoi gian T, , 7', 1dn vugt trdi nay ta sit dung b diéu khién PID:

k. (+T 1+7T
R(s)=% (1+L+TD.9)= p( "48)(1+ BS)___(1+TAS)(1+TBs),
g T"S T."'g TRS
trong do
T n
TR:?‘L:%T:% 2Th, Ta+Tp=T, va  TaTp=TiTp
P k=3 )
bang ciach chon

Ty=T, Tp=T,
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Suy ra

Ty=T\+T, , Tp=-DTt k= N+ Ty (4.14)
. T'I. + T2 . 7t
25T,
k=3
Vi du 9: Gia sit d6i tugng didu khién c6 dang
4 r'y h(t)
Sts) = T 1.5 _ T
(1+568)1+2s)(1+018)" S .

Vay thi N

k=4, T\=5, T,=2, T=04. , f I

. 0,5
Chon cac tham s8 theo (4.14) ‘
¥ B - [4
T, =17 =1,4 a k,=22. - - - >
”?Dl’3vap 1 2 3 4 5 6 7 8
cho bé didu khién duge st dyung 1a PID
1 Hinh 4.16: Minh hoa cho vi du 9.
R(s) = 2,2(1+—— +1,43s),
s

ta sé duge chat hegug hé kin mé ta bai ham qua db ciia né ¢ hinh 4.16. )

423 Tong két

N&i dung ctia muc 4.2.2 duge tong két lai nhu sau cho tién viée tra cin khi phai
thigt k& bo didu khién t61 wu &6 1én:

1) N&u déi tugng c6 ham truyén dat (4.11a) véi tit ca cac hing s théigian Ty, Ty, ...
, T, déu du nhé thi ta chon b didu khién I ¢6 tham s6 duge xac dinh theo (4.12).
2) N&u ham truyén dat S(s) cho trong (4.11a) cia dé1 tugng cé mot hang sd thai gian

T, 16n vugt tri, con lai cic hang s§ khac Ty, Ty, ... , T, 1a dli nho thi ta chon bg
diéu khién PI véi cac tham s6 ditge xac dinh theo (4.13).

3) Néu S(s) cho trong (4.11a) caa déi tugng cé hai hing s théi gian T, , Ty 161 vugt

tréi, con lai cac hang sé khac T3, Ty, ... . T, 1a di nho thi ta chon b diéu khién
PID véi cac tham sé ditge xac dinh theo (4.14).

4.3 Bb didu khién t5i wu déi ximg
4.3.1 Nguyén ly t&i uu ddi xung

Ta c6 thé thay la uhiing phudng phap xic dinh tham s8 cho bd diéu khién PID ¢
muc 4.1 cang uhu thiét k& bd diéu khién téi uu d6 lén & muc 4.2 déu phai cé gid thidt
ring d6i tugng véi ham truyén dat S(s) 1a 6n dinh, ham qua do A() cia né phai di w0
va c6 dang hinh chi S.
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Nhut vay, muén ap dung cac phudng phap dé cho nhitng 461 tugng khang thoa mian
gid thidt trén, bat bude khi thiét k& bd diéu khién, ta phai lam sac can thiép dude sd bd
tride vao déi tirgng dé dua 481 tugng khang én dinh thanh 6n dinh, ¢6 ham qua dé khaong
di tir 0 thanh ra di tir 0 va khidng c¢6 dang hinh chit § thanh ¢6 dang hinh chit 8. Dé
tranh tat ca nhitug cong viée rutin rad d6 ugudi ta da dva ra phuong phap thiét ké bo
didu khién t6i vu déi ximg ma § d6 khéng phai thue hign cac bitde trung gian trén nhimg
vin mang lai cho hé kin mat chat lugng gin gidng nhu d phudng phap téi vu 46 lan.

o) b)

J\th.(m) 1

wit) e n ¥y -h:_.”:i
— Gy (s) >

%
B
Hinh 4.17: Minh hoa nguyén Iy didu khién ul @y

/.

161 uu déi x(mg thong qua bidu do
Bode ham truy&n dat hé hd Gy (s).

\Y

Xét hé kin cho troug hinh 4.17a), trong dé G (s) 1a ham truyén dat cia hé hd, tie 1a

Gy (s) = S8)R(s) ‘
vdi S¢s) 1a mé hinh ham truyén dat cia déi tugng va R(s) 1a ctia bd diéu khién. Khi d6 hé

kin s& c6 ham truyén dat

Gh (q) o Gh(g) — G(S) (415)

Gis) = .
G 1-G(s)

Nhu vay, dé c6
|Glw)| ~1 : (4.16b)

trong dai tdn s6 thap gidng phu & phiwong phap t61 wu 46 1dn, thi phai cé

|Gh(jtu)| >> ] khi o tudng d6i nhé. (1.16b)

Hinh 4.17b) minh hoa bigu dé Bode vdi Ly(w) va ¢,(@) cia ham truyén dat hé hé.

Dai tAn s6 @ trong biénu db Bode duge chia ra lam ba vung:
1) Ving 1 la ving tén 6 thdp. Didu kién (4.16) dugc thé hiéu rd nét & vung I 1a ham
dac tinh tin hé hd Gy{jw) phai 6 bién dd rat 1on, hay Ly(@) >> 0. Ving nay dai dién

cho chat lugng hié théng ¢ ché dd xac lap hodc tinh (tan s& nho). Sy dnh hwdug cia
né téi tinh ddng hoc ctia hé kin la co thé bé qua.
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2)  Ving Il la vitng tdn sé6 trung binh va cao. Ving nay mang théng tin dac trung clia
tinh déng hoc hé kin. Sy Anh hudng clia viing nay tdi tinh chat hé kin & dai tAn s§
thap {tinh) hodc rit cao 12 6 thé bd qua. Vimg IT duge dic trung boi diém tdn s cit

Lj(w)=0 hay 'Gh(jm,_.) |=1. Mong muén rang hé kin khéng c6 ciu tric phic tap nén

ham dac tinh tin hé hé Gy (jw) cling durge gia thiét chi c6 mot tin s6 cat aw, .

Theo ngi dung mue 2.1.6, trang 88, ditdng La(w,) sé thay d6i d¢ nghiéng mot gia tri
20db/dec tai diém tin s6 ghy w; cia da thic tit s6 va -20db/dec tai diém tin s§ gay
wp cua da thuc miu s6. Néu khoing cach do nghiéng du dai thi dudng g (w) 8
thay doi mét gia tri la 90° tai wp va ~90" taimwp. Ngoai ra, trén cu sd dinh ly 3.22,
trang 208, muc 3.27 clia chudng 3, hé kin sé n dinh néu nhu tai tin s8 cat dé hé ha
c6 gbc pha @y(w,) 1611 han - . Béi vay, tinh én dinh hé kin sé duge dam bao néu nhu
trong ving 1 di cé |Gh(j(u) 1>>1 va § ving II 1y, xung quanh diém tdn sé cit, bidu
dé Bode Lj(w) c6 d9 déc 1a —~20dB/dec ciing nhu khodng cich do déc dé Ta di 16n.

3) Vieng 111 la ving tdn sé'rat cao. Ving nay mang it, ¢6 thé bé qua dirge, nhimg théng
tin vé chat htgng ky thuat cita hé théug. D& hé khéng khong bi auh hudng bei nhién
tAn s& rat cao, titc 13 khi & tan sd rit cao G(s) can c6 bién dé rat nhé, thi trong vang

udty ham Gx(jw) nén c6 gia tri tién dén 0.
Ta c6 thé thay dide rang ham truyén dat

kh (1+ T"‘)

Gh(s) = e
(T)s8)*(1+sTy)
¢6 cau tric don gian song dap dng duge cac yéu cau 1éu trén ciia ca ba ving tin s8. Ham
truyén dat Gp(s) nay tuong dng véi ham truyén dat hé hd cia hé kin 6 bo diéu khién Pl
1 k,{(1+Tys)
Rsy=%k 1+ —— )= A
( ) p( T[S ) T[S

va ddi tugng tich phin—quan tinh bic nhat IT, (muc 2.2.2, trang 103)

_ k
SO = s Tos) ' |
tace la
k k(14T
Gh(s) = S(5)R(s) = _'?_.H{()-'-—Is) 4.17)
TyTs™(1+ Tys)

R rang la trong viimg I, ham Gy (s) theo (4.17) thoa man (4.16b), DE § vang 11, bidu
dé bién d6 Bode clia G(s) cho trong (4.17) ¢6 do nghiéng ~20dB/dec xung quanh diém tin

88 cat e, thi phai cé
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Wy :T}_Ic Y, :TL - TI > Tx (4183)

¥
vai  |Gpiep| >1Glw) =1 > |Gl wy) . (4.18b)
Tir mé hinh (4.17) ciia hé hd, ta cé goc pha
op(w) = argGp(jw) = arctan(wT)) - arcta(eTz) - 7
Nham nang cao do dy trit én dinh cho hé kin, cac tham s& bd diéu khién cAn phai duge

chon sao cho tai tdn s cat @, géc pha gy, (w,) 1a 161 nhat. Pidu nay din dén:

Ao () _ g 7 L4 S
= ) - 2 -
dw 1+ (w0 Ty) 1+ (. Ty)
R o gl = B@D eles) (4.19)
TiTy 2

K&t qua (4.19) nay néi rang trong biéu dd Bode, diém tdn s6 cit w, cin phai ndm giaa
hai diém tdn s6 gy w; va wy, (hinh 4.17b). D6 ciing 12 1y do tai sao phuong phap cé tén
1a dot xtng.

Goi khoang cach gilta w; v wy, do trong hé truc toa d6 biéu d Bode la a, ta c6

T, .
lga=lgwy-1 =1 ==L 4,20
ga=lgwy-lgw; gT: = a T, ( )

Nhut vay. ré rang sé ¢6 (4.18a) néucéa>1.

Thay e, cho trong (4.19) vao (4.18b), ta sé c6 vé1 (4.17) va (4.20)
k k\}1+(T w )2
|Gy | =1 = £ . r7c = =1
T[T(UC--JI +(T2(dc)-
T

P pra
Néi cach khac néu da cé a>1 va (4.21) thi ciing 6 (4.18b).

< k

(4.21)

Khoang cich e gitta @; va wy, cdn la mot dai hitgng dic trung cho 49 qua diéu chinh

Ah_ .. cua hé kin n&u hé c6 dao déng. Cu thé 1a @ cang lén, dé qua diéu chinh Ak ,, cang

nho. D18u nay ta thay duge nhu sau.
Trong ving 11, ham truyén dat hé hd Gy (s) duge thay thé gan ding bing (kiém tra
lai nh¢ bidu d6 Bode):
1

- 1 .
G e & Tr=—,
n($) Tos(l +Tss) vol ¢ we

Khi dé hé kin sé c6 ham truyén dat
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5;, (s) 1 W

G(S_) = 4 = - = 7 5
1+Gp(s) 1+Tps+TeTes™  s” +2Dwps+wy
. 1 To
vdi Wy = ————= va 20 =
" JTeTs Ty
_ lga . . oy amr .
= 1g2D = (lch - 1gTy) = o (vi tinh chit ddi ximg cua @, )
Ja .
= D:T<l néu 4 >a>1.

Vay trong ving II, ham qua d6 hé kin ¢6 dang daoc déug tat dan khi 4 >a>1. Theo
ndi dung mue 3.1.3, trang 181, dé qua diéu chinh cliia ham qua dé hé kin sé la

D
T 2
AL = Ji1-p2 - a= 4In~ (Ahy, ) (4.22)

max — R 9 :
77 +1In" (Al )

Caug thite (4.22) xac nhan didu khang dinh la Ak, nghich bién véi a. Ngoai ra né con
chi rding Ak, chi phu thuge vio a do dé sé duge st dung dé xac dinh a tit yéu cdu chat

litgng hé kin v& Ak

max-

Tém lai, néu ddi tugng 1a khau tich phan-quan tinh bac nh4t (trong viing II)
k.

Ts(1+ Tys)

thi bd diéu khién t8i 1w d6i xing sé la bo diéu khién PI

S(s) =

1
R(s)=k, (1+—
(s) =k, ( Tys )
vdi cace thant s6 xac dinh nhu saw:

1) Xic dinh 4 >a>1 tir d6 qua didu chinh Ak, cdn 6 cia hé kin ¢6 dao déng theo
(4.22), hoac chon a>1 tir yéu ciu chat Iugng dé ra. Gia tri @ duge chon cang 1én, dé
qud diéu chinh cang nhé. Pé hé kin khéng c6 dao déng thi chon a24. Néu a<li, hé
kin sé khéng én dinh.

2) Tinh T theo (4.20), tdcla Ty=aTyx .

T

kTvJa

Chd ¥ 1a t&n goi 61 vu dit xieng khong mang ¥ nghia toan hoc chat ché cia bai toan
t81 ww. N6 chi mudn uéi ring néu chon tham sé cho bd diéu khién theo phuong phap nay

3) Tinh kp theo (4.21). tic 1a kp =

sé duge mét hé kin c6 d¢ dy trix 8n dinh theo nghia gée pha ¢ (w,.) ¢d duge xAp xi trong
viang II 1a 16n nhAit.
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Vidy 10: Xét d61 tugng tich phan—quan tinh bic nhit mé ta béi

S =— 2,
s(1+0,35)

k=2, T=1, Ty=0.3.
Chon b$ diéu khién PI & didu khién theo nguyén téc tai wu d6i xung
kp (1 + TIS)
T[S
ta §8 co cac tham sé sau dude chon theo (4.20) va (4.21):

1
= 1+— ) =
R(s) kp(+TIs)

a) Khia=2: kp =1,18, T;=0,6
b) Khia=4: k,=083, T;=12
¢) Khia=9: kp =0,566, Tr=27
Hinh 4.18 la dd thi ham qua d6 hé kin ing véi cac tham s§ b didu khién da duge

chou cho ca ba trudng hop néu trén. O

4 A(t) ﬁL Ri(t)
1,959 r=irx b bt T e ey e

: t
1
Hinh 4.18; Ham qué dd hé kin vdi b diéu khién ;
Pi co cac tham s6 dudc chon theo nguyén 05
tAc didu khién t6i uu déi x(mg Ung véi
nhifng gia tri @ khac nhau. j

4.3.2 Diéu khi€n d&i tugng tich phan — quan tinh bac hai

Phén 4.3.1 da giéi thidu thuat toan xac dinh tham s6 bd diéu khién PI cho déi tugng
tich phan-quan tinh bac nhat, Néu st dung bé diéu khién PID thay vi P ta sé ¢6 théin
m¢t tham s6 tu do dé Iya chon la Ty . Diéu nay cho phép diéu khién duge déi tueng c6 dd
phirc tap hon mét cAp 1a khau tich phan—quan tinh bac hai:

S{s) = k
Ts(1+Ts)(1+Tss)

(4.23)
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B6 diéu khién PID c6 ham truyén dat
kp(l + TAS)(l + TBS)
T]S

1
R(s) = b, (1+ —— +Tps) =
(S) p( T]S D‘S)

trong dé
TA + TB = TI va TATB = TITD .

Ta sé chon mét troug hai tham s T hoic T clia bs diéu khién dé bi mét hing so
thai gian cla d&i tugng sao cho cudi ciang hé hd lai ¢6 ham truyén dal dang chinh tic
(4.17), tdc 1a chon hojec Ty = Ty hodie Ty = T, . Céc tham s& con lai duge xic dinh theo

nguvén tic téi wtu doi xitng da trinh bay trong phin trén (muc 4.3.1).
Khéng mat tinh tdng quat néu tu chon T4 = 7, . Khi d6 hé hd c6 ham truyén dat

ky k(1 +Tgs) —kPTB. k(1+Tgs)
TyTs>1+Tesy T1 TpTs®(1+Tes)

kp

So sanh vdi dang chinh tic (4.17) thi chi c6 mot sua ddi nhé trong (4.24) la k, nay

Gp(s) = S(s)R(s) =

(4.24)

kaB ,,,,,
1
bd didu khién ciing duge hidu chinh lai nhit saw:

a) ChonTy=T,.

diige thay bai Ep =

by Xae dinh 4 >a>1 tit 46 qua diéu chinh AR
hoac chon a>1 tit véu edu chat hugng dé ra. Gia tri a dude chon cang ldn, do

Iy - 2 a ' 7 ~
max €An cé cua hé kin cé dao déng,

qua diéu chinh cang nhé. D& hé kin khéng ¢6 dao déng thi chon a>4. N&u chen
a<1, hé kin sé khéng én diuh.

T
¢) TinhTg=aTy TudosuyraT;=T,+Tg va TDZATTB .
!
=~ T . B Ty
d) Tinh &,= roisuyra kb, =—£ =
P rTeVa P Ty
0] -
Vi du 11: Xét ddi tugng tich phan-quan tinh bic hai 15 - [ R S R

s(1+3s)(1+5s) / i R

Tw k=2, T=1, T,=3, Tg=5tacdviiae=8 0.5¢:

S(s)

r

kP=0‘04’ T] = 43, TD = 2,8
cho b diéu khién PID.
Hinh 4.19 bén canh bidu dién ham qué 46 hé kin.

20 40 60 B0 100 120

Hinh 4.19: Minh hoa cha vidu 11.
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4.3.3 Didu khién d8i tugng tich phan — quan tinh bic cao

Nhé lai mue 4.2.2, khi thiét k& bd didu khién t8i uu dé 16n cho déi tugng quan tinh
bac cao ta di xap xi né bang mgt ham truyén dat quan tinh bac mét hoac hai. Tuong ty,
¢ day cling vay, v8i déi tugng ¢6 ham truyén dat

k
Ts(1+Tisy1+T.s) --- 1+T,s8)

S(s) =

trong dé tit ca cac hang s ihai gian T, Ty, ... , T, d@8u dd nho thi ta sé ghép ching
chung lal thanh
n
Ty=3T,

k=1
dé dua ham truyén dat caa do- v+ hanh dang chinh tic
__k
Ts(l + Tes)
Gidng nhit d mmuc 4.3.1, bd diéu khién thich hgp 1a bs diéu khién Pl
kp(l + TIS)

TIS ’

S(s) =

1
Re) =k, (14—)=
6=k, ( Tys )
Cac tham sé &, va Tj cia b digu khién PI sé duge chon nhu sau:

n
1) XéfpxiT};=ZTk.
k=1

2) Xac dinh 4 >a>1 tir 4§ qua diéu chinh Ah . cin ¢6 cia hé kin c6 dao dong, hodc
chon a>1 tit yéu cau chit lugng dé ra. Gia tri e duge chon cang 16n, d qua diéu

chinh cang nho. Pé hé kin sé khong c6 dao déng thi chon a>4.
3y TinhT;=aTg .

4y Tinh k, =

Riéng triding hgp S(s) 6 mét hiing sd thdi gian T 16n vugt trdi, con lai cdc hing s6
khac Ty, Ty, ... , T, déu di nho thi ta sé x&p xi ham truyén cda né thanh dang (4.23):

k n
S(s) = G Tg=3T,, T,>Tx.
) TsQ+ T+ Tes) ° Eg S

Céc tham 6 k,,, Ty va Ty cla bd diéu khién PID sé duge chon nhut saiw:

n
) XapxdTy=3T,.
k=14

2) ChonTy=T,.
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3) Xac dinh 4 >a>1 tir d6 qua diéu chinh Ak, cdn c6 clia hé kin ¢6 dao dong, hoic
chon a>1 tir yéu ciu chat liugng 48 ra. Gia tri a dude chon ciang Idn, dé qua didu
chinh cang nhé. D& hé kin s& khoug c6 dao dong thi chon a>4.

4) Tinh Tg=aTy TadésuyraT;=Ty+Th va TD=T—AT—T£.
I

r réisuyra k = EPTI
kTs e P Tg
Song mot didu cdn phai dic biét chu ¥ khi sit dung cac phuong phap xap xi ham
truyén dat néu trén cho céng viéc thidt ké bo diéu khién toi un d6i xing 13 sy xdp x1 &6
chi théa man vé mit bién dé (nén nd ap dung dude cho b diéu khiént t&i i dd én) chi
khéng xap xi duge gée pha, trong khi bd didu khién t61 wu d6i xang lai rdt dé y dén goc

5 Tih k,=

pha @, (w,) cia hé hd dé dam bao tinh én dinh cho hé kin. Viéc x4p xi cic hing s6 thai
gian T, Ty, ... ,T,cing nhut Ty, Ty, ... , Ty, béi T'y da v6 hinh chung xap xi qua thé

sy thay d6i géc pha cia doi tudng tir —n-g— thanh —% . Didu nay rit dé dua dén sy vi
pham diéu kién vé géc pha g (@,) va lam cho hé kin mét én dinh,

4.3.4 Diéu khién dai tuong bit ky

Nhut da 1y luan 6 muc 4.3.3, vide x&p xi ham truyén dat bic cao cia déi tugng thanh
nhitng dang chinh tdc tich phan—quén tinh bic 1 hoac 2 dé duta dén trudng hgp hé kin
khéng 8n dinh néu nhu b didu khién duge dung van 1a PI hoidc PID,

Nhung khi rai bé b diéu khién PID quen thujc, ta sé ap dung dudge nguyvén 1y t6i
wu déi xirng cho mét déi tigng bat ky.

Muc dich cia didu khién t6i uu déi xing 12 xac dinh b6 didu khién R(s) cho doi
tugng S(s), sao cho véi né, hé théng c6 ditge ham truyén dat hé hd dang:
ky(1+T)s)

Gp(s) = S(ER(s) =—A— 170
(Ts)2(1 +5Ty)

(4.25)

a) T,>T,

. .. e . . a2 s = 1 1
b) Tan sd cat @ zi nam 6 gita hai diém tin s6 gy w,=—, wy=—— trong
'\}kh Tl T2
biéu db Bode (xung quanh tén 86 cat we cé dd nghiéng ~20dB/dec).

¢) Khoang cach a giita hai diém tin s8 gdy @,, w, id db l6n.

Tiz m6 hinh mong mudn (4.25) cia hé hd, trong viing #4n 56 IT (hinh 4.17b) hé kin sé
c6 ham truyén dat gin diing (muc 4.3.1, trang 312)



Gy (s) o @y

G(S) = F 7
1+Gy(8)  §> +2Dw,s+w}
P e N a
g = |%c p=Y2.
vt w, T, va 3

Do dé khi D<1 sé ¢6 (trang 183):

D
r
‘f 2 3 3
a) Ahya=e VI°F b} Ty, = Dw. o) T.= 2w¢
n
— \h _ D2
V4 arctan -~ bﬁﬁ
C) Tmax = d) Tm =
2 2
- wN1-D tun\ll—D

trong d6 T, 12 khoang théi gian cin thist dé tiép tuyén tai diém uén ddu tién ciia A() di

duge tit 0 dén A= lim A(t) (gidng nhit gia tri b cho trong hinh 4.7, trang 298),

ilow

a) b)

A L{w)

4 h()

,
5
i

ol5%

A A

o I SN

Hinh 4.20: Xac dinh tham s8 hé hd tr yéu ciu chét ludng cilia hé kin dé tr &6 co bd didu khién R(s).

Cac cong thife trén dude sit dung d€ xéc dinh tham s6 cho ham truyén hé hd (4.25)
trén cd 58 tir vén cAu chit Iuong cdn cé clia hé kin (hinh 4.20a). V61 nhing tham s6 da

duge xac dinh d6, ta c6 duge bieu dé Bode Ly (@) mong mudn ciia G (s) va do d6 cling suy
ra duge biéu d6 Bode Lp(@) ciia b didu khién R(s) theo cong thitc (hinh 4.20b)

Lz(w) = Ly(w) — Lg(w). (4.26)

Tit Ly(w) ta sé c6 cdng thie ham truyvén dat B(s) cho by diéu khién.
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Vi dy 12: Xét d61 tudug cé ham truyén dat
_ 1+ Tys)2 + Tys)(1 + T;s)
(T,s)z(l +T5)

5(s) , trongdé T, >Tq>T,>T;>T,.

D6 thi bién dé Bode Lg(@) cua déi tugng cho trong hinh 4.20b).
Gia st tit yéu cau chit liigug cin c6 cho hé kin ta c6 Ly (@) ciia hé hd véi diém tdn so

p L2 . » L . = 1
cit w, 12 diém gilta cua hai tan 56 gy w, =TL, Wy =
3 2

. Thuc hién phép trir (4.26) ngay

trén d¢6 thi Bode ta dugc Lgp(@) cho b didu khién, Vi dudng dé thi Lyg(w, niy thi:

k

Rs)=—ru——,
(1+TysHL+Tss)

4.3.5 Nang cao chat lugng hé kin biing bd diéu khién tién x ly

Quy tu chung lai ¢ phudug phap thiét ké bé diéu khign 161 wu d6i xing la tir ham
truyén dat 8(s) cua d6i tigng, bd didu khién R(s) phai duge chon sao cho cung véi né, hé
hé cua hé théng c6 ham truyén dat véi cdu tnic

KR(Q1 + Ts)

Gpis) = S(8)R(S) = —pr—"— (4.27a)
T Ts*(1+Tyvs)
trong dé
K=—T _, T=aTy . {4.27b)

ETs o

Chang han nhu véi 461 titgng 1a khau tich phan-quan tinh bae nhat IT, va bd diéu khién
PI da noé1 161 6 mue 4.3.1 thi K= kp , T= T, , hay khi dé&i tugng 1a khéu tich phdn—quan

tinh bac hai, bé diéu khién 1a PID & muyc 4.3.2 theo cdng thitc (4.24) thi K=k, , T =Ty

Tham s& a duge chon tit yéu edu chift lugng cin ¢6 cia hé kin. Cy thé 1a:
— H& kin c6 dao dong khi 4 >e>1. Néu a>4 hé kin s& khoug cé dao déng.
— Haé kin sé khéng én dinh véias1.
- D6 qua didu chinh Ak, ctia hé kin va a ty 16 nghich véi nhau, Ak, cing nhd

néu gia tri a duge chon cang 16n.

- Khi a duge chon cang 1dn, vang I sé cﬁng hep lam cho mién tin s& ma tai d6 chdt
Itgng hé théng dude danb gia theo bién dd ham diic tiuh tdn hé kin
[GGw)| =1 (4.27¢)
cing thap ¢hinh 4.17b).
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Vay lam thé& nao nang cao duge chat lugng hé théng theo nghia md rong mién tan si
ma & dé cé (4.27c) nhung lai khong lam ting dé qua diéu chinh Ak, cta hé kin?. Dé

tra 191 ta hay thay (4.27b) vao (4.27a)

max

1+aTss

G (s) =
h a\ng_\:‘)sz(l +Tys)

réi xac dinh ham truyén dat hé kin

Gp(s) _ 1+aTys
14Gu(s) 1+aTes+avaTds? +adaTds®

-
Nhu vay nguyén nhdn lam tang do qua

G(s) =

diéu chinh Ah,. chinh la thanh phén vi phan wi) M) G (5) ky(t)
P e s m . N h >
co trong da thiuce tit s6 cua G(s). Nhan xét nay : i—
dua dén suy nghia 1a dé giam dé qua diéu chinh
nay ta nén néi hé kin véi khau tién xti Iy Hinh 4.21: Gidm da qua diéu chinh biéng
o . bo tiéin xir .
M(S) =
1+ aTlS

d& loai bo thanh phén vi phan nay ra khoi da thie tir s6 (hinh 4.21):

= 1
G(s) = M(5)G(s) = - . (4.28)
l+aTlys+ an;Tfsg + a\ﬁz_Tlgs::]
Van dé con lai 1a xac dinh tham sé a d8 G(s) c6 dai tdn s6 thap thdéa man
| Gljw) | =1 (4.29)

1a ring nhat,
T (4.28) ¢o
1
1+avaT2(Va - 2)0? + e’ VaTd (Va - 2)w* +a TS w®
Suy ra, d& c6 (4.29) trong mién tiu s6 thip c6 b réng ldn nhat thi

‘/c;=2 : = a=4.

| Gijoy |*=

Ta di dén cac thuat toan:

1) N&u d6i tugng 1a khau tich phan-quan tinh bac nhit Ss) = __k thi
Ts(1+Tys)
a 0 . 1 T
Chon bg di€u khién PIvéiR(s) =k ,(1+— ), k,=——, T1=4T3 .
a) on bd dieu khién Pl v (s) p( Trs ) = kT, s I b3

b) Chon bé tién xit 1y M(s) =————.
) on bd tién xu ly M(s) 1+ 4Tos
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k

2)  Néu déi tugng la khau tich phan—-quan tinh bac hai 8(s) = thi
Ts(1+Tys)A+Tes)

a) Chon b diéu khién PID véi R(s) = & p(1+TL +T)ps), trong d6
[S

T,=T,+4Ty, Tp=—nle = =0T
T|+4TZ Ska
L 1
b) Chon bd tién xuv ly M(s) = ————.
) on hd tiér ¥ M(s) 1+ 4Tes

3) Néu dé1 tugug la khau tich phan-quan tinh bic cao thi ta xdp xi né vé dang hodc
tich phan-quan tinh bac nhat hoic tich phan—quan tinh bac hai nhu ¢ muc 4.3.3 réi
su dung mét trong hai thuit todn néu trén.

Vi du 13: Xét lai déi titgng da cho trong vi du 11

85 = ———2—,
sf1 +3s)(1 +3s)

Nhu vay ddi tuong ¢6 dang tich phin—quan tinh bac hai nén sé duoce diéu khién
bang bd diéu khién PID. T £=2, T=1, T,;=3, Ty=5 ta c6 véi @=4 cac tham s& sau
cho bé diéu khién PID

T =23, Tp =26, k,=0,0125

Hinh 4.22 biéu dién ham qua 48 A@) cua hé kin cho hai tritdng hgp khéng c6 va cé bé
dién khién tién xi by

M(s) = .
(s) 1+20s

Caug tir hinh 4.22 ta thay bé didu khién tién xd 1y &3 o6 tac dung giam 46 qua diéu
chinh Ak, cho A(#) clla hé kin. o

ARG r S Y05)

15 / —— — )
" / ) Knehgcobpubaxily o / ‘ c%pgus@xfrtr

05t = i 0.5

o

H

20 40 60 80 160 120 20 40 60 80 100 120

Hinh 4.22: Minh hoa vidy 13.
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‘4.4 Phuodng phap can bing mé hinh
441 Nb&idung phudng phap

Trong mét sd tai liéu (diac biét cac tai lidu tieng thic), phuong phap cin bang mé
hinh (model matching) cén ditge goi 1a phuong phap thiét k& bé diéu khién ba. N6 ¢o
nhiém vu xic dinh b didu khidn R(s) trén cd s0 da bi&t trwde ham truyén dat S(s) caa
déi tugng va ham truyéu dat cdn c6 G(s) cia hé théng kin ¢hinh 4.23). trong dé ham
truvén dat G(s) cua hé kin duge xdc dinth tif cac yéu ciu chit lugng phai cé ciia bai toan
diéu khién.

ny : nr
wit) e | R(s)= i}{(s.) S(s)= Bg(s) }'(_t)'_
Hinh 4.23: Minh hoa phuong phap — R(s) AS(S)
¢én bing ma hinh,
Néu goi _
Se =38 o e =B
Ag(s) A(s)
thi ti
Gls) =—SORE) (4.30a)
1+ 8(s)R(s)
s& ¢6 ham truyén dat cia bd didu khién
S(8)- S(s)G(s) S(s) 1-G(s)
& Re=258 86 (4.300)

Bs(s) AG)-B(s)

‘442 Tinh chat bd diéu khién

Céng thic (4.30b) cho thay bd didu khién R(s) chinh 'a sy méc néi tiép cia khau

nghich dao d8i tugng vii khau héi tiép phan hai duong c6 ham truyén dat hé ha la

(s)
G(s) - hinh 4.24. Do d6 diéu kiénu dau tién dé ¢6 duge bd diéu khién én dinh 1 tat ca cac
diém khong cia S(s) phai nam bén trai tryc ao.

Mat khac, t mong muén rdng hé kin én dinh néi, tirc 13 tit ca cac ham truyén dat
tinh tf nhimg tin hiéu tac déng vao hé, gdm c6 tin hidu dat trude w(f), tin hiéu nhiéu

n,@), n ), cho téi cac tin hidu ra, gbin cé e(2), ¥{¢)
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a) Tiuw@) téiy() 1a G(s).

. 1
b} Tirn, (&) téi y() 1 .
) n, () t61 y(p) 1a T+ SH
) Tiu n.(¢) t6iv(f)la S
v - 1+SR’ Hinh 4.24; Cau tric bd diéu khién.

. . 1
d) Tw w(t) tdie(t) va tir n () téi y(t) la .
) © 0] : ) tai y (D) TiSR
phii la nhitmg ham bén, thi déi twong phii n dinh. K&t hgp véi két qua trude ta ¢6 duge
diéu kién diu tién:

1) Mudn co ditge bé diéu khién R(s) 6n dinh va citng vdi né hé kin én dinh noi thi dii
tigng S(s) phdi la mét khdu pha cuc tidy.

Tiép tuc, ndu S(s) la pha cuc tiéu thi tit sa dd ca'u trie ¢ hinh 4.24 cho bo diéu khién,

phan héi tiép phan héi dudng véi G(s) c6 ham truyén dat N GG phai én dinh thi bé didu

khién mdéi on dinh. Béi vay:
2)  Dé b6 didu khién R(s) 6n dinh khi doi tuong la pha cuc tidu thi —1—G—G phai la ham
bén, hay hiéu A(s) — B{s) phdi la da thitc Hurwilz.

Mnén stt dung bd diéu khién R(s) xac dinh theo céng thic (4.30c) thi né phai tich
hdp dirge trén cic thiét bi thuc té&, néi cach khac R(s) phai 13 ham hgp thie. Diéu nay
dan dén bic cua da thic tich Ag(s)B(s) khdng dugde 16n hon béac cia BS(s)[A(s) - B(s)}.

Néu goi n 4  la bic cia Ag(s), ng 1a bac cia Bls), ngg la bac cia By(s), n4 la bic cia Als)
thi do ny > ng nén diéu kién trén dige bidu dién thanh
nagtng< ng. +ny A Rag—Np,Shs—ng.
Suy ra: ‘
3) Mudhn tich hop dude bo didu khién cdn bdng mé hinh thi bdc tuong déi cia hé kin
khing dude nko hon bdce tuonmg dol cia dél fiong.

Trong khi hai tinh chat 1 va 2 la thit y&u, chi ¢6 tac dung d8 b diéu khién R(s) duge
én dinh thi tinh chat thit 3 ¢6 vai trd quyét dinh gitip cho ngudi thiét ké, ngoai cac chi
tién chat lugng mong mudn cia hé, cé6 thém théng tin vé bac tuong déi gidp xdc dinh
duge dung cau triic ham truyén dat G(s) cn phai ¢6. Ta xét mot vi dy:

" Vidy 14; Cho dé1 tugng
05

<
1+3s+2s°

S(s) =
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Do d6i tugng ¢6 bac tiang d6i 1a hai nén bac titong déi ciia ham truyén dat hé kin la Gis)
cling phai it nhat la hai. Cau tric G(s) don gian nhat ¢6 bac tuong déi bing hai va lam
cho L& kin 8n dinh, khéng c6 sai léch tinh khi duge kich thich béi 1¢1), 1a:

ab

GO = TG b

vl a,b >0.

Tu day ta suy ra dude theo (4.27b):

1+3s+2s” ab _ 2ab(l + 35+ 2s°)

R(s) = =
0.5 s” +{a+b)s sls+(a+b)]

O

K&t qua cta vi du 14 cho thay bé diu khién R(s) ¢6 chia thanh phdn tich phan va
digu nay la phit hgp véi n6i dung dinh 1y 3.44, trang 254 dé hé khéng c6 sai léch tinh.

M@t cAch téng quat, néu ta gia si
_B(sy _by+bis+ o +b, 5"

A(S) ag+as+ o +a,s”

G(s)

thi dé hé khong c6 sai léch tinh ( lim A(z) = 1), ham G(s) pliai thoa min G(0) =1 va do d6
[ 12 .

ay = by . Diéu nay dua dén la da thice A(s) ~ B(s) ¢6 mdt nghiém 0. N&u Ag(s) khong co
nghiém 0, b diéu khién R(s) xac dinh theo (4.30c) sé c6 diém cuc la goc toa dé (c6 thanh
phén tich phau). Nguge lai néu Ag(s) ¢6 nghiém 0, tic 1a déi tugng da ¢6 thanh phan tich
phan, thi nghiém 0 d6 duge gian vde vdi nghjién 0 cua A(s) — B(s) lam cho R(s) khéng
con chita thauh phdn tich phan. Vay:

4) Tt yéu cdu chdt htong rang hé kin khong cé sai léch tinh, b6 didu khién thiét ké theo
phuang phdp cén bing mé hinh sé chita thanh phédn tich phén néu doi tuong khong
€6 thanh phan dd. Ngwoc lai khi dii tiegng dd o6 sdn thanh phén tich phan trong noé
thi b6 didu khién sé khong co thanh phén nay.

443 Sy anh hudng cba nhiéu

Nhiéu dige quan tam & day la nhidu tac déng tai dau ra ciia d61 tugng, giéng nhu
n(?) trong hinh 4.17a) hay n.(¢) trong hinh 4.23. Piy la thé loai uhidu thudng gap nhat
trong cac hé théng diéu khién, vi du nhu trong hé thong diéu khién mang ludi phan phéi
dién chia nha may dién thi nhiéu do sé 1a myc d6 tiéu thu nang lugng dién dau cudi, ¢ hé
théng didu khién déng co thi né sé 1a nhidu tdi dong co, trong hé théng dién khién ciu
truc, nhidu dau ra la trong lwgng cia vat dirge cau ciing nhu d dai day buée hang ...

Dauh gia chi't lugng bé didu khién da dudc thist k& doi véi sy anh hudng cha nhiéu
la céng viée xac dinh phan ng cda hé théng dai véi kich thich n(¢) hay n(#) tai dau ra

cua déi tigng. Goi ham truyén dat véi ddu vao n(#) va ddu ra y(t) 1a G,(s) thi
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G () =I+—1SE= 1 - G(s), ‘ (4.31)

trong dé G(s) 1a ham truyén dat ciia hé kin, c6 ddu vao w(t) va dau ra y(¥).
Hé théng sé ditge goi la ¢ chat lugng tot (bén vilng) déi véi nhidu néu nhu
G, (s) = 0.

Vay thi tir quan hé (4.31) ta thay duge nhitng bé diéu khién R(s) nao da mang dén cho hé
théng chat hutgng

IG(iw)l w1
trong mot dai tAn s6 (thap) rong nhu bé diéu khién tai 1tn d6 10n. t6i wu doi ximg, cing sé
mang dén cho hé théng kha nang bén vitng véi nhiéu,

Vi du 15: Xét lai hé théng gém déi tuogng tich phan—quan tinh bac nhat va bd diéu khién
PT dutge thidt k& theo nguyén tdc t6i wu déi xting ing véia=9 da cho trong vi du 10

2 1
8()=~—""——, R(s)=0,56(1+——
© s(1 +0.3s) © ) ( 2,73)
Khi d6 ham qua 46 A(t) cia hé kin ciing nhu dap dng y,{t) cia hé thing khi 6
nhidu n ()=1() va w{t)=0 sé c6 dang nhut hinh 4.25 md t4. 0
4 h(t)

wab

BTG
1 /E,—- ""o-...; |

os|f

I

Hink 4.25: HAm qua dé va phan (ng cha hé thdng khi co nhidu tac dong tai ddu ra cia déi luong.

Ky hiéu y,(¢) 1a thanh phin nhiéu n(¢) ¢6 1an trong din ra y(¢) cua hé théng. Néu

w(t) 1a déng nhat bing 0 va nhidu z,.(¢) 13 hiim 1(z) thi ¥n(t) duge xdc dinh nhat sau:

Y, ()

- G,(s) =1_:_C_;,@ — yalty =1~ h).
S

s
Do d6 hé 88 khong bi anh hudng bdi nhiéu néu né khéng cé sai léch tinh, Ham qua do
A(2) cang tién nhanh téi gia tri xac lap 1 thi nhiéu cang dge "loc” tat.



4.4.4 B diéu khién du bao Smith

Phuong phap can bing mé hinh néi riéng va nhilg phudng phap thiét k& bé didu
khién da duge gigi thiéu trén diy néi chung déu cé giai thist rang d6i tugng khéng co
thanh phan tré ¢ ors Trong khi d cac phuong phap st dung bd PID tryc ti€p (xic dinh
tham s5 PID theo Ziegler-Nichols. theo téng T ciia Kuhn, ... ) hay thigt k& theo t81 uu dé
ldn. ta c6 thé thay x4p xi thanh phan tré d6 bing khan quan tinzh bac cao PT,, hodc theo
céng thire Padé (muc 2.2.9. trang 113) thi vdi phudng phap t6i uu dai xing hoac can
bang mé hinh li khéng thé duge. N6 thutdng dua dén ham truyén dat d6i tugng cé bac

qua cao tam cho md hinh xdp xdi ¢é sai léch géc pha 1dn hoac dan dén trutdng hap khéng
tich hap dude bé diéu khién do vi pham tinh nhan qua.

D& vin sit dung dudc cac phuong phap thiét ké da gidi thiéu cho nhing déi tugng cé
thanh phén tr ¢ %, Smith da dia ra nguyén tic du bio (Smith-predictor) kha don

gian song lai cé mét ¥ nghia ung dung to Ié.

a) b)

w(?) ' Ly w( - y(t)
—»T—» Gpts) > S6) >l o 75t —> R(s) S(s) e B l—

c)

B didu khidn Gp(s) y()

]
i
'
! Hinh 4.26: Cau tric bb diéu khi€n
b
)

thec nguyén ly du bac Smith.

Nguyén tic dy bao Smith nhu san. D@ thigt k& b didu khiéu Gg(s) cho déi tugng

Ggls) =e "S(s)

(hinh 4.26a), Smith d& nghi thiét ké bs didu khién R(s) riéng cho d6i tuong S(s) khang ¢
thanh phan tré (hinh 4.26b). Viée thiét k& R(s) dude thuyc hién mét cach ddn gian theo
nhing phuang phap da trinh bay (cdc muc 4.1, 4.2, 4.3, 4.4.2),

Do ham truyén dat hé kin 1a G(s) § hinh 4.26a) cinig nhu R(s) & hinh 4.26b) cé dang

-y _
G(s) - GSGR - GRSe — RS ¢ TS
1+GgGg 1+GRSG_$ 1+ RS
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nén gida Ris) da tim duge va Ggis) phai di tim ¢6 méi quan hé

R

Gpls) =
R 1+RS(1-¢™ ™)

M&i quau hé trén duge thé hidn trong hiuh 4.26¢). Nhu vay cong viéc thigt ké bd
diéu khién dy bao Smith cho déi tugng co tré
Ggls)=e _rsS(s)

sé gom cac budce sau:

1) Thiét ké bd didu khién R(s) cho riéng phin S(s) cia d&i tudng theo cic phiang phap
da bidt (vi du theo tdi 1tu déi xiing hay cidn bang mé hinh).

2}  Xay dung bd didu khién Gris)= —-R—~— v61 cin tric cho trong hinh 4.26¢).
1+ RS- ™)

Chu ¥ ring do bd dién khién Gg(s) tim duge c6 chida mé hinh déi tugng ¢ mach hé

tiép nuén Gp(s) kha nhay cim v3i nhing sai léch mé hinh déi tugng. Bdi vay yéu cdu s
dung ditge mot cach cé hidn qua phiong phap dy bio Smith 1a ham truyén dat cua déi
tigng phai di chinh xac.

4.5 Diéu khién tach kénh
4.51 Tai sao phai tach kénh va phat biéu bai toan

Co6 rat nhidu bd diéu khién diige ung dung thanh céng lai chi ding diuge cho hé
SISO, bé diéu khién PID la mét vi du dién hinh. Vi mong mudn sit dung cic by diéu
khién dé cho hé MIMO nguai ta da nghi dé&n viée can thiép so hd trude vio hé MIMO,

bién mot hé théug MIMO thanh nhidu hé SISO véi mdi diu ra y; () chi phu thude vao
mét tin hiéw diu vaec w; ).
Xét déi titgng MIMO  tuyén tinh, ¢6 s diu vio w,uy, ... ;44 va cing c6 s diu ra

¥1r2¥as -.e ¥ MO ta boi

dx
—==Ax+B
dt X+ ou
y=Czx

Dé tach kénh. ta phai xac dinh cic bé diéu khién R va M (hinh 4.27) sao cho dau ra y;{t)
chi phu thnge vao mét minh diu vio w;(f) v61i=1,2, ... ,s. Su phu thude dé duge mé ta

trong mién thoi gian béi phuong trinh vi phan bac n; hé sé hang
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dy; ;
Gio¥i +qin -t *+ Qi1 ) + — =AW,

dt dei1 dr™
d"‘ - dk )
Z = (4.32)
dt”‘ ko dt*
trong d6 A; va g5, £=1,2, ... ,s, £k=0,1, ... , n;-1 la cic tham s tu do duge chon tuy

¥ (hinh 4.28).

&
I=

2 s g
I M boi ‘*I

— | tugng

Hinh 4,27 Phat biéu bai toan diéu
khi&n tach kénh.

I

Trong mét chimg myc nao dé, néu ton tai nhidu hd didu khién R, M tng véi nhing
by tham s6 4; va ¢ ;5 . khic nhau théa min bai todn tach kénh thi ta cé thé théng qua 4;
vag;p dé xac dinh mot trong si cac bd didu khién d6 sao cho chét lugng d& ra duge théa
man mét cach tot nhat. chang han nhy lim y;(¢) = lim w;(¢) d& khéng c6 sai léch tinh,
= 3o
titc 1a khéng 6 sai léch ¢ ché dé xac lap.

Do bai toan diéu khién tach kénh dua vao viée phan héi trang thai nhu vay néu dé
ap dung duge, déi tugng khong uhitug phai didu khién duge ma con phii quan sat duge.

W ) ¢ Wy i » | 1
M pl e
] - S R :
Wy w, > ——-bys
Hinh 4.28; Myc dich cba diéu khién tach kénh.
4.5.2 Thuat toan tach kénh
Trude hét ta ban tdi van dé bacn; , i=1,2, ... ,5 cia md hinh (4.32) cAn phai c6.

tie la xét xem vdi n; nhu thé nao thi v& phai cha (4.32) chi 6 w;(¢) chi khéng co cac dao

ham cua w ().

28



Dé xac dinh r; che riéng kénh thd i ta st dung khai niém bac tuong d61 da duge

dinh nghia 6 muc 2.3.6 (trang 149) cho hé SISO. Ky hiéu ¢; , i=1.2, ... s la vector
¢
hang thit i cha ma tran C, tidc la € =| : |, thi phudng trinh dau ra cia mé hinh trang
T
c
s

thai hé théng cho riéng kénh thi i c6 dang
yizelx, i=1,2, . .s. (4.33)

Do d6 theo dinh nghia 6 muc 2.3.6 thi bac tuong 481 r; cua kénh thu i sé la sé uguyén
duong nho nhat thoa man

g;—TAkB=QT néu O<k<r; -1
cTaigzg”.

St dung bac nong 481 r; ta sé cé tir phuong trinh (4.33)

d .

—yT"=<_3;T-d—f=£? (Az+Bu) = gTAz vi 9?B=QT) (4.34a)

dyi =cTaky néu O<k<r;-1 . (4.34b)
RoOoET = ‘

dt

diy; _

, ~ngA'7_J_c'+ngAr"_lB-Ezg?Arf§+g;frAr"_lB‘(M@-R§)
dt' '

=g{(A"i ~ AT 'IBRJE + T AT BMw (4.34c)

K&t qua (4.34) cho thay bac n; cia phudng trinh vi phan (4.32) chi ¢6 thé 1a bac

tuiong dai r; cha kénh thi i. Viée lai (4.32) cho bac r;

dliy; "' dhy; d v r-lo gk
—t Y dik —5 = A & —i—'=— > ik kl +Aw,; (4.35)
dt’'t k=g dt dt k=0 at

roi thay (4.34a), (4.34b), (4.34¢) vao (4.35) s& dudc
ri -1
gf(A’i —A"'"BR)UJA""]BMQ =- ¥ qipel AFx + A,
k=0
Suy ra
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-1

QL-T(A"' -Ar"lBR] =- 3 qpc] A
k=0
r-1
&  cTATIBR =cTAT + T gyl A® (4.36a)
k=0
va
Q?Ar'lilBMQ= liwi

Py E'TA",'-IBM:(’O’,_.’0,/"_’:’0’...,0) (436b)

t phan tlr thi i

Viét chung lai (4.36a) va (4.36b) cho tat ca i=1,2, ... ,s ta di dén

n-1
T Ak T
_ c] A% +¢] AN
: R= : = R=D'C (4.37a)
T rs‘] r371
A B gskel A* +cT A"
L k=0
D
C
va
Jan-ig) [h 0 0
L) 0 i, - O -
: M= = =D'L (4.37b)
cTA%'B '
=8 0 O A
D sa— \_.,_ﬁ,.___s_,
D L

Hai edng thite (4.37a) va (4.37b) chinh la 18i gidaa R va M cGa bai toan tach kénh.
Ciing tit hai cong thitc d6 ma ta thay didu kién dé bai toan c6 nghiém la D phai 1a ma
tran khéng suy bién.

Vay thuit toan tim cic bé diéu khién R va M cho bai toan tiach kénh sé nhu sau:
1) Xac dinh bac tudng déi r;, i=1,2, ... .5 cia hé thong, tic 12 tim 50 nguyén ditong

r; nho nhit théa man
g:tr At = _QT néu Osk<r; -1

TAT B+0".
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QTAF'_ "IB

Khéng dinh tinh khéng suy bién ctia D=

2) : .
eTa’s'B

3) Chon tay ¥ cic tham 86 4; vavg,p , i=1,2, .8, k=0,1. ... . r;-1.

4) Lap cac ma tran
i qper A% 1T AN

4 0 - 0

As -+ 0 ~

L=|% * , C=
(.] 0 - Ag E qkrTAk JrcTA"‘S

5) TinhM=D"'L vaR=D"C.
Nhé c6 b§ didu khién phan héi trang thai R va bs diéu khién tién xit 1§ M xac dinh
theo thudt todn trén, tin hidu dau ra y;(¢) cha hé kin sé chi phu thudc vao tin hiéu vio

(). Mdi quan hé gitta ¥;{t) va w;(t) dugc bidu din trong mién thdi gian béi (4.35)

Chuyén sang mién phiic ta cé him truyén dat gida y; (¢) va w; () nhu sau
Y;(s) _ A

: r-1 ol
Wl(s) ql()+qils+ sen +qili~lst +S"

(4.38)

Giis) =

Vi (4.38) va lgi dung tinh duge chon tuy ¥ cia cac tham 6 4; va ¢y , i=1,2

.8, k=0,2, ri-1 ta c6 thé chon

Al =qQips i=1,2....,8
dé hé thu dugc khéng c6 sai léch tinh, tic 1a dé cé duge y,=w; trong ché dé xac 1ap

Vi dy 16: Xét hé ¢6 hai tin hiéu vao, hai tin hidu ra va ba bién trang thai mé ta bé

4 (1o 1 0 010
=1 -2 1 |z+o oz, y=| . o |x.
=70 01

o 1 -8 01

Trudc hét ta xac dinb bac tiong 461 ry, ry ctia hé.

10
= ¢'B=(0 1 0)jo o|=(0 0)
01
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Tiép theo ta tinh

T -
5: 217:43 =(1 1} = ﬁ_lz[l 1]
e; B 01 0 1

Biy gid ta choncac hdng s 1, 4y va @,0, g, » guq Vi didu kién A, = g, cling

uhu A, = g4 dé khong c6 sailéch tinh, chang han nhw:

A=q¢10=2, A2= g9 =3, g1y = 1.
Vdi cac tham s8 dugce chon thi

{2

T T T 42
G =| Doy tdug A"’ElA) =[_2 6 —4J
gopc; +c3 A 0 1 0

Suy ra cic bo didu khién can tim la:

M=5_,L=[l -1][2 OJz[z -3)
0 1/0 3 0o 3
R=ﬁ'16=(1 —1){—2 6 -4)=[-2 5 —4) -
0 1 0 1 0 0 1 0
453 Matran truyén dat cia hé da tach kénh

Mot hé thdng gdm.d61 titgng ¢d sd cdc tin hiéu vao bing s6-cac tin hidu ra va cing
bang s

— = Ax+ Bu, y=Cx

da duge tach kénh nhd bo diéu khién phan héi trang. thai R va b diéu khidn tién xda ly
M 46 ¢6 md hinh trang thai (xem hinh 4.27)
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—==Ax +B(Mw-Rx) =(A-BR)x + BMuw

Chuyén hai phuong trinh trén sang mién phdc nhd toan tit Laplace vdi cac gia tri

trang thai dau bang 0sé duge
X(s) = (sI-A+BR) 'BMW(s)
Y(s)=CX(s)
Do d6
' Y(s)= C(sI-A+BR) 'BMW(s).

(4.39a)

Mat khac, theo ban chdt tach kénh thi tin hiéu ra y;(¢) chi phu thuge vio mét minh

tin hiéu vao w; () theo quan hé (4.38), tic la

Yi(s) A
GL(S) = “;‘ = : — -~
1(3) qi0+qi15+ ew +qi’2‘—151 +5t

nén phai co

Gy(s) -+ ©
Yis)=| @ .1 W) = diag(Gy(5), -, Gs)W(s).
0 - Gi(s)

So sanh (4.39a) va (4.39b) ta di dén
C(sI-A+BR) 'BM = diag(G,(s), - , Gg(s)),
n6i cach khac, cang véi nhiing bé didu khién M, R tim dude, ma tran
C(sI-A+BR) 'BM
13 mot ma trin dudng chéo.
Vi du 17: Trong vi du 16 ta da tim duge cac bd diéu khién
M= [3 _33J > R =(-02 f “04J

dé tach kénh déi tugng

J (-1 1 0 1 0 0 1 0
Zo1 -2 1 x+|0 Ol , y= !;
dt = 0 0 1,
0 1 -3 ¢ 1
vdl bé tham s dude chon
1=q10=2, A2= Qg9 =3, gy =1

(4.39b)

(4.40)
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Theo (4.38). khi da duge tach kénh thi

Y| (s) = 2 va Gys) = Yo(s) _ 3

G =
1) Wi(s) 2+s+s° Wo(s) 3+s

Kiém tra lai véi (4.40) ta cing cé

01 o[l 4 -a 'y o 5 3
C(sI~A+BR)'1BM=(O 0 1} -1 s+2 -1 0 0 (0 _3]
0 0 s+3) 01
2
T_z 0
=| s*+s+ ) 0
0 3
s+3

454 Dang Smith-McMillan cia ma tran truyén dat va cach bi&n ddi

O vi du 16, 17 ta thay hé

d -1 1 0 1 0 010
_d%= 1 =2 1 |x+|0 O|u , 2=(0 o 1).1:
0 1 -3 01
c6 ma tran truyén dat
- s+3 1
Tis) = C(sI-A) ‘B::,!—_,,l_-——[*+ L5t }
s +6s+95+2 1 57 +3s+1

Nhung cung vi1 hai ma tran

L S P

thi ma trian truyén dat dé duge bién déi thanh

2

T(s)= C(sI-A+BR) 'BM =| 5" +5+2 ;
0

5+3

Nhu vay, hai ma tran M, R dude tim theo thuat toau tach kénh da bién déi ma tran
truyén dat cua hé

%=AE+BE, y=Cx
1a
T(s)= C(sI-A) " 'B ' : (4.41)

thanh ma tran dudng chéo

T(s)=C(sI-A+BR)"'BM = diag(G,(s), - , G4(®)).
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Thuat tean tach kénh ciing la mét chimg minh cho két luan ring mei ma tran
vuong T(s) véi ciu tric (4.41), ¢6 D xac dinh theo (4.37) khong suy bién déu bign déi
dugc vé dang ma tran dudng chéo T(s).

Mg rong két luan trén, phép bign déi Smith-McMillan trinh bay sau day con chi
ring moi ma tran T(s), khang cén phai vuéng va ciing khong cin phai c6 D khéng suy

bién dédu bign d8i duge vé dang "duding chéo” T(s):

Gy(s) - 0
: ’ : Gi(s) -~ O 0 -~ 0
Ts) = g G“E)(S) hay T(s)=| @ SR
: : 0 <t Gp(s) 0 -+ 0

0 0

Diéu d6 néi rang moi hé thédng MIMO déu ¢6 thé tach duge kénh.
Phép bidu doi Smith-McMillan dya vao viée thoy ddi cac dong hay cot cia ma tran
bing nhitng déng, cot mdi tuong duong (phép bign déi tuong duong). Ching bao gdm:
- Hoan ddi vi tri vector hang thit i véi hang thit & cia T(s). Vige nay tudng ing
phép nhan I, véi Ts), trong d6 I;; 12 ma tran khing suy bidn thu duge tir ma
tran don vi f sau khi déi ché hai hang thit i va k (hoac hai cét). Vi du

1000 0Y(t;, —) (t, —
0000 1|ty —| |ty —
IsT)={0 0 1 0 0|ty —|=|t; —
0001 0|, —| lt, —
0100 0ty —) lt, —

— Hoan déi vi tri vector cot thit i vdi ¢t thir k cia T(s). Viéc nay titong dng phép
nhan T(s) véi I ;p, trong dé I;; 1a ma tran khong suy biéun thu duge tit ma tran
don vi I sau khi d3i ché hai hang thit i va £ (hodc hai cdt). Vi du

10000
t, t t t t 00001 £ t. b, ¢
T(s)I%:['l =23 4 -5) 00100 =(-1 L2 R _zJ
I o 0010l (T T 1
01000

~  Hing thi ¢ duge cong thém véi tich cha ¢ va hang thit k trong T(s), Viée nay tuong
ung phép nhan C;, véi T(s), trong d6 C;; la ma trfin khéng suy bién thu dudc ti
ma tran don vi I sau khi thay phdn tir 0 thi i 2 bing phén tiie. Vidy
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1 00 0 0Y[¢ — t, —
010 ¢ 0| t, — ty+c-t, —
Co T(s)={0 0 1 0 0|ty —|= ty —
0001 0|ty — ty —
0000 0}ty — ¢ —

- C6t thit & duge cong thém vdi tich cla ¢ va cbt thir i trong T(s). Viéc nay tuong
vng phép nhan T(s) véi C;}, trong do C; 12 ma tran khéng suy bién thu dutge tix
ma trin don vi I sau khi thay phan tir 0 thit i£ bang phan ti ¢. Vi du

10000
lo1 0 ¢ 0
t, to to t, L ¢ £, te ta t,+cC t, ¢t
T(s)Cy,=| -0 %2 %3 % Bilg o 1 0 of= |7 (o 4TEI2OS
S A T B 1 g R O B B | |
0000 O

Phép bién d6i Smith-MeMillan duge t6m tat nhu sau:
1) Viét lai T(s) thanh ﬁ) P(s), trong 46 d(s) 1a da thirc bdi s6 chung nhé nhét cia tt
- P(s), wron

ca cac da thie mAu s ¢6 trong cac phan ti ctia T(s) va P(s) la ma tran ¢6 cac phin

ti la da thite. Vi du: .

1 -1

s 485+2 s +3s+2 1 -1

2 -4 28273—8 1 9 9

T(s) =| S22 2 =— s?+s-4 267 -5-8

s +35+2 s +3s+2 s +3s+2 2_y 2s2_8
s-2 25 -4 dis) 57 = ST -
s+1 s+1 P(s}

2) Sit dyng cac phép bign déi tuong ducng da néi & trén dé dua P(s) vé dang "dudng
chéo” bing cach dua din cic phin ti khéng ndm trén dudng chéo vé 0 théug qua
viée cong trir hang va cot. Didu nay da duge Smith—-McMillan chuyén thanh nhing
budc cua thuat todn sau:

a) Datdys) = 1.
b) Chen d,(s) 12 udc s6 chung 16n nhat cua tit ca cac phan tit cia P(s). Vi du
dy(s) = USCLN{1, -1, s’+s—4, 2s"s-1, s°4, 25"-8 | = 1

¢) Chon dp(s) 1a udc sé chung l6n nhat cha ti't ca cac phén ti 1a dinh thic ma
_tran vudng kxk lay, ti P(s). Vi du
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1 -1 1 -1
1,(s) =USCLN{ det| . . det| . .
d2(8) { de [s"+s—4 255—3—8]’ © [35—4 23‘)—8]’

2 9.2 o
"det[s +5—-4 25" -8 8}}

s -4 252 -8
= USCLN{ 3s°-25-4, 3s"—4, s(s°~4) | = (s+2)(5-2)

d) Ma tran "dudng chéo” T(s) twong dudng vii T'(s) sé cd eac phan tl Gy(s) 1a

: 1 dy(s)
G = _YR\S
KIS D@
Vidu
S S
1 0 (s+1)(s+2)
= 1 _ s-2
T(s) =—5——— |0 (s+2)(s-2)|= 0
s +354+2 s+1
0 0 0 0

Nhu vay phép bién d8i Smith-McMillan khéng cdn cé giai thiét ring T(s) phai la
ma tran vuéng va cé D khéng suy bién. Ma tran T(s) dude tao thanh la tuong dudng vai
T(s) theo nghia (xem lai khat niém ma trian tuong duong dia dinh nghia 8 muc 2.3.2,
trang 128):

T(s) = Sp(s)T()Sp(s)

trong dé S4(s) va Sp(s) 1a nhitng ma tran khéng suy bién (véi phan 16n cdc gia trj s), duge

sinh ra tir cac phép déi hang cét ciia T¥s).

4.6 Phuong phap cho trudc diém cuc
461 Patvandé

Xét hé MIMO c¢6 mé hinh

dx _ Ax+Bu
dt-
y=Cx+Du

x x X X . ~ " . & - N > -
trong d6 Acr” ", Ber"™"", Cer®"", Der®"" la nhitng ma tran cé phan i 1a hing s.
Néi cach khac, hé cé n bién trang thai xeR”", r tin hiéu vao uer” va s tin hidura y eR®.
Hé c6 mia tran truyén dat

C(SI - A)adj B

T(s)=C(sI-A) 'B+D =
@ =CeI-A) T BD = — A

+D
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nén cac phan tit cia ma tran truyén dat dé déu ¢6 dang ham thuc—hitu ty véi cic didm
cyc 1a gia tri riéng cua ma tran A.

Cac muc 1.8.2, 1.3.4 va dic biét la ndi dung chuong 3 da chi rang chat lugng hé
théng phu thude nhidu vao vi tri clia cac diém cyc (gia tri riéng cua A) trong méit phing
phite. Ching han nhu:

- Né&u tit ca cac diém cuc déu nim bén trai truc do thi hé én dinh. Cac diém cue
nam cang xa truc ao, quan tinh ctia hé cang uhé.

- N&u c6 mét didm cye khong nam trén truc thye thi quéa trinh tg do cua hé ¢6 dang
dao déng. Cac diém cuc nim cang xa truc thuc, tdn sé cila dao ddng cang lén.

- Né&ucé it nhat mét diéwn cuc la goc toa dé thi hé sé ¢6 chita thanh phén tich phan.
Nhitng hé théng cé chita thanh phan tich phan sé luén c6 tin hiéu ra thay déi khi
tin hiéu vao van con khac 0.

Do chat lugng hé théng phu thude vae vi tri didin cuc nén dé hé théng cé ditge chat
lugng inong mudh, ngudi ta cé thé can thiép vao hé thing sao cho véi su can thiép d6, hé
¢6 duge cac difm cuc 1a nhitng gia trj cho trude dng vdi chat lugng mong mudn. Clang vi
nguyén ly can thiép dé hé nhan dige cac diém cuc cho trudc nhu vay nén phuong phap
thiét k& bd didu khién can thiép nay cé tén goi la phuang phdp cho tridde diém cue. hay
phuong phdp gan diém cyie (pole placement).

C6 hai kha nang thiét k& bs didu khién gan diém cyc R (tinh) la:

a) Thiét k& theo nguyén tdc phan héi trang thai (hinh 4.29a). Véi bé diu khién
R, hé kin thu duge sé ¢6 mé hinh

S - Ax+Bu =Ax+Bw-Ry) = A-BR)z+Bw
bai vay nhiém vu "gan diém cuc” ciia R 1a phai thiét k& sao cho ma tran
A-BR
nhan n gia tri cho trude s; , i=1 2 ... .n {da duge chon tit yéu cau chat lugng

cin c6 cia hé thong) lam gia tri riéng.

a) b)
dt l—> dt »
- |y=Cx+Dy - |¥=Cx p
Rl R |

Hinh 4.29 Nguyén ic thiél k& bd diéu khién cho tnudc diém oy,
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b) Thiét ké theo nguyén tac phan hdi tin hidu ra y (hinh 4.29b). Vi tin hiéu phan
héi vé bé didu khién R la ¥ nén hé kin c6 mé hinh (ma tran D=0)

z—f =Ax+Bu =Ax+B(w-R y) =Ax+ Bw -BRCx

=A-BRC)x+Bw
Do d6 nhiém vu "gan ¢iém cyc” caa R }a lam sao cho ma tran
A-BRC
c6 gia tri riéng la n gia tri cho trwtde s; , i=1,2, ... ,n (da duge chon tir yéu
cau chid't higng cAn cé caa hé théng).
Khac vai nguyén 1y phan héi trang thal, § nguyén 1y phan hdi ddn ra ngudi ta

thiidng chi xét déi tugug hgp thie chat, tic 1a ¢c6 D=0, trong da © la k¥ hiéu chi
ma tran cé tit ca cac phan ti bang 0.

4.6.2 Phuogng phap Ackermann

Phuong phap Ackermann la phiuong phap thiét ké bé diéu khién gan diém cuc R
theo nguyén 1y phan hoi trang thai cho ddi tugng SISO.

Xét d6i tigng SISO dutge mé ta bdi md hinh trang thai dang chudn diéu khién:

0 1 0 0 0
L |0 0 1 o : [
ZE-| : o e+ T e vei xer” . (4.413)
dt 0
0 0 (VR 1 1
—ay -6y -ay v -85,
y={c; -+ c,)x+du. {4.41b)

M5 hinh trang thai (4.41) ¢6 thé duge xay dung ti ham truyén dat G(s) cua déi tugng

by+bs+ - +b,s"

ag+as+ - +a, 5"V 4"

G(s) =

tfong d6 (xem lai muc 2.3.6, trang 146 hodac muc 3.5.1, trang 242):
cp=bp_y—-apb,, k=12, ... 0.
d=b,.
Thuong ing véi hé SISO, bs didu khién phan héi trang thai R c6 dang:
R={n o).
Gia sit ring chit higng yéu cdu cdn c6 caa hé thong da duge thé hign qua 2 gia tri ridng

s;, §=1,2, ... ,n phdi ¢6 ciia mna tran A-BR, tite ]a
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det(sI-A+BR) =(s-s5;)(s-54) --- (s—5,)

n—1

=s"+a, 8" T+ -+ Fsta (4.42)

Vay thi nhiém vy thigt k& bay gig 1a phai tim cac phén tu r; , i=1,2, ... ,n cua R
nhirng hé s6 &;, i=0,1, ... ,n-1 di c6 cla phudng trinh dac tinh (4.42).

Hé théng cé phudng trinh dic tinh (4.42) i hé ma ma tran A clia né trong mé hinh
trang thai dang chudn didu khién c6 dang:

(0] 1 o - 0

0 0 1 0 )
A-BR=A=| ! : T (4.43)
0 1
Gy @ -d v =
Mat khac thi
0 1 0 0 0
0 0 1 0 .
A-BR = : L )
0 0 0 1 1
—ay —ap -ay —Cpy
0 1 0 0
0 0 1 0
= : : : : ) (4.44)
—(ag+n) —(ay+r) —-(lag+ry) -+ —(ap.1+7rp)
Do d6 khi so sanh (4.43} véi (4.44) ta duge:
rl'=5,-,1—ai_1 5 £=1,2. PP (] (445)
Vay thuat toin xac dinh b diéu khién R gin diém cuc s; , i=1,2, ... ,n theo

nguyén tic phan héi trang thai cho déi twgng SISO mb ta bdi mé hinh trang thai dang
chudn didu khién (4.41) gdm c6 cic budc sau:

1) Tinh cic hé s§ @;, i=0,1, ... ,n-1 clia phudng trinh dic tinh cin phai c6 cla hé
kin tif nhimg gia trj di€m cyes; , i=1,2, ... ,n di cho theo (4.42).

2) Tinh cac phan t& r; , i=1,2, ... ,n cia b diéu khidu R t¥ &;, a; , i=0,1, ...
,h—1 theo (4.45).

Vi du 18: Xét déi tugng SISO c6 mé hinh trang thai
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Gia sif ring chét lugng mong mudn cia hé kin da duge chon véi nhimg diém cyc s, =-3,

§4=-4, §3=—5 can phai c6. Vay thi véi

(5=5,)(5—53)(5—53)=(s+3)(s+4) (s +5)=s" + 125" + 475 + 60
b6 didu khién phan héi trang thai can tim sé la

R=(60-1 47+2 12+3) =(59 49 15). 0

Tiép tuc, ta ban téi vin ¢é hé SISO ban dau khong dude mé ta bdi md hinh trang
théi dang chudn diéu khién, ma néi chung la

(;—E =Ax+bu, y=c x+du {4.46)

D& vAn ap dung duge thuat toan Ackermann cho viéc thiét ké bd diéu khién phan héi
trang thai R theo nguyén ly cho trude diém cyc, tit nhién ta phai nghi tdi viée chuyén
mé hinh trang thai (4.46) di cho v& dang chuan diéu khién (4.41). Mat cach rat ty nhién,
ta c6 hai hudng giadi quyét:

— Cach thi nhat 1a thong qua ham truyén dat G(s) = c_T(sl—A)-lQ+d roi tir do
chuyén vé dang chudn diéu khién (4.41). Cach nay to ra khéng thich hgp vi khang
chi ditge rd méi quan hé giiia bién trang thai ¢ cho trang (4.46) va bién trang
thai méi cia mé hinh dang chudn didu khién (trang thai phan héi vé la trang thai
¢ll clin (4.46), song trang thai cdn cho bd didu khién R lai 1a trang thai ctaa ms
hinh chudn di€u khién).

— . Céch thi hai 1A xdc dinh mét bd chuyén déi S (khéng suy bidu) sac cho vdi no, khi
thé biéu trang thai mdi

z=Sx = =S 'z ' (4.47)
ta sé duge
-1
M:AS_‘_+Q1¢ = ii_‘_-?_=,5'As"‘1 +Shu
dt dt
c6 dang chufin didu khién, tic la
0 1 0 0 0
0 0 1 0 .
sAsS '=| : o va Sb=| | (4.48)
0 0 0 1 ' 1
_ao _al —a?' e _all—l

341



Binh ly 4.2: Néu hé (4.46) diéu khién duge thi bé chuyén déi (ma tran) 8§ vdi ciu tric
T

s 0
T T -1 .

g=| % ‘A trong dé s= {(é Ab --- A"'ll_)) ] D (4.49)
ETAn-] ) 1

sé chuyén dude hé vé dang chudn diéu khién (4.48).
Chung minh:

Trudc hét ta thiy ngay dugc tir (4.49)

§T___(0 B 1)(Q Ab .- A"‘lé)_l

- ST(Q Ab - A"'ll_))=(0 0 1)
- 5TAkb={0 néu O<ksn-2
T T 1 néu k=n-1
nén
s’ sTh ) (0
sp=| T4 |p-| 574 | 0 _
ﬁTA:n—l Tar )

Ngoai ra, v8i 8 cho trong (4.49) thi theo dinh ly Cayley-Hamilton (trang 138) cé

T T A2 T A2
Sa=| £4 |a=|2A = s A
sTA"! sTa") (-aps” -a;sTA- - —a,_ sTAY
va
1] 0 0 0 1 0 0 T
5
0 0 1 0 0 0 1 0 T
: s A
: : : . : S=p : : . : =
o 0 0 - 1 0 0 0 1|,
—ag -ap —0y o —0, —Qp -4 =Gy  —Op
sTA
) sT A
-ags —algTA— e -, sTAn !
Suy ra
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0 0 1 0
SA=| : S8 (d.p.c.m). a
0 0 o - 1
=0y —@ —0z Tt —Gy

Mot dién bigt thém dutge théng qua 16i ching minh dinh ly 4.2 (nhat 1a dinh ly 2.12

cua Cayley—Hamilton, trang 138) 1a cAc hé sfa; , 1=0,2, ... .n-1 thu dugc théng qua

mé6 hinh chudn diéu khién (4.48) chinh 1a hé s§ ctia phugug trinh dic tinh det(s/-A) cia
hé (4.46) da cho.

Vidy 19: Cho hé

0 1 0 0
9z Vg oy 1 |x+|0|u
di =

0o 0 -2 1

Hé nay cé

-3 4
01 0
= sTA=1 0 ®|o -1 1]=(0 1 0
0 0 -2 :
: 01 0
- sTA*=0 1 0|0 -1 1 |=(0 -1 1
0 0 -2
Vay
' 1 0 0
S=lo 1 0
0 -1 1
Pat
1 0 0 100
z=8x=|0 1 Ofx = x=/0 1 0|z
0 -1 1 011
ta sé diige

343



1 0 0o 1 0Y(1 0 0O 1 0 0Y(0
9z _ gas '2 +Sbu={0 1 0|0 -1 1 |0 1 o|lz+|0 1 0||0]|u
dt 0 -1 1310 0 =210 1 1 0 -1 1 1
0 1 0 0
=0 0 1 |z+|0]|u a
0 -2 -3 1

Sau khi da chuyén dude (4.46) v& dang chuin didu khién nhd bd chuyén déi S. ta ap
dung duge thuat toan da néu dé thiét k& bd didu khién R phan héi trang thai z tir véu
ciu (4.42) phai ¢6. Hinh 4.30 minh hoa cho viéc thiét ké R,

Goid;, £=0,1, ... .n—1 la nhiing hé s cua da thie
(5-5,)(8-8,) -+ (8-8,) = s+ E,l_lsn_1+ -+ @ s+ dg (4.50)
trong d6's; , {=1.2, ... .n lacac diém cuc cAn phai ¢6 cia hé kin va a; , 1=0,1, ...

,n-1 la hé sé da thic dic tinh cta d6i tugng:

det (sI-A)= s+ an_lsn_l+ e a8t ag. (4.51)

thi tit R da thiét ké duge ta ciing c6 duge bo didu khién B cho hé (1.46) dng véi viee

phan héi x nhut sau

g
T
- - - ~ s' A
R=RS=(‘10—00 a—-a " anfl_arhl) T
STAnfl
n—1\ n-1 -1
=Y (@ -aTA =T gsTA - F a;5T A
=0 i=0 i=0
n-1 .
=3 gsT Al +sA" (4.52)
i={)
n-1 n R .
vi -Y aqA'=A (dinh ly 2.12 clia Cayley-Hamiltou, trang 138).
i=0
w u S 4 z - X
| 5 / s
|
sa8”" :
I'Ts"l :
- ! -
Hinh 4.30: Minh hoa phirang phap Ackermann cho B T : - _:(
hé cé md hinh trang thai khéng & dang chudn “—
PR ——
diéu khién. -
R
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Nhu vay, thuat toan Ackermann dé thiét k& b didu khién 2 phan héi trang thai x
theo nguyén tic dat diém cuc s; , i=1,2, ... .n cho hg SISO, gii thiét la didu khién
duge v61 md hinh trang thai

dx T
~==Ax+bu, = +d
7 x+bu y=c u

s& gom cac bude nhar sau:
1) Xac dinh vector s theo (4.49). Ta c6 thé thay s chinh 1a vector hang cudi cung cia

ma tran (& Ab ... An_ll_) )_l.

2) Xac dinh &;, i=0,1, ... ,n—-1 tit cic diém cyc 8;, £=1,2, ... ,n cin phaicé cia
hé kin theo céng thic (4.50).
3) Xac dinh bé diéu khién R theo céng thic (4.52).

Vi du 20: Cho hé

01 0 0 0
dx |0 0 5 O 2
—_= x+ u
dt o0 0 1 0
00 -7 0 -4
Hé nay cé
0 2 0 -20
2 0 ‘ -2
b= Ab = . A%= 0 , A% = 0
0 -4 0 28
-4 0 28 0
x x x X -0,17
2 3,1 x x x X 0
b Ab A"h Ab) "= = s=
= @ Ab - 2 x x x x £ 0,08
-0,17 0 -008 0 0
nén b didu khién R ciia né sé la
fn’=EO§T+&'1§_TA+52§TA2+63§TA3 +§TA"
—027Y" o ' o\ o V¥ (oY
. 0 . {-017 - 0 -~ 0 0
=ag 1 + ag 3 +
~008 0 -029 0 2,03
0 - 0,08 0 ~0.29 0
=(-0173, -0178, -008d,-0,29d,+203 -0,08a, —0,29d;). 0
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4.6.3 Phuodng phap Roppenecker

Gidng nhit phuang phap Ackermaun, phuang phap Roppenecker ditge sit dung dé
thiét k& b diéu khidu phan hdi trang thai theo nguyén 1y cho trude diém cyc. Khéc vdi
Ackermann, phuong phap Roppenecker khéng bi giéi han g hé SISO.

D& biit diu ta hay xét déi tuang MIMO

£=A.£+B_I£
dt
¥ =Cx+Du

x x o X x
trong d6 Aer™ %, Ber" T Cer® ", Der®.

Nhiém vu dit ra 14 tim bé diéu khién phan héi trang thai R sao cho hé kiu vdi mé
hinh trang thai ¢hinh 4.29a)

% =(A-BR)x+Bw

c6 ma tran hé théng A-BR nhan nhitg s phitcs; , i=1,2, ... ,n cho trudc lam gia tri
riégng. Chu ¥ rang néu cé s 12 mdt s6 phic thi ciing phai c6 mét gia tri lién hop véi né
§7=5, , vi chi nhut vay cac phan tit cha R mdi c6 thé 1a nhiing s6 thyc.

Gia st ring da tim duge R. Vay thi do det(s;I-A+BR)=0 v8i moi {=1,2, ... ,n nén

ing v6i méi i phai 6 mét vector (riéng bén phai) a; khéng dong nha't bing 0 théa min

(s;/-A+BR)ga; =0, i=1,2, ... ,n .
Suy ra
(sjI-A)e; =-BRg;, i=1,2, ... .n. (4.53)
Néu goi ‘
Ly
t;*—Ra;=| ! |er , (4.54)
A\in

13 nhimg vector tham sé'thi (4.53) viét duge thanh
(s;{-A)a; =B
>  a;=(,I-A) 'Bt;, i=1,2, ... ,n. (4.53)
Viét chung toan bd n phuong trinh (4.54) thanh

(Lys e s £g) = -R{@ys e 5 @p)
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va néu ma trgn vuéng (g, , s a,) khong suy bién thi
-1 -
R=_(£1 3 see 3 Ln)(ﬁl » eee 3 Qp) ) (4.56)

Xnat phat tir nhimg didu nhan xét gdm cac cong thite (4.54), (4.55) va (4.56) vé bd
diéu khién R, Roppenecker da dua ra thuit toan tim R véi hai bude nhu saw:

1) Chon n vector tham s6t,, ... , £, saocho véiné n vectorg;, i=1,2, ... ,n xac

dinh theo (4.55) lap thanh hé déc lap tuyén tinh, tic la ma tran(a; , ... , a,) sé
khéng bi suy bién.

2) Xac dinh R theo (4.56).

Vi du 21: Hay thiét k& ba diéu khién tinh R, phan héi traug thai cho déi tugng
dx (0 1 0
—_ = x+ u
de \0 2)7 1

sac cho ma tran hé thong cua hé méi nhans =-1, 32=—2 lam cac gia tri riéng.

Vi d6i tugng c6 hai bién trang thai va mét ddu vae ("=1) nént, , t, chi cé mét phin
tit, bdi vay ta c6 thé viét mat cach don gian la ¢, ¢, thay vi phai st dung ky higu vector.

Ung vii i=1va =2 thi tir (4.55) dugc

1

_{-1 0@ _ 0 1 B -1 -1 ayvln_|3
(SII—A)—(O _1] [0 2]—(0 _3} = (s,/[-A) B 1
3

(s,1-A) = -2 0 _ 01 B -2 -1 . ( I—A)_]B= é
77 o _2) 7o 2) o0 -4 %2 1

va vi hai vector trén da doc lap tuyén 'tinh nén ciing chi cin chon ¢,=3, '1,=8. Khi dé

1

- ‘ - 1

1a hai vector dac 1ap tuyén tinh. Suy ra
-1
- 1 1 -
R=—(r, t.)(a, Qg)l‘-‘—(s 8)( ] =2 35).
-1 -2
Kiém tra lai thi thiy v6i R téng hgp duge ma tran hé kin

S R LR

ding 1a c6'hai gia tri riéng -1 va -2 nhu yéu ciu da dit ra. 0
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Tuy nhién, ¢é ba van dé& can phai ban thém vé thuat toan Roppenecker. Dé la;
- Cé thuc sy véi bé diéu khién R t6ng hgp duge, ma tran hé théng ciia hé kin sé c6

cacgia tririénglas; , i=1,2, ... ,n?
- Phai c6 diéu kién gi d& tén tai a; tinh theo (4.55) ?
- Phailam gi dé tit ca n vectora, , ... , @, lap thanh hé doc lap tuyén tinh ?

Vé clu hoi thi nhat. T (4.56) c6

Ray, ... ,a,)=-(ty, ... , in)
o Rg; = - " véimei i=1,2, ... ,n
< BRa; = -Bt; = —(s;1-A) a;
&  (s;]-A+BR)a; =0
Doa; #0 nén (s;/-A+BR) phai la ma tran suy bién, tuc la
det(s;I-A+BR) =0 véimoi i=1,2, ... ,n
hays,, i=1.2, ... ,n la gia tri riéng cua (A-BR).

Vé cdu hoi thi hai. D8 tinh duoc a;,(=1,2, ... ,n theo (4.55) thi ro raug phai c6
(siI—A)_l. Néi cach khac, khi nhiing diém cuc cho tritdc s;, i=1,2, ... ,n khéng phai
1a gia tri riéng cha A thi ta tinh dugc g, , i=1,2, ... ,n theo (4.55). Trudng hop c6 mjt
gié tri sp trong s n gia tri s; , i=1,2, ... ,n lam cho (s/-A) suy bién thi c6 nghia la
b diéu khién R khoug cin phai dich chuyén gia tri riéng s . Béi vay ting vdi né sé c6

(spl-A)ay = Bty=0
Néi cich khac, trong cong thitc (4.56), khi dé vector tham s8¢t phai dugc chon bing 0
=0 |

va vector @, phai la vector riéng bén phai dng vdi gia trj riéig s, clia déi tugug cha
" khéng phai duge tinh theo (4.55).

Vé cau hoi thiz ba. D& xét khinaoa, , ... , a, doclap tuyén tinh vdi nhau ta chia
lam ba truong hgp:

— Khi tén tai cac vector (s;1-A )" thi chiing it nhd? phai khac nhau timg doi mét.

Néi cach khie nhitng gia trj di€ém cuc cho trudge s;, i=1,2, ... ,n ma khong phai
la gia tri riéng cua A thi phai khac nhau timg déi mét.
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~ Né&u c6 nhiéu gia tri s, ma ing véi né khong tdn tai (s, -A ) ', tdc 14 nhing gia
trj nay la gia tri riéng cia A va bé didu khién R khéng cdn dich chuyén cac diém
cye s, d6. Goi gy, 1A vector riéng bén phai cua A ing véi s . Theo ndi dung myc
2.3.2 vé ga tri riéng va vector riéng cia mot ma trin (trang 136), cac vector riéng
nay s& déc lap tuyén tinh vdi nhau néu nhu nhitng gia tri riéng khéng cin dich
chuyén dé ciing lai khac nhau ting déi mot. Trudng hgp chiing khéng khac nhau,

chang han nhut cé g gia tri s, gidng nhau (phuong trinh det(s/-A)=0 c6 nghiéns

sy, boi @) thi bat budc ung véi nghiém s, béi g dé phai cé ding g vector riéng bén
phai déc lap tuyén tinh véi nhau.

- Néua,, ... , a, van khéng djc lap tuyén tinh mac di da théa man cac yéu ciu
trén thi ta c6 thé thong qua viéc lua chon | R dé Gys ..o 5 @plap

thanh hé déc lap tuyé€n tinh. Trudng hgp didu dé6 van khéng xay ra thi cuéi cing
ta c6 thé thay ddi nhé cac gia tris; , i=1,2, ... ,n dé cé duge a;, ... 5@, doc
lap tuyén tinh. Viéc stta déis; , i=1,2, ... ,n ciing la hgp 1y vi thyc t& c6 rat

nhiéubd gia tris; , i=1,2, ... ,n cing mang dén mét chit lugng nhu nhau cho

hé kin.

Téng két lai cac trudng hgp vira xét, ta di dén thuat toan Roppenecker dang tong
quat nhit sau:

1) Tinh cac vector g; Ung vdi cac gia tris; , i=1,2, ... ,n da cho:

a) N&u s; khéng phai 14 gia tri riéng cta A thi tinh theo (4.55), trong d6 ¢; la
tham s8 tu do.
b} Neéus; la gia tri ridng cua A thi chon ¢;=0 va g; 12 mét nghiém ciia
(s;7-A)e; =0
2) Chon céce vector tham sé con ty do t; sao cho vdi n6 n veetora; , i=1,2, ... ,n x4c
dinh & budc 1 lap thanh hé dée lap tuyén tinh.
3) Xac dinh R theo (4.56).

Vidy 22: Xét déi tugng
2 0
ds (2 1) (0),
dt 0 -1 1 '
Ta sé tim bé diéu khién tinh R, phan héi trang thai theo thuat toan Roppenecker dé ma

tran hé théng cia hé kin nhin s | =-2, s5=-1 lam céc gia trj riéng.
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Véis,=-2 thi
-2 0Y) (2 1) (-4 -1 L (025
I-A)= - = 1-A) 'B=
w3 5o (6 1) = e (2)

= @, =(s,J-A) Bt = [0121"]:1 =( ! ]

o ddy ta did chon ¢,=4.
Véi s,=-1 thi do det(s,/-A)=0, tirc 1a s, di la gia tri riéng ciia A nén bd diéu

khién R khéng cin dich chuyén s,. Chon t5,=0 vi g, 12 vector riéng bén phai cia doi

-3 -1 o 1
ao = = ado = .
0o o0j)* = = (-3

’ -1
- 1 1
R==—(t, L3} (@, a3) '=_ @ 0)(_4 _3] =(12 4).

tugng:

(sgl-Aday = 0

4

Vay thi

Kiém tra lai thi thiy véi R tdng hop dige ma tran hé kin

2 1Y (0 2 1
A_BR_[O --1]_[1](12 4)_(—12 -5}

c6 hai gia tri riéng -2 va —1 nhu yéu cAu da dit ra. N

4.6.4 Phuong phap modal phan hi trang thai

Phuong phap modal do Rosenbrock xdy dung nam 1962 1 phuong phap thiét k& bd
diéu khién tinh R, phan héi trang thai cho d&i tugng MIMO md ta bdi

dx
—==Ax+Bu
dt -
y = Cx+Du
véi AeRnxn, BeRnxr, CeRan, Der®" 48 hé kin thu duge véi md hinh
dx
—==(A-BR)x+B
at A Jat+Bw
y = (C-DR)x+Dw
nhan nhitng gia tri cho trtde s; , i=1.2, ... ,n lam didm cyc (hinh 4.29a), tic la co:
det(s;/-A+BR) =10 véimoi i=1,2, ... ,n.

Tu tudng chia phuong phap la-kha don gian. N6 bit ddu tir viée chuyén mé hinh déi
twgng, cu thé 13 ma tran A, sang dang dugng chéo (dang modal} hay Jordan dé thiét ké
bs diéu khién réi sau 46 mdi chuyén nguge lai mé hinh ban dau.
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Dé mé ta ndéi dung phuang phap modal, ta biat ddu véi truong hgp ma tran A cia déi
tugng c6 dang gidng dudng chéo (xem lai khai niém ma tran giéng duong chéo da duge
néi téi ¢ myc 2.3.3 vé phuang phap modal, trang 133),

M6t ma tran A duge goi la giéng duong chéo, néw:
- hoic la cac gia tri riéng g;, i=1,2, ... ,n cia n6 khac nhau ting dpi mér,
— hoic la ing v6i mét gia tri riéng g, bdi g thi phai cé dung g vector riéng bén phai
doc lap tuyén tinh,

M6t ma tran A giong dudng chéo lusn chuyén duge vé dang duong chéo nha phép
bién ddi tuong ditong, trong dé ma tran duang chéo thu dudge c6 cac phan tir trén duong

chéo chinh la gia trj riéng cia né g; , i=1,2, ... ,n:

& 0 - 0
M 'AM = ? £ = diag(g;) (1.57)
o 0 P gn

va M 1a ma tran modal c6 cac vector cit la vector riéng bén phai cta A:
M=(a, ... ,ay) {4.58a)

gil-A)a; =0 véimoi i=1,2, ... ,n. (4.58b)

10 TR .
Vidu 23: Cho ma tran A= [3 2] . Ma tran nay c6 hai gia trj riéng la

det(g/-A)=(g-1)(g-2)=0 = g,=l vd  g,=2.

Tiang tng véi hai gia tri riéng doé 14 hai vector riéng bén phai
0 O 1
(g.1-A)a;=0 = [ ]g1=£l = Q_1=[ ]
1 0 0
(g-_gl—A)a_2=Q = [ JQ:}_:Q. = Q_:),:[ ]

va hién nhién hai vector dé déc lap tuyén tinh véi nhau. Do vay ma tran modal

1 0
M= a) =
a; ag) [_3 1)

khéng suy bién vi ta cb

M_1_10
31}

Suy ra
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S,y o1 O)(1 OY( 1 OY_(1 0)_ . '
M AM ”[3 1)(3 2)[-3 J—(o 2] diagle, £3). 0

-2 2 -3
Vidy24: Matran A=) 2 1 -6/ c6cac gia trj riéng
-1 -2 0

det(@l-A)=-g*-g"-21s+45 = (g+3)*(g-5) = 0
= E1=82=-3 va g3 =5.

Nhit vy A c6 mét gia tri riéng g, = —3 bdi 2 va mét gia tri riéng g4 = 5 1a nghiém don.

Ung vdi g, = -3 bdi 2 c6 2 vector riéng doc lap tuyén tinh la nghiém cia

1 2 -3 a; al+2az—303 =0
A-ghDa={2 4 -6jjay}=0 =S 2a, +4a; ~6ag =0
-1 -2 3 )\aa -a, -2ay +3ay; =0
< 4, = -2a,+ 3ay.
-2 3
- a, = 1 . aos = 0].
0 1

Con lai, ing vdi ga = 5 la vector riéng

-7 2 -3 -1
(A-gallaz =2 -4 -6la3=0 = a3=[-2|.
-1 -2 -5 1
Suy ra
-2 3 -1
M=(a, a3, 83)=1 0 -2|,
0 1 1
-2 4 6
M=l 9 5
8lo1 -2 3
Vay
-2 4 6)(-2 2 -3)(-2 3 -1
Milam =1 2 slj2 1 -6]|1 o -2
8121 2 3)l-1 -2 o)lo 1 1
-3 0 0
=| 0 -3 0|=diag(-3 -3 5) 0
0 0 5
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Qnay lai bai toan thiét k& bé diéu khién R. Xét d6i tuogng

dx
—==Ax+Bu
dr xtbu
¢ A 12 ma tran gidng dudng chéo. Goig; , i=1,2, ... .n la cac gia trj ridug va M 13 ma

tran modal cia A. Dat bién méi

x=Mz
ta sé thu duge md hinh trang thai tugng tuong cho déi tugng (hinh 4.31a)
9z _ M 'AMz M 'Bu
dt
gl ces 0
=Gz+M 'Bu trongdé G=M 'AM=|: -. ! |= diag,)
0 PR gn '
) k)
u z z x u 2 z x
—| B |siv "o [ M |5 —>| B M oS [l M LS
G G
8-
c) d
u

us]
El
e
o I~
I~
X
It
>+
)
EI
‘ ;IN‘
o~
VlN
X
"lH

5
[
P
| 9]
i
=

Hinh 4.31: Minh hoa phuang phap thiét k& modal

Vi viéc chuyén déi trang thii uhd ma tran modal M nhu vay thi mach phan hbi
chinh ta ma tran dudng chéo chita cac diém cuc cha hé. Do d6, muén hé théng nhan tat
cA cac gia tri cho trude s; , i=1,2, ... ,n lam gi4 tri riéng ta chi cin néi song song véi G
mdt khéi khéc ¢6 S—G (hinh 4.31b), trong do

$ 0 -+ 0
0 sy o O

S=1{. "2 U |=diagy. (459
00 s,
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Dinh ly 4.3: Hé véi so ¢ khdi mé ta 8 hinh 4.31b c6 cac diém cyc la s; , i=1,2, ... ,n.

Chung minh:
T s¢ dd khéi cia hé ta c6 mé hinh trang thai

% = (G+S*G)z_+M_1Bli = Sg+M_lBy_

o M '%E-_sM e M By
dt
dx -1
=3 d—;=MSM x+ Bu

Do dé hé sé cé cac diém cuc 13 gia tri riéng cua MSM™ !, Nhumg gia tri riéng cua
MSM! ciang 14 gl tri riéng cua S vi MSM ' va Slahaima tran tiong duong (xem lai
tinh chat gia tri riéng clia ma tran d trang 129) nén hé sé cé cac diém cyc la s; , i=1,2,
. .n (ciing la cac gia tri riéng ciia S). : (]
Viée cdén lai 1a phai dua hé trong hinh 4.31b) vé dang thuc hién dudc, tiic 1a vé dang

ma diém héi tiép phai la diém trang thai x va ddu ra cia khau hdi tiép phai két hgp

duac véi 1. Ap dung quy tic vé dai s6 so dd khai (muc 2.1.3, trahg 69), trude tién dé dang
c6 ngay sd d6 khéi nhu hinh 4.31c), vi M la ma tran khéng suy bién.

Dé tiép tuc, ta chuyén diém héi tiép téi trude khau B, Vau dé sé rat don gidn néu B
la ma tran khéng suy bién. Khi dé ta chon
T=M"'B'=8"'M . ' . (4.60)
la duge va bb diéu khién phan hdi Am R khi dé sé 1a

BR=-T(S-G)M . (4.61)

Vi du 25: (Trudng hgp B khong suy bién)

Xét dai tugng 6 md hinh
dx (01 10
—_— = x+ i
dt 0 2,7 0 2)”

B dién khién R phan hdi Am trang thai phai duge xac dinh sao cho ma tran hé
théug ctia hé mdi nhan s, = s,= -1 lam cdc gia tri riéng (didm cuc chia hé). Trude tién tir
mé hinh déi tugng ta thay déi tugng cé cac diém cuc g,=0, g,=2.

Vdi g, =0 thi

0o -1 1
(§11-A)a,=0 = (0 2)9_1=(_). = _a_1=[ J



Tuong ty, véi g,=2 ¢o

2_la-O = a‘l
o o)~ =l )

Vay ma tran modal cta déi tugng la

11 1 (1 =05
M= = M=
@ 2 (0 2] = [0 o,sJ

Ngoai ra con cé
(S-—G)=_1 0 _0 0=—1 0
0 -1 o 2 0 -3
B=10 - T=B_lM=—l-20 11=11
0o 2 20 1/i0 2 01

R=-T(S-C)M " =— 1 1) -1 0)(1 -05)_(1 1
0 1)JL0 -3Ji0 05 0 15)

Véi b diéu khién R trén, ma tran hé thong cia hé kin

wom= 006 26 B )

s€ ¢6 cac gia tr ridng s, = 5,= —1 diug nhur yéu cdu ciia bai toan dit ra. 0

va

Suy ra

Song n6i chung do B khéng phai la ma tran vuéng (B o » hing. r ¢t vdi n>r) nén
tich M™'B ciing c6 » hang, r c6t va do d6 khéng thé tinh T theo (4.60). Néu nhu ring tich
M 'B c6 hang 14 r thi ta c6 thé gia sit riing r vector hang déu tién cia né 1a déc lap tuyén
tinh. Pidu gia st nay hoan toan khéng lam mat tinh chat tong quit cua phuang phap vi
tich M 'B phu thuge vao M nén lic ndo ta cling cé thé sip x&p lai thi tu cac vector riéng
bén phai ctia A trong M dé c6 duge r'vector hang diu tién trong M 'B 1a doc lap tuyén
tinh. ‘

Khi M 'B c6 r vector hang dau tién la déc lap tuyén tinh, tie la

M'B =[ K, J ' (4.62)
Kﬂ—f‘

trong dé K, 12 ma tran vuéng khéng suy bién bao gém r vector hiing déu tién cia M_IB,

thi thay vi xac dinh T theo (4.60) ta chi lay T, 1a ma tran ughich dao cua K,
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T =K' (4.63)

Liic nay, do 7, chi con la ma tran kiéu rxr nén céng thice (4.61) ciing phai dude sita doi

" lai cho phi hgp vdi phép nhan ma tran nhu sau:

R=-T(S,-G, M;' (4.64)

trong 46 S,, G,. la cic ma tran vuéng kiéu rxr dinh nghia nhu sau :

5 0 - O g 0 - 0
0 sy, - 0 0 g, - 0

Sr=l . S:z N E Gr=| . g:z - (4.63)
0 0 - s, 0 0 - g,

2 ar-lis A s . s -1
vi M;!1a ma tran gém r vector hang ddu tién cia M~ .

Dé bidu dién duge cac cong thite (4.62), {(4.63) dudi dang gon hon ta siz dung mét
tinh chét sau cia dai s6 ma tran. N&u

M=(E.1 3 e 5 Qp)
14 ma tran modal cia A, trong dé a; , 1=1,2, ... ,n la cac vector riéng bén phai cua A
itng véi gia tri riéng g; , i=1,2, ... .n clané

g /-A)g; =0

thi khi bién déi M ™' vé dang

L
_l_ _] .
M =@, ... ,a,) =|_:
T
by
cac vector b, , ... , b, lai chinh la nhiing vector riéng bén trai cia A dng véi g; ,
i=1,2, ... ,n,ticla
T T e
b; @il-A)=0 vii moi i=1,2, ... ,n. (4.66)

Véi tinh chdlt vita néu trén cGia ma tran A thi rd rang cé
-1

b/ by B
cl To=| o (4.67)
6T B

=r

b7

Ta di dén thuat toan xic dinh by didu khién R dich chuyén diém cyc cho d6i tugng
¢6 hang cua B 1a r va A 1a ma tran giong dutdng chéo, nhu sau:
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1) Xac dinh r vector riéng bén trai b, , ... , b, cla A theo cong thic (4.66).

2) Tinh M;' va T, theo (4.67).

3) XacdinhS,,G,.tirg;, s;, i=1,2, ... ,n theo (4.65)
4) Tinh R theo cong thirc (4.64).

Dinh ly 4.4: B didu khién R tdng hdp theo thuat toan trén chi dich chuyén dige r diém
edc g, , £=1,2, ... ,r trong s6 n diém cyc cia d6i tugug (gia tri riéng clia A) 16i r
gia tri mong mudn s; , i=1,2, ... ,r. Thuat toan khong lam thay déi vi tri cac
di€m cyc con lai cha déi tirgng, tirc 1a hé kin thu duge sé ¢6 cac diém cuc las,, ...,
Srs Bre1s -3 En-

Chitng minh:

Do gia tri riéng ctia ma tran (di€m cyc ctia hé) bat biéu véi phép bién déi tuong
duong nén gia tri riéng cia A-BR cing la gia tri riéng cua

M Y(A-BR)M =G - M 'BRM =G + M 'BT.(S,-G,) M]'M
hT
K , 2
=G+ TIKS G| @y, e s ap)
Kn.-r T
B!
Nhung vi

1 néu i=jf
Q,‘TEJ' = w L
' 0 néu i=j
nén

_ 1
M "(A-BR)M = G + (K ’K_,}(S,—Gr)(l‘, Q@)
n-rir

trong d6 7, la ma tran don vi kidu rxr. Suy ra

4 , I, S, -G, (C]
M (A-BRM = G+ 4 1(8,-G,, @) =G+ _

(KrlArKrl " r Kn—rKrl(Sr ‘Gr) e
5 === 0 0o - 0
_]0 s, 0 0
X X Brel 0
] X - x 0 &n

vai x 1a mjt s8 thye nao dé. Tir dang thidc sau cing ta cé duge d.p.c.n. a



Vi du 26: (Trudng hap B suy bién)

Hiy thiél k& bo diéu khién tinh, phan héi trang thai hoan toan cho déi tugng c6 mé

hinh
dx (0 2 1
—= = x + 7]
d 1 -1)7 0

dé h¢ mdi nhan s,=~1 va s,= -3 lam cac diém cue.
Do B c6 hang 1a 1 vai hang dau tién cia né doc 1ap tuyén tinh (khac 0) 1én thuat
toadn néu trén chi chuyén duge mét di€ém cuc. P6i tugng c6 hai didm cuc la g£1=1 va

£=-2. Ta s& st dung thuat tean dé xac dinh R chuyédng,=1 téis,=-1.

Bay gio ta xac dinh &, 14 vector riéng bén trai cua déi tirgng tng véig, =1

e O

Tiép theo la

§,-G,=-1-1=-2.
Suyra

Mil=(1 1 vi T,.=[(1 1)-((1)”4:1

Dodétaco R
R=-T(S~Gop M;'=201 D=2 2).

Thit lai v6i bo diéu khién R tim duge thi hé kin véi
-2 1 -2 0 -
a-Br=[° 2 |-[te 2= "
1 -1 0 1 -1
1 rang 1a c6 mot diém cyc mdi s, = -1 va mgt diém cyc el gy =-2 . 0

Nhut vay, bo didu khiéu R khéng chuyén dude hét tat ca n diém cycg; , i=1,2, ...

,n cua dbi titgng téi n gia tri méi s; , i=1,2, ... ,n nhu mong mudn ma chi chuyén
dudc r trong s6 ching, néu uhu B cé hang 14 r. Song véi két qua dinh 1y 4.4 thi diéu d6
hoan toan khéng han ché kha nang tng dung cia thuat toan vi hai ly do sau day:

1) Théng thudng, d cac bai wan téng hgp theo nguyén 1y cho trude diém cuc it khi
ngudi ta dat ra van dé dich chuyén tit ca n diém cyc ma chi nhimg diém cuc mang
tinh quyét dinh tdi sy thay dai chat htgng cia hé thong. Néi cach khac, thuat toan
sé duge ap dung truc ti€p cho bai todn c¢o s6 cic di€m cuc phai dich chuyén la r it
hon s6 cic diém cyc von ¢6 cla déi tugng la n.
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2) Trong trudng hdp sé cic diém cuyc phai dich chuyén lai nhiéu hon » hoac phai dich
chuyén toan bd n diém cyc cia déi tugng thi dua viao dinh ly 4.4 uéi ring nhing

diém cyc duge dich chuyén sé la cac di€ém duge sdp xép trong S,. cang nhit trong G,

va thuat toan khong lam thay déi vi tri nhitng diém cuc con lai, ta cé thé Jan lugt
thuc hién cac budc nhu sau:

a) Sif dyng thuat toan da néu dé xac dinh b diéu khién R, nham dich chnyén r
diém cucg; , i=1,2, ... .rtéis;, i=1,2, ... .r.

b) Xem hé théng gom doi tugng va bg didu khién R, da tim duge nhu mét dai
tigng mdi. Vay thi déi tugng mdi nay sé c6 cac diém cucla s, ..., s, &4,
s - s & - Sdp xép lai cac diédm cuc, ch:ing‘han nhu theo thu tu g,, ...,
En-rs S neyils - s Sy roilaist dung thuat toan mot lin nifa dé tim b
diéu khiéu R, thit hai nhidm chuyén r trong s& n—r diémn cucg,, ..., En—r 81
cac diém mdi s, ... , 5,,_, (hinh 4.32).

¢) Cit nhu vay, ta thite hién bude b) nhiéu lin dé co duge cac bd didu khién R,
16ng nhau cho t8i da chuyén duge hét ti't ca cac diém cuc. Cach téng hop nhitng

bd diéu khién R, 1ong nhau nhu vay dudge goi la didu khién cascade.

i
1
)
1
1
)
]
]
L
)
L]
[}

D&i tugng mai

vy

Dol tugn,
didu khién

"Hinh 4.32: Nguyéntdcténghgp | 1oeoooooo e MR '
b6 didu khién cascade.

Vi du 27: Hiy thiét k& bj diéu khién tinh, phan héi trang thai cho d6i tugng ¢6 mé hinh
g - 0 2 x + 1 N
dt -1 3,7 10

sao cho hé méi nhan s,= -1 vd s4= -2 lam cic didm cuc.

D&i tugng c6 hai diém cuc 1a g,=1 va g,=2. Do B c6 hang Ja 1 véi hang dau tién
cia né doc lap tuyén tinh (khac 0) nén phuong phap medal truc tiép chi cé thé chuyén

duge nhiéu nhit mot diém cyc. Trudc tién, ta sé chlly611g1=1 téis,=—1. Theo {(4.63):

§,-G,=-1-1=-2.
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Vector riéng bén trai b, cha d6i tugng ing véig =1 la
1 -2
b7 (g 1-4) =0T = 47 =0T = b=
: 1 -2 -1
Suy ra
-1
M= -1 vai T, = [(1 —1)-[1)} =1
Do dé6 ta cé R,
R =-T(8,-GyM;'=2001 -1)=2 -2).
Thif lai véi bo didu khién R tim duge thi hé kin
0 2 1 -2 4
A-BR, = -l le -2=
=5 -3
c6 cac gid tri riéng s,= -1, 5,= g, =2. Nhu vay R, méi chi chuyén g,=1 tdis,=-1 con
£+=2 thi khéng.

Xem h@ kin gdm d6i tugug da cho va by didu khién R, vira tim duge nhu mét dai
tugng mai thi d61 tugng nay cé6 mé hinh

dx (-2 4 1
—= = x+ 1) T —
dt [-1 3]- (o) - T

N6 c6 hai diém cyc g,= 2, g4 = -1. Ta s tim R, d€ chuyén nét g,=2 téis,= -1.
Trutde hét ta tinh

4 -4 1
b (g.1-4) =0" = 93‘[ }=QT = g[ J

1 -1 -4
Vay
NE
M'=( -4 v T,=|:(1 —4)-(0” =1
Npgoai ra
§,-G,=-1-2=-3.
Suy ra

R,=~T(S,~G)M;'=301 -4)=(3 -12).
Thu lai véi ba didu khién Rs tim dugce thi hé kin
-2 4 1 -5 16
A-BR,= - 3 -12)= L
- -1 3 0 -1 3
rd rang co cic gia tri riéng s, = s,= -1, A

ou



4.6.5 Phuang phap modal phan héi tin hidu ra

Trong phin nay ta sé ban téi bai toan thd hai da duge dua ra d muc 4.6.1 (hinh
4.28b, trang 338). P4 1a bai toan tim bé didu khién R phan héi diu ra cia d6i tugng

dx
—==Ax+Bu
dt -
y=Cx
trong do Aelknxn, BeZRnxr, Cer™™" sao cho ha kin thu dude v61 md hinh
d
o - (A-BRC)x+Bw
dt
y=Cx
-l
c6 dutge cac diém cuc sy, ... , sy, la nhing gia tri cho truge.

DPé thiét k& bo didu khién modal phan héi dau ra R, tic 1a tin hiéu phan hdi vé

khéng phai la vector trang thai x'ma-la veetor tin hiéu ra y, ta eiing bat ddu vai thuat

toan tim bd diéu khién modal phan héi trang thai R, da trinh bay d muc 4.6.4 , réi sau
Y T N - N . Xg . .

do tim cach chuyén diém hoi tiép tit x vé ¥ nhd ma tran QeRn & (hinh 4.33). Ma trin @

phai théa man

QC =1 (4.68)
/// I\\\\
w o 2 z x Y
B M f > M T C —1—>
- | |
G j I
1 i
Hinh4.33: Phudng phap thit k& b
modal phan hoi dau ra. R, g - e oo "(*: Q _1!

Néu C khéng suy bién thi ta dé dang cé duge
Q=c '

Khi C suy bién, ma didu nay thusng gip phai (vi C 1a ma tran khdéng vuéng, cé n
hang, s c6t). ta phai tun @ bang cich giai hé phitong trinh (4.68) véi n® phuong trinh cho
nxs an s6 14 che phan ti cua @. Nau s2n thi ¢é thé (4.68) con gidi duge, song ngude lai
khi s<p hé phuang trinh (4.68) ta v6 nghiém. Trusng hop (4.68) vé nghiém lai thuong
hay gip ¢ cac bai toan diéu khién, vi néi chung s bién trang thai ciia d6i tigng bao giv
ciing nhién hon sé cac tin hidu ddu ra cia né.
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Ngudi ta danh phai chdp nhan mét giai phap dung hda hon 1a khéng tim @ thaa
min (4.68) ma thay vao dé la
cQe=cC. _ (4.69a)
Phuong trinh trén lie nao ciing c6 nghiém @, tham chi la v s¢ nghiém. M6t trong cac
nghiém 46 1a :
@=c’icchy! | (4.69b)
Tit day ta c6 thuat toan tim R gém cac bude nhit san:
1) Su dung thuat toan modal phan hdi trang thai di cho trong muc (4.6.4) dé tim bd
diéu khién R, (c6 thé la gom nhiéu by didu khién 16ng nhaw).

2) Tim @ thoa man (4.69a). Cé thé xac dinh @ theo (4.69b).

3) TimhR=R,Q (4.70)

Song mat didu cAn chu ¥ 1a hang clia @ théa man (4.69) khéng 16n hon hang cha C,
tée 12 khang thé 16n hon s, nén hang cia b dién khién R tinh theo (4.70) ciing chi ¢6 thé
nhidu nhit 1a s. Diéu nay néi rang bé didu khiénu R khéng thé chuyén hét duge  diém
cdyccli g, ... , &y (12 gia tri riéng cia A) téi n vi tri méi s,, ..., s, (la gia trj riéng
cua A—BRC) ma nhiéu nhat chi c6 thé 1a s trong s6 chiing.

Thuat toan trén con ¢6 mdt nhude diém 16n han ch& kha nang dng dung so vdi thuat
todn tim R, phdn héi trgng thai la cic diém cuc khoug dude dich chuyén ciing bi anh

hudng. Chinh xac hon la chung cang duge dich chuyénn “song Khomg-téd datge vi bri c da chon
trude. Nguyén nhan nam d ma tran @ da duge tim theo (4.69). T

Vi du 28: Xét dot tugng ¢6 méd hinh

4 '3 2 1 1 0
91y 1 alz+l-1 olu
dt

-2 -2 -4 0 1

100
= X
70 1 0)*

-9 -5 -1 .
R.=
* ( 3 -3 —3) |
hé kin thu duge ¢ cac didm cuc

$,=-2,85,=-3vas,=—4

Dé chuyén bi diéu khién phan hai trang thai B, thanh bg diéu khién phan héi dau
ra theo (4,70) ta phai tim ma tran @ thoa man (4.69).
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Tim @ theo (4.69b) ta dutgc

"1 1

-2 -1
1 O

Q=cTcechy 1=

va bd diéu khién R phan hdi ddu ra la
: g -5 -1 1 1! 8 -4
R=R, Q= 2 —2 -1]= .
* -8 -3 -3 o 0
1 0
V4i bd diéu khién R phan hdi diu ra 6, hé kin ¢6 md hinh

d 11 6 1 1 0
X _(A- BRC)x+Bw— 10 -5 4 |x+|-1 O|w
-2 -2 -4 0D 1

va cac diém cye la 5,= -2, $y=-3, s3= -1, Nhu vay diém cuc 54 da bi dich chuyén mét

cach khéng mong mudn tir vi tri cit -4 tdi vi tri méi -1. a

Do khéng ki€m soat duge cac diém cuc khong duge dich chuyén nhu viy ma cing
khang st dung duge nhidu lAn thuat toan tim R phan hdi ddu ra nhidm tao nhitng b
didu khién cascade giong nhu’ 3 phuong phap phan héi trang thai. Hou nita ciing vi
kll@nngm—so&dﬂdc cac diém cyc con lai nén rat cé thé chung lai bj di chuyén téi
nhimg vi tri bat lgi cho\Hﬁtﬂe}ng\b\e théng, chdng han uhit sang phia phai truc ac. Do
d6 thuat toan khéng cé ¥ nghia ing ding- Da ¢6 nhiéu cd ging can thiép thém dé tang
hon nia s6 cac diém cx,ic dirge dich chuyén (cing véi né sé giam sd diém cye khong kiém
soat duge), vi du nhu phuong phap cia Kimura (xem tai lieu AC-20, 1975, trang
509-516) cho phép chuyén dich duge t6i da min{r+s-1, n)diém cuc. Nhing néu da
khéong chuyén duge hét n diém cuc thi ¢6 nghia vin con cic diém cyc khong kiém soat
duge va do dé6 sy c§ gang dé cing la vd nghia.

C6 18 khi duc dén phin nay, mét sé ban doc s& 6 cau hdi la tai sao khéng xac dinh
@ gidng nhu T, khi phai chuyén tin hiéu héi tiép vé tii sau ra trude khoi M~ '8 & thuat
toan thiét k& bo diéu khién phan hdi trang thai. Tiic la ciing chia CM thanh

L
CM =( y J
Ly-r
vii gidi thiét rang € cé hang la s va tich €M ¢é s vector hang diu tién la ddc lap tuyén
tinh. San dé xac dinh @ la
Q=L
Ta s& thiy cach suy nghi tu nhién dé s& din dén trudng hop 1a véi bé didu khién R tim

duge hé kin 6 diém cucla gia trl riéng cua (xem lgi 16i ching minh dinh 1y 4.4):

363



8y 0 x X

_ ' o - X X
M Y(A-BRC)M = Sm

X X Bt 0

b P » 0 - gn

véi x 1a mot 86 thye nao dé va m=min{r, s}. N6i cach khic, né sé khéng c6 duge cac gia
tri riéug sy, ... , s, nh bai toin dat ra, tham chichilas,, ... , s, dbai toin chuyén
m diém cue trong sé n diém cho trude cing khéng duge (ma tran v& phai khong phai la
ma tran tam giac). ' '

Cuéi ciing, ta khéng nén bi quan la s& khéng c6 bé diéu khién gan diém cuc nao lam
viéc theo nguyén 1y phan héi tin hiéu ra. Vi dy, don gian nhat la ta vin c6 thé sit dung
b6 diéu khién modal phan hdi trang thai, cdng thém cic bd quan sat xac dinh trang thai
x tif uhitug tin hi¢u vao u va ra y, 1a ta da c6 b diéu khién phan héi tin hidu ra y lam
vide gidu tiép theo nguyén 1y gan diém cyc (hinh 4.34). Nhimg thuat toin thiét k& cac bé
quan sat trang thai s& duge trinh bay sau é muc 4.8.

w u B4l tvgng g-_/’
| diéu khién P
—-— /;’
Hinh 4.34: Diu khi€n phan hdi d4u ra pho bo_— X 1 Bd& quan sat (——-I
quan sal trang thai. ; Rx frang thai

4.6.6 Nang cao chat lugng biing bd tidn xit Iy

O cac muc trude day ta da nhidu lan dé cap d&n van dé sai léch tinh trong hé héi
tiép. Sai léch tinh nay vin c6 thé tén tai ngay ca khi hé kin 6n dinh. Diéu nay gay nhing
khé chiu khi sit dung la tin hiéu 1énh w(?) duge dita ra dudi dang mét hing s5. song hé
théng lai ¢6 dap tng y(¢) khéng gidug tin higu lénh (trong ché dé xac lap), tic la né
cling da tién dén mét hing s6 nhumg khac vdi hiing s8 tin higu lénh, .

DE loai bo sai 1éch tinh ngudi ta thudng tién hanh mat trong hai giai phap:

- Tao cho hé hd c6 thanh phén tich phan (mye 3.5.3, trang 254).
-~ Sl dung thém b6 tién xi1 1§ V (hinh 4.35).

Trong khi giai phip thit nhit duge ap dung nhiu & hé SISO thi giai phap thi hai
kha thich img cho ha MIMO. Diic biét khi ma bé didu khién R dude thiét ké theo phuang
phép gan difm cuc va viéc dua thém vao hé hd khau tich phan d din téi nguy cg lam
thay déi vi tri cac diém cuc da duge gan thi giai phap thit hai cAng cé tinh wu viét.
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Mbt didu chd ¢ thém & diy 1a ta si dung k¥ hidu V (ma tran) d& chi bo tién xd Iy
chu khong phai M nhu da dung trong muc 4.3.5 hay 4.5. Pon gian chi la vi ky hiéu M d3
dwrge su dung cho ma tran modal.

(=)} b)

w2 | psitugn Péitugng |= ¢ <
diéu khién -

_'T—" disu um-’?\ "
' R |e R le

Hinh 4.35: Loai bd sai léch linh bing bo lién xr1y.

Gia su rang déi tugng dude mé ta bdi (hinh 4.35)
dx
—==Ax+B =Cx
dt rroe Y X

trong dé Aeknx", Be Ran, Cer*™ . D&} tugng duge diéu khién theo nguyén 1y héi tiép

baug bé didu khién R (tinh). Tin hiéu phan héi vé ¢ thé 1a trang thai x nhung cling 6

thé 1a ddu ra v . Trong ca hai tritgng hap, hé kin chuta ¢6 bd tién xit 1y V s& c6 md hinh
dx _ ~

—== Ax+Bw , =Cx

de——EEE . Y TR

—

troug dé

-~ |A-BR néutinhiéuphanhdilax
- {A -BRC néu tin higuphan héila y
Vay thi ma tran truyén dat cua hé kin khéng c6 bé tién xi Iy (hinh 4.35a) sé 14
Y =ClsI~ &) ' BWGs) = Go)W(s).
= G =C(sI-A) 'B.

Néu nhu bd didu khién R da duge thist ké sao cho hé kin én dinh (cac gia tri riéng
nidm bén trdi truc o) thi ma trén (sI- A ) s& khéng suy bién trong toau bé mién hai tu
cua tich phan Laplace (bén phai truc 30), do @6 ma tén tai (sI- A y L

Khi duge né: thém b tién xi 1y (hinh 4.35b) quan hé vao ra cua hé s 1a

Y(s) = Ge)VWis).
Nhiém vu cua bé tién xit 1y 1a phai lam sao tao ra dugc u'n‘ hiéura y(t) ¢ ché do xac

lap gidng nhu tin hiéu 1énh ddu vao w(z), tic la
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= lim s¥(s)= lim sQ(s)V%’—
oo t—=a V_°°_ S 5= S

ey =60V

Y. = lIim Z(‘) = lim w(t)=wew =1 ¥y

= GOw =1 vi ¥y, = W)

Khi hé théng cé &8 cac tin hiéu ddu vio ra bang nhan thi G(0) 1A ma tran vuéng.
Gia thiét thém G(0) khong suy bién. Vay thi b dién khién tién xu Iy V sé 1a

v=G'm=IlCc-A4) 'BI"*

o= {Vz[C(E:R—zcx)“‘B]"1 néu tin hidu phan héi la x (4.71a)

v=[C(BRC-A) 'B]! néu tin hiéu phan héila y (4.71h)

Vi dy 29: Trong vi du 27 ta da thigt k& bs diéu khién phan héi trang thai B cho déi tuong
c6 mé hinh

dx 0 2 1
—_— = + , ={1
dt [-1 3]1—‘ [0]“ Y= bx

B diéu khién R do gom hai bé diéu khién R, va R, 16ng nhau (hinh 4.32) nén

— e

T——

R=R,+R;=(2 -2)+(3 -12)=(b -14) =
Cing véi R hé kin dude mé ta béi . .

dx (-5 16 1
== -+ 5 =(1 1
di [_1 3]5 (OJw ¥y=Q1 Dz
Hinh 4.86 duéi diy biéu dién ham dap g y() ctia hé kin khi duge kich thich bai
w(t)=1(f) cho hai trudng hgp khéng c6 va cé b tidn xu 1y xac dinh thee (4.71a)
V=[C(BR¥A)—'B]_1=_TI. o

4 h(?)

\ Khong cb b tidn xir 1y *
2k \ SUUHRUR RLCI K20

L AN

Hinh 4.36: Minh hoa vi du 29, h
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4.7 Bb diéu khién t&i wu
471 Xac dinh tham sé t&i uu cho bd didu khién

Xét he SISO, lam viéc theo nguyén ly héi ti€p, gdbm ddi tugng S(s) va b didu khién
R(s) c6 ciu tric xace dinh, tham sé ty do (hinh 4.37)

by +bffs+ - + s

R R

R(s)=
aff +affs+ - vafs?

(bac p, g 1a cho trudc)

Nhiing ky hiéu R trén cac tham s6 khéng c¢é ¥ ughia luy thita ma chi muén néi ring cac
tham s& d6 thuéc vé b didu khidn.

’ n, '
RSN R [ 56) Yo

Minh 4.37: Nhiém vu bai toan xac dinh tham 56 t5i (. ng
—CO—

Bai toan ¢6 nhiém vu xac dinh cac tham s& cta bd didu khién bf ,af ,i=0,1, ... ,q,

£=0.1, ..., p sao cho tin hidu ra y{¢) "bam" dugc vao tin hidu 1énh w(t) mdt cich tot nhat
g
theo nghia S~

.
~—

Q =) - 3} = e -=r-mint_ I (4.72)

Gia st rang hé kin 6n dinh. Goi E(s) 13 anh Laplace cta e(f):

. m
E(s) = bo +b‘[S+ +bms

ag+aq s+ - +aps’

vay thi E(s) 13 ham bén (muc 1.3.4, trang 23) va khi thay s bang jw trong E(s) ta sé cb
dude anh Fourier E(jw) cla e(?). CAc tham s§ caa b; ,a, ,i=0,1, ... ,m, k=01, ... , n cla
E(s) dudc Linh tir d5i tuong va bé diéu khidn trong trudng hop w(t)=1(f) theo cong thie:

1 1

B = I Sore s

Néi céch khac cac tham s8 b; , ap , i=0,1, ..., m, k=0,1, ..., n cila E(s) phu thugec vio bd

tham sé& biR . cE ,i=0,1, ....q, £=0,1, ..., p cAn xac dinh ctia b didu khién.

Van dé mau chét 14 1am sao tinh dude @. Mot phiuong phap tim @ theo Krasowski
da ditge trinh bay 8 trang 255. Nhung néu su dung céng thic Parseval (dinh 1y 1.1,
trang 42) thi tidu chudn t61 un (4.72) con trd thanh
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Q=le@®l,= 1 J'}E(jm'2 dow — min'.
2z
Dat bién méi s=jw
1 Jo
Q=—— [E(s)E(-s)ds (4.73)
2nf -
s
Do dé v6i phudng phap residuence nham xac dinh tin hidu tit danh Laplace ctia 16 da
dugc trinh bay trong muc 1.3.2,\§rang 17, dic bidt 1a vi du 22 va vi du 24 cua chudng 1,
trang 19, 20, thi § trong céng thﬁc\(4.73) sé duge tinh mét cich don gian hon nhu saw
. 2 N o ~ - N . .
— Xac dinh tét ca cac diém cyc sk\c\ua E(s). Do E(s) 1a ham bén nén tit ca cac diém
cyc ciia n6 phai nam bén trai truc-go.

- Tinh @ =¥ ResE(s)E(-s). AN
k Sk

Dua vao thuat toan tinh @ theo (4.73) gdm hai bude nhu trén ngudi ta da xac dinh
duge cho mét s6 trudng hgp dac biét:

1) Khim=0va n=1, tic la -

by by

E(s) = . thi Q= ) (4.74)
ap +a,s 2(10(11
2) Khim=1 va n=2, tic la
b ) b2
Ee=—t070% gy =l by (4.75)
ap +a)s+ags” 2apa,ay
3) Khim=2 va n=3, tuc la
o
Es) = by +bls+ﬁ2.~. g
ap +a;s+ays” +ass’
thi
2 2 2
Q= biaga, +{bj - 2bgby)agas +b0a2a3;ah (4.76)

20003(&102 —Gpay )

Viée xéc dinh biR ,af =01, ... .g, k=01, ..., p c6 trong cac hé sd b;, a}, I=0,1, ...

,m, k=01, ..., n sao cho @ dat gia trj nhd nhat cé thé duge tién hanh theo phuong phap
tim kiém timg bude (xem thédm tai lién [12] vé cac thuat toaun chuyén dong dén cuc tri) ,
hoac phuong phép giai tich, chdng han nhu xae dinh nghiém cia

8 o, M0 vsimoii=01,...q,k=01, ... .p. 4.77)
mE fal
i “k
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Vi du 30: Cho hé kin gdm d8i titgng quan tinh bac 3 va b didu khién PI (hinh 4.38). Hay

xac dinh cac tham sd kyva Ty cia bo didu khién PI theo nguyén ly t&i wu (4.72) dng vai
kich thich w() = 1(¢).

w(t) e (1 1 k }'(t)_
— p( +?1_S) 1A+ Ty8)A + TosK1 + Tys) -

Hinh 4.38: Minh hea vi du 30

Hé hd ¢6 ham truyén
kpk(l +Tys)

Gp(s) = S()R(s) = '
B R T Ty )1+ Tom (1 Ty

Chon Ty = T, d€ b méot hang s& thai gian cda d6i tugug. Khi dé G (s) tré thanh

k R
Gh(S)-_- o 3 vai = L
s+(T) +Ty)s™ + [ Tiys T
”
s Be=—t L. LeisTosi BTys
1+Gp(8) 8 k+sT +Ty)s* +T1Tos

St dung cong thic (4.76) véi
b0=1 » bl = (T]"' Tg), b2= TIT“.”

~ A
ag=k,0,=1,a,=(T)+ T,) va a2=T{T2

ta duge \
Q= biaga, +(bi —2byby)agas + bf‘,agas =\§A2 - B)IE+ A
2&003(0] ag — 0003) 2(A - Bk
trong d6 cac hing s6 A, B la \
\
A=T+T,, B=T,T, \
St dung phuong phap giai tich (4.77) dé tim E ta digc
2
i@- =0 < E* 4+ ,‘?‘A k- ‘,A =0
ok A -B (A - B)B

Suy ra (chi ldy nghiém £ duong)

2
k= __)A ~1+ 1+A‘ -8B n+ T . 0
B (T, +To)y T T + T2

A -8B

k1)



4.7.2 Thiét k& bd didu khién (tinh) t8i uvu phan hdi trang thai

Cho hé ¢6 mé hinh
%=A£ + Bu Aer™" Ber™" (4.78)

Théng thuimg, nén hé an dinh thi khi khong bi kich thich hé sé luén cé xu hudng
tién vé diém trang thai 0 {qua trinh tu do tat dan). P6 1a diém trang thai ma khi khéng

PP 1A .- A =2 5 C e o d . . ..
¢b tac dong tix bén ngoin (z=0) hé s& nam uguyén tai dé (E% =0). Nhing diém trang thai

ma hé sé nim nguyén tai dé khi khéng bi kich thich duge goi la diém can bing
(equilibrium point). Nhu vay ro rang diém trang thai can bing phai la nghiém caa

Ax =0
va néu c6 gia thict A 12 ma tran khéng suy bién thi hé tuyén tinh (4,78) Juén chi c6 mét
diém cfin bang 1a gée toa 46 0. \\

Xét bai toan tim bd diéu khién l\? tinh, phan héi trang thai (hinh4.39) d€ dién khién
d6i tugng (4.78). Nhiing phudng phé[\] tim R sao cho hé cé duge chit lugng phan anh bai
vi tri diém cuc da dutge md ta trong m\lc 46.0 day ta sé lam quen vdi moét phuong phap
thiét ké khac sao cho san khi bj nhiéit danh bat ra khoi diém cin bing (hoac diém lam
viéc) déu mot diém trang thai x, nao dé\ b6 diéu khién R sé& kéo dige hé tit o vé goc toa

d6 0 thay diém lam viéc cii) va trong qui trinh tré lai nay sy t8n hao niang lugng, danh
Y

gia bai phiém ham muc tiéu \\
_1%r T \\
Qx. w = ij Ex+u' Fuldt \ (4.79)
0 h .

13 nho uhdt. Bai todn nay con co téu goi la LQR}N{ar quadratic regulator).

Dé bai todn ¢6 nghiém, trong (4.79) ma tran E dude gia thidt 1a ma tran ddi ximg
xac dinh khéng am va F1a ma tran d61 ximg xac dinh dudng, tic la

ET=E ’ a_TEg_ 20  vdi moi vector g

ST .- .
F'=F , a" Fg 20  vd moi vectorg

a'Fa =0 khivachikhia=0.

(I
=

9% _Ax+Bu
dt

v

Hinh 4.39: M5 13 phiém vy bai toan vai bb digu khién
phdn hoi dvang R

A
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Vi dy 46: Cho hé mé ta bai ham truyén dat

5

1+2Ts+52

Gia st rang trong tin hiéu ddu vao u(f) c6 1An uhidu n(f) kiéu bu céng vdi nang lugng

G(s) =

[n@® |2 < 0,4. Hay xac dinh su anh hudng ctia nhidu d6 déi v6i tin hidu ra y().

Goi thanh phin uhiéu c6 1dn trong dan ra 1a v, () thi theo dinh ly 3.48 ciu c), nang
Iugng cua thanh phan dé sé duge danh gia bai,

lya@®1z = IGllln®]z <0.4|G}=

Thay |G |«= 2% (xac dijuh nhd bidu db Bode) ta duoe |y, ()], < %

Dé danh gia |y, {t)] = ta sit dung dinh 1y 3.48 cau a)

17,0l =1GE@ s In®)]2< 0.4] GG | -

Thay |G(s)|.= \}_ (xac dinh nhg phudng phap Krasowski — xem vi du 41) ta dudc
24T

0,2
Hyn(t)“": < = o

5

3.6 Phan tich hé khong lién tuc

Trong phén nay ta sé phan tich cac hé théng tuyén tinh cé tin hidu ddu vao khéng

lién tuc dang xung {1, } da duge dua qua khau ZOH thanh #(¢) dang lién tuc-rdi rac va

tin hiéu ra { v, } 1a khéng lién tuc dang xung. Hé cé thé 1a MIMO hoac SISO.

Muc 2.4 cua chudng 2 {traug 151) di cung c¢dp nhiing hinh thai khac nhau mb ta hé
théng d6. Hai hinh thai cd ban trong s8 chiing la:
1) He SISO véi sd dé nguyén 1y cd ban nhu §
hinh 3.50 sé ¢6 ham truyén dat

-1 G{(s)
- G@)= z-t —_
G@) = 3713{@] () . 3 . }
bo+bjz+ - +b,2" B ‘
=(10 +C::Z+“‘+Cl 2" ’ {Ek] u(t y(t) [Zk}
o ! —>Gzopls) G(s) >

trong do z =e*Ta vy T, 1a chu ky trich
méu tin hiéll, tite ]ﬁ y_k - g(kTa) Cflllg Hinh 3.50 SUdO khéi hé khdng lién tyc.

nhu ¥, =Z(kTa) .
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2) M5 ta vdi mé hinh trang thai: Ciing 6 muc 2.4.4 thudc chuong 2, trang 161 ta da
duge biét 14 hé MIMO véi tin hidu vae #(t) dang lién tyc-rdi rac

B()= uy =ukT,) khi kT, <t<&+1)T,

va tin higura { y, | dang xung s& dugc mé ta b1 mé hinh trang thai

Zpy1 =Axy + By,

TR (3.92)
¥y, =Cxy + Duy,
Né&u nhu trude khi trich mau tin hiéu ddu ra hé c¢6 mé hinh lién tyc
d—'{ =Ax+Bu
de  OETER (3.93)
y=Cx+Du

thi gitia cic ma trin A.B,C,Dcha (3.92) véi A, B, C, D clia (3.93) cé mdl quan hé
(xem lai muc 2.4.4):

AT, eMyt.B, C=C va D=D. (3.94)

x?—e N E=

=) '-—-ugﬂ

Véi hé SISO thi tit mé hinh trang thai (3.92), trong d6 u, duge vidt thanh zj va y .

thanh y, vi cac vector &, Y chi c6 mét phin td, ta s8 suy ra duge ham truyén dat G(z)

bing cach chuyén hai v& cla phuong trinh thit nhit troug (3.:92) sang mién phic nho
toan ti Z, trong d6 ¢6 dé ¥ tdi tinh ché't dich phai (muc 1.4.2, trang 26):

X =AXe)+ BUR = Xe)=(I-4) BUE
sau d6 thay vao phuong trinh thit hai ciing dd duge chuyén sang mién phitc:

Yez)= CX@) + DU@R)=[C(zI- A) ' B+ DU

o GR =X Fer-A) B+D. " (3.95)
U(2) ‘ -
Ngugc lai, ciing véi hé SISO, thi tit mé hinh ham truyédn dat

_by+bz+ - +b,z" By +byz+ - +b, 42"

G@z) = : +d,
ag+ayz+ - +a,2"  aytaz+ - +a,_ 2" +2"
trong do
~izﬂn_, ‘j:O,]’ ver st —1 va d:b_"
aQn an
Ta cé duge
by +byz+ - +by_ 2"
Y() - dUz) =| — 22—+ rl o+ d|UG).

agtaz2+ - +ap_12 +2z

Dit bién trang thai
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X, (@) =Y(2) -dU(z)

ta di dén
X, +a, lX,, + e +allX,, +aOLX,,=U+En_1-1-U+ +’511U+501U
z z z z z z

— 1 -~ 1 1 5
(=] Xn=|:|: "'l:EOU—GQX,'];ﬁ'blU‘—GIX,‘jl;'F . ];+bn_1U—an_1Xn

%———I
Xy
~ —
—
S— X2 o
trong dé

1 e
Xl =;(b0U— aoXn)
X2=-];(X] + E]U—E]Xn)

2

X, =%(X,,4 +ByUra, (X, ).

Chuyén toan bé cac ddng thitc trén sang mién théi gian va viét lai dudi dang ma
tran ta s& c6 mé hinh trang thai dang chudn quan sdt nhu sau:

00 - 0 -a &
1 0 --0 - ay El
Xpo={:or L ol | P ug (3.96a)
00 0 —a, By_g
{00 1 -a,, B,
b9 —_—
A B
y,=(0 0 - 0 1)xp+ Duy vii D=a=2n (3.96b)
k Xk R
o n
c

3.6.1 Qua trinh ty do va tinh &n dinh
Ta mé hinh (3.92) ta suy ra duge (xem lai dinh 1y 2.26, trang 163)
b M xriag
xp=A%zy+ Y A" By,

i=0
Do d6 qua trinh tu do clia hé s8 la (qua trinh tu do 12 qua trinh mé ta hé di tu diém

trang thai ddu x, va khéng bi kich thich):
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Heé 8n dinh khi qua trinh tu do tit ddn. Xuat phat tit mé hinh lién tuc (3.93) ma tir
d6 théng qua viéc trich mau tin higu ta duge mé hinh réi rac (3.92) thi qua trinh ty do
ciia hé roi rac ciing chinh la nhitng gia tri trich miu cia qua trinh ty do hé lién tuc

At
y, ()= CeAt_.go = xlt)=e" "xy
_ LART
=  rp=¢’ vx (3.97)
Ak

(dinh 1y 3.1, trang 176). Do d6 day {x; } tit ddn khi x,(¢) tAt din, hay A 1a ma tran bén.
Néu goi s; 1a mét gia tri riéng cia A thi théng qua quan hé (3.97) hay A= eAT“ ma
z; = eSila |
ciiug la mét gia tri riéng cia A . Bdi vay khi A 12 ma tran bén thi cac gia tri riéng ciia
A phai théa min
bz;l=1 eia | <1,
Ta di dén:
Binh ly 3.49: Hé MIMO ¢6 tin hiéu vao lién tue-rdi rae iZ(t) tin hiéu ra (Zk } dang xung
véi mé hinh trang thai (3.92), s& én dinh khi va chi khi tat ca cac gi4 tri riéng 2; clia

ma tran A niim bén trong dudng trén don vi, tire 1a |zi |<1.

Dic biét, néu hé (3.92) 1a SISO thi do cé quan hé (3.95), da thic miu sb ciia ham
truyén dat G(z) ciing chinh la det(z/- A ). Do dé dinh 1y 3.49 ¢6 dang phat bidu tudng
duong cho hé SISO nhu sauw:

Dinh ly 3.50: Hé SISO c6 tin hiéu vao ra khong lién tuc vdi ham truyén dat G(z) sé on

dinh khi va chi khi t't ca cac diém cuc z; ctia G(z) ndim bén trong dudng trou don vi,

tiela |z; <1,

Trén tinh than néi dung hai dinh 1y trén, dé kiém tra tinh én dinh ciia mot hé

khéng lién tuc, ta chi can kidm tra xem nghidm éda da thice dae tinh det(z7- A) hay
nghiém ctia da thie mau s6 ham truyén dat G(z) ¢6 nim béu trong didng tron dan vi
hay khong. ' '

Pinh nghrta 3.9: Mét da thie

A@@y=apta;z+ - + anzn'
néu c6 tit cd cac nghiém z; , i=1,2, ... , n 'ndm bén trong dudng tron don vj

( |zi [ <1), duge goi 1a da thie duiing iron don vi.
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3.6.2 Tiéu chuan xét tinh 6n dinh Schur-Cohn-Jury

Xét da thic A(z) bacn vagia st z;, i=1,2, ... . n 1a nghiém cha nd. Thee dinh 1y
Vieta, cic hé s8 ciia da thitc A@@) s& 6 quan hé véi nghiém z; cua né nhu saw:

AR) =agtaz+ - +a,2" =ayz-z\)e-2,) - @-2zp)

n a
=a, [z" ~2" ' Yz o+ (D) ]2
i=1 i=1
n n n
= au=-a, Yz, ag=(D'a [z
i-1 i=1
Binh ly 3.51 (diéu kién cdn); Néu da thic
AR =agtaz+ - +apz”
1a da thize duimg tron don vi thi lagl<la,|.
Chitng minh:

n
Tit gia thiét |z; | <1 véi moii ta co [T}z:| <1 nén ciing cs
i=]

I n n

lagl=la, [1z: | =la, I-1 [1zi 1=lap |-[Ti] <lay, |
i=1 =1 i=1

= lagl< |an I O

Cha y: Dinh 1y 3.51 chi la mdt tidu chuéin gitp xac dinh nhanh mat da thic Az) cb

thé 1a da thitc dudug tron don vi hay khéng chit chua dii dé khang dinh né chic chén sé
1a da thic dudng trdn don vi. Vi dy sau minh hoa didu dé.

Vi du 47: Da thic
A(z) =0,8+42+0,22%+ 2% = (2+42))(2-2/)(2+0,2)
¢6 ag=0,8 va az= 1 thoa man |agl<| a;l uhung Jai khéng phai 1a da thde dusng tron

don vi vi ¢6 hai nghiém z, , = +2/ nidm ngoai dudng trén don vi. a

Binh Iy 3.52 (Schur-Cohn): Dé da thic

Agle)=agta;z+ - +a,z" '
1a da thitc dudng trén don vi thi cin va di la
20)<y vi A=Ay - 2L Do)
an ap -

cing la da thitc duing tron don vi, trong dé

_.n =1, _ n n—1
Dy2)=z"Aylz V=ayz " +az2" T+ - +a, jzta,
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Chitng minh:
Xét da thie phu thuée tham sé ¢
Clz,g) = Aglz) - £ Dyl2)

Gia st ring C(z, £) c6 nghiém z ndm trén dudng tron don vi (|z; |=1). Vay thi do

| Do) | = | Apiz;) 1=1 Ag(z) | Z 1a gid trj lién hop cha 2,

| Ag(zp) I=1Apzn) | Ag(zp) 1a gia tri lién hgp cta Ay(zy)
nén ta cé
0=1Ce .0 l= tAgzp |- 11-ct.
Noéi cach khic, khi £ #1 thi moi nghiém z;, vdilz, =1 cla C(z,#) ciing 12 nghiém cia
Ayl2). Ngugc lai, néu z, véi |z;z I=11a nghig¢m cua Ayz) thi do
Ap(zp)

n

2

0= Aglzg) =

= Ag(z3" ) =2} Ao (27" ) = Dofzp)

nén z, cing 1a nghiém caa C(z, £).

Ta di d&€n k&t luan riang véi moi £ 21 nghiém nim trén dudng tron don vi cha da
thiic C(z, £) ciing chinh 12 nghiém cia Ay(z) va nguge lai. Do nghiém cua Ayz) khong phuy

thudc ¢ nén cac nghiém z;, vai |zk =1 cha C(z, &) ciing khéong phu thudc & khi ma £ #1.
Két luan nay chi rd sé cAc nghiém nim trén duong tron don vi cha C(z, £) 1a mét hing s6
vii moi £=1.

By gid ta cho & chay trong khoang [0,1).

— Véi £=0 thido C(z,0) = Ay(z) nén tit ca nghiém cua Ayz) ciing la nghiém caa
C(z,0), hay s6 cic nghiém cla Ay(z) nim trong dudng trén don vj cling bing s&
cac nghiém nim trong dudng tron don vi cia C(z,0). Goi 56 cac nghiém d6 la {.

- Tiang din ¢ va gia st trong qua trinh ting din £ nhu vy s6 cac nghiém nam bén
trong dusng trong ddn vi la / cia C(z, &) bi thay ddi, tic 14 ¢6 mot nghiém tir bén
trong di ra ngoai hoic ¢6 thém nghiém tit bén ngoai di vao trong dutgng tron don
vi. Do nghiém cia C(z,) thay ddi lién tyc theo & nén bit bude trong qua trinh
dich chuyén dé phai ¢6 lic ching nim trén dudng tron don vi. Diéu nay da lam
cho si cac nghiém ndm trén dudng tron don vi cta C(z, £) da c6 lic bj thay déi
(16n han hoac nhé han ). Didu nay trai nguge vai két luan trén. Vay didu gia st Ja
sai. Né6i cach khac 14 khi 0s£<1, 56 cic nghiém nim bén trong dudng trong don
vi clia C(z, &) 1a I phai 1a mét hing sé va bing s6 nghiém nim bén trong dudng

tron don vi cua Ayz).
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ho)(0) g 1 (B (A (0 2} (0 1\(h L)_(3 4
L L)\l Iy ) s L)\ o) \2 ofly ) |4 13

1321y lylg-20 -1, =[3 4]
Llg —21, -1, 15 -4lq 4 13

13-213=3
L] lglg —-2!1 —lg =4
i3 -4ly =13

Hé phutang trinh trén c6 cac nghiém saw:
a) 13=3;L,=5;[,=3
b) 13=8 ;1l3=-5 ;1,=-7
c) ly=-1;13=8;1,=-5
d) Il3=-1;5,=-3;0,=1

nhung chi c6 nghidm a) 14 théa man diéu kién Sylvester dé ma tran L xac dinh duoug

. 3
1L>0 , 11,13 >0 = L=[ 3)
3 o
Vay bo diéu khién can tim duge xac dinh theo (4.89) s6 la

~15T 3 3
= = 1 = .
R=F "B'L=(0 )(3 5) (8 5)

4.7.3 . Phudng phap tim nghiém tryc tiép

Phudng trinh Riecati (4.87) hay (4.90) khong phai la phuong trinh tuyén tinh nén
cAn cé nhiimg phuong phap dic biét dé€ tim nghiém. Tén goi phusng phap tim nghiém

tryc tiép clla myc ndy khang ¢é ¥ néi ring ta sé giai truc tiép phuong trinh Riccati

ma

ngige lai 16 88 xac dinh K théa man (4.87) ciing nhu L cQa (4.90) tryc tiép tit muc dich

bai toan téng hgp bé diéu khién t3i wu R.

Phuodng phéap dude trinh bay & diy la cia MacFarlane-Potter. N6 cho phép xac dinh

K ciia phuang trinh Riccati (4.87) trifc tiép tir nhiém vu ciza bai toan tai wu.

Dua theo ndi dung dinh Iy 4.5 va 4.6 thi
d T
___—x_:[éiJ =Ax + Bu=Ax + BF_IBTP
dt ép

T
d A
va £=—[-(5—I:I—J =Ex—AT1_)

dt ox -
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Do d3 néu viét chung chiing lai dudi dang ma tran ta sé duge

d {x)_{A BFBT)(x
26 )G
P - P

Binh Iy 4.7: Ma tran S kidu 2rnx2r dinh nghia trong (4.91) ¢6 2n gia tri riéng phan b
d& xing qua truc do. Néu né khéng c6 gia tri riéng thudn o thi sé cé n gia tri ridng
c6 phan thye am va n gia tri riéng cé phin thuyc ditgng.

Chizng minh:

Cac gia tri riéué caa S 12 nghiém s clia

-1pT
det(sI-S) = det| 5T A ~BF B
-E sl+A" )
Sit dung edng thidc cia Schur (muc 2.3.2, trang 123) ta c6
det(sI-S) = det(sI-A)det [(sI+AT) - E(sI-A) 'BF'BT]

1

= det(sI-A)det(sI+A T)detd~E(sI-A) 'BF 'BT(s1+aT)™ !

= (-1)"det{A-sT)det(A T+sDdetd ~E(sI-A) 'BF BT (s1+aTy ™Y
Nhu vay, da thic det{s/-S) da duge tich thanh tich cta hai da thie cang hé s8,
mét 1a det(A-sl) véi d61 so 1a —s va det(A T+sI) v4i d61 s6 1a s nén nghiém cua né phai

ném d61 xing qua truc do (néu di c6 nghiém sy thi cng phai ¢6 nghiém sy, ). )

Gia slt 2n gia tri ridng cia S la sy, k= 1,2, ... .2n, trong d6 s;, ... , s, c6 phin
thue Am V& §,41, --- » Sg, 6 phin thuc duong. Khéng mat tinh tong quat ta c6 thé gia
thi€t s, = - 8,4, 1= 1,2, ... ,n.Goie;, ..., a, la cic vector riéng bén phai cia S g

v6i nhing gid tri riéng cé phan thdc 4m ciing nhu g4, ... , &g, 12 vector riéng bén
phai @ng vl gia tri ridng cé phdn thue duong. Vay thi 8 sé phan tich duge thanh (xem
lai phan ma tran modal, trang 133 va trang 351)

A © -
S=M Mt (4.92)
0 —A
trong dé
A = diag(s;, ..., 8,) » Alaimatranbén

_ + -
M=M M=, .-, Qn s Cuets =-- s g.;)n)
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- . ¥
M =@, ..., ay) va M =(gp4ys oo s Bup)
Haima tran M , M?* c6 kidu 2nxn (c6 2n hang va n ¢jt). Chia ching thanh nhimg

ma tran vudng nxn My, M5, My va MJ

M = M, , Mt = Mi"
My M3

thi (4.92) s& c6 dang

-3l
§= (M MA@ M7 M (4.93)
My Mij\© A My M7

Pt bidn méi

(1) Mz =[M1‘ MTJ (EIJ (4.94)
P M; MFj\z

ta sé co vi (4.91)

dz_|7qr |_(A @)z 2\ _[eM e }[z0)
dt |dzg | @ -AJ 2, z,0) | @ e Mjlzy(0)
dt
= =M .t =Mz

Thay vao (4.94} duge

%) = M 2,(8) + M{ 250) = M7 ™2,0) + Mt € M2500)

D)= M5 2,(8) + M3 250 = M3 e™2,(0) + MF e 2000)
Nhing do muc dich dat ra ctia bai toan t8i wu 1a z(¢) phai tién vé géc wa d6 0
lim x(t) = 0
tro
nén phai cé e-Mgr_,(O) =0, vi —A 1a ma tran khéng bén. Suy ra
xO=M7 M0 va  py= M7z, 0

Ngoai ra con ¢c6 _g(t) = Kx(1), tac la

KEMTe Ma=M7e™™ o EMT=M;
Vay K=M5; (M)
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Ta di dén 1huat toan trye ti€p tim nghiém X cia phudng trinh Riccati (4.87) nhu

Sat

=1 T

1) Lap ma tran kiéu 2nx2n: §= A BF f i
) E -A

2) Xac dinh tit cd n gid tri riéng sy, ... , s, c6 phan thyc am cla S va cic vector

riéng béu phai tuong inga,, ..- » a, cia ching.
3) Xay dung ma tran M = (@;, ... , @,) cé kidu 2nxn. Gei M7 1a ma tran vuéng

gom n hang bén trén, M5 la ma tran vuéug gém n hang bén dudi cia M .
. — —y~1
4) TimhK=M7 (M) .

Mot ciich hoan todn tudng tuy ta ciing c6 thé xay dung dude thuat toan truc tiép tim
tighiém L céta phuong trinh Riccati (4.90). Tuy nhién néu ¢é y ngudn géc sy khac nhau
cua (4.87) va (4.90) trong muc dich bai toan tdi wu chi 1a phan héi duogng hay am thi
thuat toan tim L cho (4.90) sé duge suy ra ngay tit thuit toan tim X da cho ¢ trén nhu
sal '

_ -1nT
1) Lf!l”matl‘éﬂkiéu2nx2n:S=(A BF B ]

E -aT

2) Tim tatca n gia tri riéng s,, ... , s, cé phan thuc im clia S va tinh n vector riéng

bén phaia,, ..., ¢, ung vdi cac gia tri riéng do.
3) Tach ma tran M = @y --v» Q) co kidu 2nxn thanh hai ma tran vubng la My

gém i hang bén trén va M5 gbm » hang bén dudicia M .

4) TimhL=M;{M;7)™'.

4.7.4 Thuét toan truy hdi tim nghiém phuong trinh Riccati

Mbt phudng phap tim nghiém phudng trinh Riccati khac ¢é ¥ nghia ing dung nhién
trong thuc t& thuoce vé Kleinman, Day 1a mdt thuat toan truy héi. Ta sé trinh bay thuat
todn trén co sd giai phudng trivh (4.90). Diéu nay hoan toan khong han ché viéce ta st
dung thuit toan dé tim nghiém K cho phiong trinh (4.87) san nay. Diéu dic biét cia
thuit toan Kleiman 1a né khéng nhimg xac dinh nghidm L cia (4.90) ma con cho ra duge
luén b diéu khién R tinh theo (4.89) san mdi bude lap.

Xu#t phat tif coug thiic (4.89)
R=F'B"L
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va de L , F 14 nhitng ma tran dé1 xding, ta cé
LBR=LBF 'BTL=0TB(F "YTBTL=RTBTL
Bdi vay cung vdi phuong trinh Riccati (4.90)
LBF'BTL - LA -ATL = E
ta di déu dudc
(A—BR)TL + L(A-BR) = -E ~-RTFR (4.95)
va dé chinh la phuong trinh Lyapunov (dinh 1y 3.29, trang 222).
Kleinman di dé xud't tim truy héi Ly, tir ), dya vie dang cai bién cla (4.95)
(A-BRp)TL) + Ly(A-BRy) = -E- R FR,, (4.96)
cing nhu Ry, tir Ly, voi sif cai bién (4.89) thanh
Ry, =F 'BTL, (4.97)
trong d6 £=0,1,2, .... Gia tri khéi ddu Ry phai duge chon sao cho (A-BRy) 14 ma tran
bén. Khi d6 tai méi budc tinh ta ludn thu ditgc ma tran bén (A-BRj) va L xac dinh
duong. Diy {L} thu duge s& héi tu dén nghiém L cua (4.90).
Tom tit lai, thuat toan Kleinman c6 nhing buée tinh sau:
1) Chon R sao cho (A-BRy) la ma tran bén. Néu A da la ma tran bén thi c6 thé chon
R,=0.
2) Thuc hién 140 lugt véi k=1,2, ... cic bude sau:
a) Giai phudng trinh Lyapunov (4.96) dé ¢6 L, tit Ry,

k) Tinh Rz, tit Ly, theo (4.97).

Nhir vay, thuit toan clla Kleinman ¢6 s dung thém phuong phap tinh giai phusdng
trinh Lyapunov. Hién c¢6 kha nhiéu phucng phap hitu hidu phue vu viée giai phudng
trinh Lyapunov. Nhiéu phudng phap trong sé ching cén duge cii dit thanh cong cu
chuan rat tién ich. Bén canh ciac phudng phap tinh dé, néu dé ¥ thém téi tinh bén cla

AL =(A-BRy)

tic 1a t4t ¢4 cAc gia tri riéng cha A ndm bén trai truc &o, thi nghidm 1, cGa phudng

trinh Lyapunov (4.96) con c6 thé duge xac dinh truc tiép theo néng thite

Lk = IeAétE'keAktdf
0
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trong dé
E,=E+R[FR,.

Cudi ciing, com mét didu cdn ban dén 1a khi u1io thi nén két thde qua trinh tinh truy
hdi trong thuat toan Kleinman, Ta thay do diay {Ly} héi tu d&n nghiém L nén qua trinh
tinh truy héi cé thé duge két thic néu nhut sai 88 | Ly, - L[ di théa min diéu kién
lLisy — Lill < € cho phép, trong d6 £1a mét s6 duong da nhd duge chon trude. Chudn ma

tran [|Ljy; — L]l thudng duge dung 1a chudn béc hai (gia tri suy bién 16n nhit cia ma

tran, xem lai khai niém chudn ma trin da cho & trang 131),

4.8 B0 quan sat trang thai

Trong nhilng phuong phap thiét k& bé diéu khién hé MIMO trude day nhu phuong
phap tach kénh, phuong phap cho trudc diém cye, phuong phap téi wtu, ta thudng gia
thi&t 1a vector tin hidu trang thai x 1a do duge ¢é phan héi nguge vé cho bs diéu khién R.
Diéu nay trong thue t& thudng khéng thyc hién duge true tiép, don gian chi 1a vi c¢é kha
nhiéu bi&n trang thai khéng thé do duge. Néu khéng do dude tric tiép, song di tugng lai
14 quan sét duwoe thi ta co thé thiét k& thém cac b quan sit trang thai nhim xac dinh
gia tri vector x(t) théng qua viéc do nhitng tin hiéu vao ra u(t), y(¢)trong mét khoang

thai gian 7" hitu han (hinh 4.41).

dx
23 —==Ax+Bu y
y=Cx+Du
Hinh 4.41: Nguyén tic hoat dong cla X Bd quan sit *—I
bd quan sat trang thai. trang thai <

4.8 B6 quan sat trang thai cia Luenberger

Xét da1 tugng hap thiic chit vdi mé hinh trang thai

£=A£+BL¢_ 5 Y= Cx

P X (D=6) (4.98)

Y tudng chinh ctia phuong phap thiét k& bé quan sat trang thai Luenberger la sit
dung khau ¢6 m6 hinh
dz

—=Ax+Bu+L(y-¥),

7 (4.99)

1!
n

]

J#
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lam bé quan sat dé c6 dutge su xap i
X=x

it nhAt 1a sau mat khoang théi gian T du ngén, néi cach khac 13 6 duge (hinh 4.42)

le®lw=] 2~ ED) o ~0  khi t27. : (4.100)
u Y
gz =Ax+Bu = S
dt
T =
«— %=A5+BE+L(Z—Z)
Hinh 4.42: B& quan sat trang théi cba Luenberger. 3
»{ C | -
Bl

Nhiém vu thiét ké 13 xac dinh L trong (4.99) d& ¢6 dide yéu cau (4.100). Tit hai md
hinh (4.98), (4.99) ta ¢

de d(x-X)

dt dt
=4 - LC)e

=A(x-%)-I{y-¥)=Ae - L(Cx - CX)

Nhit vay, rd rang dé ¢(t) — 0 thi A — LC phai la ma tran bén, Saj léch e(t) sé cang
tién nhanh vé 0 , tdc 1a thoi gian 7 cdn thiét cho vidée quan sat tin liiéu vao ra s& cang
nhd, néu cic gia tri riéng cia A ~ LC nam cang xa truc do (vé phia —w), Do d6 ta co thé
chi dong tim L vdi mét téc dd tién vé 0 cia e(2) 43 duge chon trutde bang cich xac dinh L
sao cho A — LC c6 cac gia tri riéng phu hgp véi tde dd dé.

Néu dé y thém ring gid tri riéng chia ma tran bat bién véi phép chuyén vi, thi cong
viée xac dinh L sao cho A — LC ¢6 duge nhiing gia tri riéng chou trude cing déng nghia
véi viée tim LT aé

T ATy T

“4-Lo)T=aT-c"L

nhan cic gia tri cho trude s,, ... , s, lam gia trj riéng va d6 ciing ! bai toan thiét k& bj
diéu khién cho trude diém cue da duge trinh bay tai muc 4.6. N6i ¢ach khac, bai toan xac
dinh bé quan sit trang thai Luenberger chinh 1a bai toan thiét ké bé didu khién cho
trude difm cye dng vdi hé d6i ngiu eia d6i tugng da cho. Diéu kién dé ap dung duge
phuong phap thidt k& cho tritde diém cyc la d6i tugng phai didu khién duge thi nay,
théng qua hé d6i nglu (dinh 1y 3.37, trang 239) duge chuyén thanh diéu kién d6i tugng
phai quan sat ditde thi mdi ton tai bé quan sat.
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Ta di dén thuat toan tim L ciia bé quan sat trang thai Luenberger cho déi tugng
{4.98) quan sat ditge gbm hai bude nhue sau:

1) Chon trudc n gia tri s;, ... , §, ¢6 phdn thuc Am ng véi thai gian T mong muén
dZ quan sat tin higu vao ra. Cac gia tri s,, ... , 5, duge chon nim cang xa tryc do

(c6 phdn thuc cing nhd) thi thoi gian T sé& cang ngén va do dé sai léch e(f) cang
nhanh ti&n v& 0.

2) S dung cac phing phap da bigt nhit Roppenecker, modal ... d& tim bo didu khidn
LT phan héi trang thai cho d6i tugng

% =A T_:g + CTE

Mat diéu cin chii ¥ 1a bd quan sat trang thai thuong duge st dung kém vdi bé dieu
khién phan héi trglig thai (hinh 4.43). Néi ciach khac trang thal ¥(¢) tim duge sé 1a tin
hidu ddu vao clia bo diu khién. Bdi vay thdi gian xac dinh trang thai xap xi T(¢) cha déi
titgng khéng thé cham han thdi gian thay d6i trang thai x(f) ciia ban than d6i tugng. T
day suy ra diéu kién tién quy&t dé chon nhiing gia trj s;, ... , s, la ching déu phai

ndm phia bénu trai cac diém cue cna d8i tigng (gia tri riéng clia A).

&
133
e

R y
- %=Ai+BE+L(g—z)
[T *
i

Hinh 4.43: Hé thong diéu khién kin co sy tham gia cha bd quan sat trang Whai Luenberger.

Bay gio ta s& khdo sat sy anh hudng cia bé quan sat trang thai Luenberger d6i véi
chat lugng hé kin théng qua vi tri cac diém cuc clia chiing. M4t hé kin ¢6 sy tham gia
ctia bd quan sat trang thai dude mé ta & hinh 4.43, trong d6 R 1a bd didu khién va V1a bd
tién xit 1y da duge thiet k& theo chit lugng ddug hoc cho trude, ching han nhu theo cic
phitong phap tach kénh, cho trudc diém cuc, hay téiwu ....

Do diém cuc ctia hé théng khang thay d8i theo vector tin hiéu dau vao w(?) nén dé
don gian ta sé khaao sat hé thong khi khong bi kich thich, tic 1a khi w() = 0.



Véi w(t) = 0 thi
=C

tadl

u=-Rx, y=Czx ,

9% _ Ax+Bu= Ax - BRX
daz x

12t

j‘(%: AZ+Bu+L(y-y) = LCx+(A-LC-BR)%

Béi vay néu ghép chung hai phudng trinh sau lai s& duge

2 lie a-oose) (3]

- - a2 - — - - A 2
va diém cyc cua hé sé 1a nghiém cua

sI-A BR
det =0 4.10
© (—LC sI—A+LC+BRJ (100

Do dinh thitc ctia ma tran khéng thay ddi néu ta thém hoic bét ndi dung cia mot
hang hay cét mét gia tri gébm to hgp tuyén tinh ciua nhitng hang hay cdt khéac, nén
phuang trinh (4.101) sé tuong duong vdi

det sl -A+BR BR _
e =
sI-A+BR sI-A+LC+BR

o  qu[SI-A+BR  BR )_
O] si-A+LC

< det(sI-A+BR) det(s/I-A+LC)=0
Ti phudng trinh cudi ta rat ra duge két luan:
Binh ly 4.8: B4 quan sat trang thai Luenberger khéug lam thay déi vi tri cac diém cue cia

det(s]-A+BR) =0 caa hé théong. N6 chi dira thém vao hé théng cic didm cyc méi la
nghidm cua det(s/-A+LC)=10.

4.8.2 Giam bac b3 quan sat trang thai

B6 quan sat trang thai Luenberger thiét k& nhu muc 4.8.1 mé ta da xic dinh tat ca
xy
n bign trang thai x'=| i |. Diéu nay c6 1& la khéng cin thist. That vay, néu C la ma
Xn
tran ¢6 hang bng s (sd hang coa C) va gid sit ring s cot dau tién clia né 1a doc lap tuyén
tinh thi ti

X
y= Cx = (Cs Cn—s)( = ]= Cs It Cn—s Lp-s

=n-g
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trong d6

x) X1
o=, Xpg=) o
E ap,
ta da xac dinh ngay duge s gia tri trang thai dau tién x; , ... , x, mdt cach rit don gidn

theo cbng thiic

Xy =CS—1 (Z" Cn-s xpn-g)

véi gia thidt Ia di bi€t n—s trang thaixg,, , ... , x,. Do d6 bd quan sat chi cdn ¢ nhiém
vu tinh n—s trang thaixg,; . ... , x, la da.

Viét lai mé hinh d&i tugng

df xs |_(Ar Ay £s+Blu
di\x, ) \As Ay)\Zp ) \Be)™

bang cach chia A va B thanh nhitng ma trén con cé s6 hang, ¢t phat hgp véi kich thude

cua cic vector xg, X, , tiic 1a
X X (12— —s)X -8} (= x —5)X
A eRTS A,erT ) 4TINS 4 g0 g g BT
Khi dé thi n—s trang thai cdu lai cdn phai dugde quan sat x, , ... , X, 56 c6 mé hinh
dx

Ln-s _
T‘A:E’_‘L@ +tAjx, s+ Byu

Aacgl(z" Cp-sxp-s) * Ay x5+ Byt

u
= (A~ AyCF Cpg) 2y + (B AaQJ‘)(‘J
—_— — Y

A B

Ciing vdl mé hinh trang thai trén ta sit dung

Y s~ Ch-s 2p-s = Cxps (C=Cpy)

Vay thi b quan sat véi ciu tric (4.99) phai thiét k& d& xac dinh n-s bién trang thai x,,,

s «e- » %p 88 chi con ¢6 bacla n—s:

dzn—s — A ey E —
dt =Ax,-st+ B (1)"' Ln—s(znfs*z.n—s) )
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4.8.3 Bb quan sat trang thai ciia Kalman va bai toan LQG

Véi bd quan sat trang thai Luenberger, phai sau khoang thoi gian 7' nh4t dinh ta
mdi phat hién duge sur thay d6i trang thai x() trong d61 tuong. Diéu nay da han ché kha
ning tng dung cia né, tire 1a né chi stt dung duge khi nhidu tac déng vao hé thing la
nhiéu tite thdi va khoang thoi gian gifta hai 14n nhiéu tac déng khéng dude nhé hon 7.

Da c6 lde nguoi ta tim cidch ping cao khd ndng (ng dung cho bd quan sat
Luenberger bing cach gidm thdi gian quan sat 7' théng qua viée chon céc gia tri riéng s,
, --- 3 8, cAng xa truc do vé phia trii. Song diéu nay lai gip su gidi han béi kha nang
tich hgp bd quan sat, vi khéng bao gid ta ¢é thé tich hop dude mdt thi€t bi k¥ thuat cé
hang s3 thdi gian nhd tiay ¥ (hang s6 thdi gian cang nhd, gia tri riéng ndm cing xa truc
40 v& phia trai). Nhitng thiét bi ¢6 hing s& thoi gian rat nhé dén ndi ¢6 thé bd qua dude
{quéan tinh gdn bing 0) 14 khéng tén tai trong thuc té.

Hinh 4.44; B& quan st trang thai
clia Kalman.

D€ loai bé nhuge diém trén cda bd quan sat trang thai Luenberger mét cich trigt
dé, Kalman da dé nghj phai xét luén sy tham gia cdc tin hiéu nhidu n,() § ddu vao va
1y (t) ¢ dau ra cua déi tugng trong qua trinh xdc dinh ma tran L cia bd quan sat. Not
cach khac m6 hinh mé ta 46t tudng phai thé hién dude sy tham gia cda tin hiéu nhién:

%=A;+Bg+_n_u (4.102a)

y= Cxtn, (4.102h)

Hai tin hi¢u ngiu nhién n, () , n,(¢) duge gia thiét la
~ Chiing 1a tin hiéu nghu nhién egodic (xem lat khai niém ¢ myc 1.6, trang 45).

— Chuing cé gia tri trung binh bang 0, tuc la Mp, = My = 0.
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- Ham hd tuang quan ciia ching cé dang xung dirac tai diém r=0

T, (7 =Ml n, n; ] =N,&0)

ry (7) =Mlny 0] = Nys0)

trong d6 M[-] 1a ky hiéu cho phép 1ay gia tri trung binh, R va § 13 hai ma tran
hing (xem lai khai niém gia tri trung binh tin h#u ugiu nhién egodic & trang 46).

— Chuing khéng titeng quan véi nhaw, n,(f) khéng tirong quan véi trang thai (¢) va
r,{t) khdng tudng quan véi trang thai x(1) d thai diém trude do { r<t), tic 12

Mo, 0]l =Mln,z"] =M[n, 0z (0] =0

Bb quan sit trang thai cia Kalman eiing ¢6 mé hinh giong nhuv bé quan sat cua
Luenberger
dX - ~ - -
d—;=A£+Bg+L(2~2), Z=C£ (4.103)
nhimg khic vdi Luenberger, Kalman di tim L sao cho v&t cia ma tran trung binh binh
phuong {chuan Frobenius, trang 130) clia sai léch
e(®) = x(t) - (4

duge nho nhit (xem 1ai khai niém vét ma tran 6 trang 125), tic la
T a 9
Q=M[tracete e )] = ZM[:e;]—) min', (4.104)
i=1

Ti (4.102) va (4.103) ta cé
Eg' _ (t(E_i) =A

"y 7 (x-x)+n, -L(y-y)=Ae +au—L(C£+&y-f?§)

) n
=(A-LCe+n, ~Lpny=(A-LCe+ —L)[L“J
‘ By

Bai vay (xem lai cong thic (2.65), Lrang 142)

~ : ~
ey = eAle, - [eADBa(ryde ,  eg=e® (4.105)
0

n

véi A=(A-LC), B=(g -L) va g=(2“].
=y

Thay (4.105) vao (4.104) ¢ dé § dén cic gid thiét vé n, (1) , p (1), sau d6 tim L dé @
R, forn ) R . . 0Q _ o O .
¢6 gia tri nho nhit bang cach xdc dinh nghiém cua T O, vdi _'!I_,la k¥ hidu chi ma
[ [4

tran Jacobi cia @ ta sé nhan duge
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L = pPcT N} (4.108)
trong d6 P la nghiém cua phuong trinh Riccati
pcTNicp - pAT - AP =N, (4.107)

Tu day ta dén duge thuat todn tim L cho b§ quan sat trang thai Kalman véi mé
hinh (4.103) gém cac budc uhu saw:

1) Xac dinh hai ma tran N, va Ny la ma tran ham hd tuong quan cua n, (), ,/{t).

2) Giai phuong trinh Riceati (4,107) d€ tim nghiém P. C6 thé ap dung phudng phap
MacFarlane -Potter hay Kieinman.

3) Tinh L ti P theo (4.106).

Diéu tha vi 6 day la thuat todn xic dinh b quan sit trang thai Kalman hoan tean
giong nhu viéc thidt ké bé diéu khién t6i un phan héi trang thai (bai toan LQR &3 néi ¢
muc 4.7.2), trong dé vai trd cua déi tugng (4.78) nay duge thay bang

dx T
—==A'x+ CTE

dt
tiic 13 thay bang hé déi ngiu véi né nhung khéng co6 nhidu, va ham muc tiéu {(4.79) thi
duge thay bdi

19 7 T
Qx=5 [ Nyx+u Nyudt.
0
Bay gid ta chuyén sang bai toan tdug quat han 1a thiét k& bo dién khién t8i wu R
phan héi trang thai cho déi tugng ¢6 nhidu tin hidu vao ra
dx

G ATButL, . y= Cxvny

va phiém ham danh gia su tén hao (cost function)
1% 7 T .
Qp= —2_-[ x° Ex+u” FuHt - min!
0

Né&u R duge thiét ké& theo thuat toan da trinh biy d muc 4.7.2, tic la cho ddi tugug
khéng co su tac déng clia nhidu (bai toan LQR). cdn sy anh hudng cua nhidu s& duge
giam sat bdi bd quan st trang thai Kalman

dx

—E=A§+Bu+L(z—z), =C

%22
IRt

trong dé L duge xac dinh theo L=pc” N;,‘ va P 1a nghiém cia phuong trinh Riccati
PC'N,'cP-PA"-AP=N,

thi bai toan didu khién do duge goi 1a bai toan LQG (kinear quadratic Gaussian).
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nhiéu dau vao n,, nhigu ddu ra n,,

S D& tugng didu khign

E —
- %zAi"’BI_U'L(z-Z)

\____V___J
B4 diéu khién LOR ;____,@

Hinh 4.45: Heé thdng diéu khién LAG (Linear Quadratic Gaussian).

R=F'B'K

A

IR

Do sy khac nhau gitta bd quan sat trang thai Luenberger va Kalman chi ndm 4
phuong thite xace dinh ma tran L :
- Luenberger xic dinh theo nguyén tic cho trutde diém cuc,
~ Kalman xac dinh theo cuc tiéu phiém ham muyc tién,
nén cu tric hé théng diéu khién LQG khéng cé gi khac so vdi hé cé st dung bd quan sat
Luenberger. Néi cach khae hé LQG voi s d6 khéi nhu & hinh 4.45 mé ta (cho trudng hdp
R phau héi dudng) sé c6 mé hinh

dfx)_(A BR x
at\i) lLc A-Lc+BRJ\E
Tuy rdng mé hinh trén duge dan tit trudng hop R phan héi dudng, song khéng anh

hudng t6i két lugn vé vi tri diém cyc 18u né 1a b phan héi 4m véi cac cong thie thist k&
(4.89), (4.90) thay cho (4.87), (4.88). That vy, cho trudng hgp phan héi 4m thi ti

ot/ ST~ A -BR _dét sl -A-BR - BR
| -LC sI-A+LC-BR \sI-A-BR sI-A+LC-BR

_ g[S -A-BR _BR
- ® sl-A+LC

=det(sI-A+BR) det(sI-A+LC)=0
ta cling dén dude k&t luan cho hé LQG gidng nhu dinh 1y 4.8 nhit sau

Dinh Iy 4.9: Hé LQG ¢6 cac diém cuc gdém tat ca cac diém cyce ctiia hé t6i v khéng c6 bo
quan sat Kalman va cac diém cue mdi duge dua thém vao théong qua bd quan sat.
Cac diém cye duge dia thém vao 12 nghidém cia det(s[-A+LC) = 0.
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4.9 Thiet ké bo dieu khién khong lién tuc
49.1 BO diéu khién PID s&

Hinh 4.46 bifu dién mot hé thdug didu khién c6 st dung bé diéun khién PID s8, tie
14 bé didu khién PID ¢6 tin hiéu vao ra dang s8 (khéug lién tye va rii rac). Tin hién diu
ra ciia bd PID 56 1a diy {u;} duge dua dén diéu khién dai tugng c6 ham truyén dat lién
tuc S(s). Do {up} 1a tin hidu khong lién tuc - rdi rac nén dé co thé lam tin hiéu didu
khién cho d6i tuong lién tuc ta cdn phai lidgn tuc héa né (troug mién thdi gian) bang b

chuyén d6i sé—tuong ty ZOH vdi ham truyén dat Ggzpi(s). Xem Gzqpis) chung véi Sis)
nhu d8i tizong didu khién khéng lién tuc thi déi titgng niy sé ¢6 ham truvén dat:

s@) = 215 20,

¥(8)

luz
| PID 36 -—r—ﬂ GZ()H(S) b S(q)

.

Y

S _—
YT
Péi tugng didu khién cia PID

Hinh 4.46. Didu khién vai bd PID s6

Pé xic dinh mé hinh khéng lién tuc ciia bd PID 85 ta sé di tit mé hinh lién tuc ca
16 trong mién tha gian:

- 14 de(t)
u®) = ky [e(t)+F_fe(r)dr+TD ]

kp de(t)
= - T
=k e(t) + J'e(r)drﬂ- k,Tp I

up(t) uylt) up(®)

Ly do cho viéc khéng sit dung toan tit 7 dé chuyén truc tiép
1
RiE)= ky|1+—+Tps
(s) p( TIS D )
sang mién Z 1 vi R(s) c¢6 chita thanh phan vi phan D,
Khi ddu vao e(t) cua PID s8 duge thay bang day {e,} c6 chu ky trich miu T, thi:
1) Thanh phin khuéch dai up(t) = kpe(?) duge thay hing

u}:= kpek
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. k,t A
2) Thanh phan tich phan w/(t) = ?P—Ie(r)dr dirge thay bang (hinh 4.47)
7o
) . kT k-1
a) Xap xi tich phan loai 1: u;;: L% 3¢
I =

k, T, k
b) X&p xi tich phan loai 2: u,’z = —%3- e
I =1

kpTo Foeiy+e;

¢) Xap xi tich phén loai 3: ué =

T, & 2
3) Thanh phau vi phan wp@ = £.T5 2% duge thay bi
: anh phin vi phan up(t) = kpTp — = dugc thay bang
k,Tp
ukD= ;‘ (ep —ep—y)
a

”i Xap xiloai 1

! Xap xi loai 2

Hinh 4.47: Minh hoa cong thic x&p xi thanh phdn tich phan

Thay cic cong thie xdp xi trén vao

D

up =uf +ul +ug

ta sé duge mo hinh khéng lién tuc cia bé PID s6

. , T Rl T -
a) Xap xiloai 1: up = kp[9k+ &S+ Dleg —ep.g )]
T i=0 T,

b) Xap xi loai 2: ug

il

T, £ Tpleg —ep 1)
k [ek+—a— e; +————-———-D 1 ]
B TI ié ’ Ta

I}

kp[ek+ Ty f‘-em +e;  Tpleg—ep1) ]

¢) Xapxiloai 3: u
) P ’ k Ty i=1 2 Ty

{4.108a)

{4.108b)

(4.108¢)



49.2 Xac dinh tham s& cho PID s& bing thuc nghiém

Tuwdng ty nhu ¢ phuong phap thue nghiém cua Ziegler-Nichols, Takahashi ciing
dua ra mét phuong phap xac dinh ba tham si k. Ty va Ty cho md hinh (4.108) cda PID

s6 hodic tit dudng qua dd A{e) cua doi tugng S(s) hodc tir gia tri tél han k,y, va Ty,

Thiét bi didu khién

PID 881 Lot G y11(8) sl S(s) fr—

Hinh 4.48: Xac dinh tham s6 cho b PID s8
dg 3idu khi&n 38} ltong lién tuc.

Xéac dinty K hany quéd db cha a8i tuong .
Diéu kién dé ap dung duge phuang phap Takahashi 1a déi tugng phai én dinh, cé
ham qua d6 A() di tit 0 vi e6 dang hinh'ch#-8 (khéng c6 d6 qua didu chinh).

& Alt)
3 e o
[l
! 1
- i
1
! 10,958
' i
' |
1 | i
f v
Hinh 4.49: X4c dinh tham s8 ctia PID 56 theo - t »
phuong phap Takahashi. ! L T | T95"/

Hinh 4.49 bidu dién dang k() chung cho nhimg d6i tugng c¢6 thé ap dung dude
phudng phip Takahashi. Tir dudng h(2) d6 ta 18y ditge cdc gia tri:

— k13 hé s6 khuéch dai ctia déi tugng, duge xac dinh tir £(2) theo k= lim A(2)
t—ec

— LA gia tri xap xi thoi gian tré. N6 la giao diém duong tiép tuyén véi () tai diém
uén véi truc thai gian. ,

- Tlagia trj dac truing cho qua trinh qua dé. N6 1a thoi gian cin thiét d€ duong
tiép tuyén vai A(f) tai diém nén di duege tir O tdi k.

- Tyge, 12 diém théi gian ma A(¢) dat dwge gia tri 0.954.

Thai gian trich mdu T, cé6 thé duge chon tit cac théng sd ctia () cho d6i tugng lidn
tuc ¢6 h(#) 6 hinh 4.49 ulnt saw:
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- Xacdinh ta L : Néu %< 12 thi =<T, =

Ur|t~1
. bo [t

- Xacdinh wr 1': T, 51
C 10

=

Tapse o p o Too%

— Xac dil]h tu Tf)ﬁ?‘lo . 20 a 1

<

Néi chung, néu nhu rang thoi gian trich maun T, duge chou da théa man

T, < 2L

thi ba tham sé k,, T; va Tp chia PID sd sé duge xdc dinh tir &k, L va T theo phuong phap
Takahashi nhu sau:

1) N&u chi sit dung rigng bo P sé: ky= k(+T)
+1g

o . - 09T .

2) NE&u su dung bO PI sé: kP =m VC\. 'Tl':‘ 3,33(L+0,5Ta)
WOig
9 .
3) Néu su dung bo PID sé: kp =E(.I1:L771‘—) , Ty= % ,» Tp= #
+T, " 2

X4c dinh ta glé tr] t61 han
Bén canh phudng phap xac dinh tham s6 nhu trén, va néu khéng ¢6 duge @b thj
ham qué dé A() ciia d6i tuong thi ta ¢6 thé xac dinh kp. Ty va Ty, cua PID s§ nhit sau:
1) Thay bé didu khién PID s& trong hé kin (hinh 4.46) bing bd khuéch dai k. Sau dé
tang k t6i gia tri tdi han k,y, d€ hé kin ¢6 dao dong diéu hoa, tic 13 y(t)=A(t) c6 dang

ham tudn hoan (xem thém muc 4.1.2). Xac dinh chu ky Tth cua dao dong
2) Xdcdinh &, Ty va Tpcua PID s6

a) Neéu chi sit dung néng bd P s0: kj, = 0.5 kyy,

b) N&éu sit dung bd PI ,56': kp=045kyp va T) = 0«83Tth

¢) Néusir dung bo PID s& kp, =06 ke, Tj = 0,83T,; vaTy =0,125T,,

4.9.3 S0 dung anh xa ludng tuyén tinh dé thiét k& bd didu khién

Trong cac muc trén ta di 1am quen véi nhiéu phuoug phap thiét k& bo didu khién
li&n tuc rdt hitu hidu uhu phitong phap t8i wu dd 160 (edn goi Ia tdi vu modul), téi wu ddi
xing, cin bang mé hinh ... (xem cac myc 4.2, 4.3, 4.4). Cac phidnug phap nay déu cé mot

diém chung la sit dung eéng cu phitc (ham truyén dat) néu ching van thuing duge xép
viao ldp cic phuong phap thiét k& trong mién tin sé.
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Mong muén st dung nhing phudng phap thiét k& trong mién tdn s§ nay dé téng
hop bé diéu khién khéng lién tyc, ngudi ta di nghi ra anh xa ludng tuyén tinh nham
chuydn ham S(z) cvia déi tugng sang mién tin sé p=&ju gin gidng nhu midn s=o+jw
cta hé 1idn tuc. sau dé thiét ké bo didu khién gia lién tuc R(p) cho déi tugng S(p) bing
cae pbuong phap thiét k& hé lién tuc di bidt réi cudi eang lai théng qua Anh xa ludng
tuvéu tinh dé d& chuyén nguge R(p) sang mién Z thanh K(z) - hinh 4.50.

wie) Ty (&) wi(z) ¥(8)
2= R(z) -\-‘r—) Gronts) > S(S) o R(P) S(p) —»
[ A — -
R(p) S)

Hinh 4.50: Chuyén hé khdng lién luc dang dang gia "lién tuc” 4 thist k& bd didu khién,

0 muc 3.6.3, trang 279 ta da dirge bigt mdt Anh xa ludug tuyén tinh, 46 la

p+1 _z+1
p-1 z-k
Auh xa nay ditge st dung nham kiém tra tinh én dinh hé khéng lién tyc b‘aH‘g cac céng
cu xét tinh 6n dinh hé lién tuc. '
Tuy nhién. ddi vdi cong viéc thist k& bd didu khién thi anh xa trén té ra khéng pha
hop vi u6 da khéng dé ¥ téi tinh tndn hoan coa

sT, ___e(a'+j(u)Ta ‘

z=e¢e (voichuky Q= -;i cua w). (4.109)

a

Bdi vay ta cdn c6 mét anh xa ludng tuyén tinh khace pha hgp hon sac cho anh xa nay gii
dudge ban chat eua céng thuc (4.109) 1a chuyén nhimg diém z nim trong dudng tron don

vi chi viio mot "ddi bang" ndm bén trai truc o (hinh 4.51). Anh xa d6 Ia:

z+1

2=2+Tup

p= {4.110)

2
=3 —
2-Ty,p T, z-1




Mie du inh xa (4.110) di tgo ra duge mdt dai bang trong mat phang phic p=é+jv
¢6 dang "gén gidng” nhu trong mit phing s=o+jw , song su gin gidng d6 ciing cé nghia
la hoan toan chua gidng nhau. Didu nay ta cé thé thay théng qua viée thay p=jv va

2= o/ vio cong thite (4.110) va duge:

2 z+1 . 2 e"mT“ +1 2 g
p = = ju =S~ =— jtan
Ty z-1 Ta eJ"’Ta 1 Ty
2 T
=  u=——-tana (4.111)
T, 2

Cdng thire hiéu chinh e« thanh v theo (4.111) ean phai dude hiu tam khi st dung cac
phueng phap thigt k& bs dicu Liidn lién tyc cé cac gid tri tan sd cdt w, hay cdc tdn s6
gy @, , @, cho trude dé thiét ko b didu khién gia lién tuc R(p), chiang han nhut khi si
dung phudng phap thiét k& véi bidu dé Bode.

Téng k&t lai, thual toan thigt k& ba didu khién khéng lién tuc R(z) ¢b sit dung anh
xa ludug tuyén th (4,110) va cac phuoug phap thiét k& hé lién tuc s& gdm cac buéde:
1) Tiu ham truvén dat S(s) ctia ddi titgng, xac dinh S(2) =Q3| Se) }.
z s
2) Chuyén S(z) thanh ham "lién tuc” S(p) nhé anh xa luong tuyén tinh (4.110).

3)  Thiél k& bd diéu khién R{p) "lién tuc” cho déi fugng ciing “lién tuc" S(p) bing cac
phitong phap da bidt nhie téi wn d6 16n, t6i wu dbi xing, ¢in bing moé hinh, biéu dé

Bode. Néu trong phuong phap thiét k& do cé si dung tin s cit @, hay cic tin s¢
gdy @, , @, cho trudc thi cing phai chuyén nhiing gia tri cho tritde d6 sang mién p
thanh tdn s6 cit v, , tAn s6 ghy v, , v, tuong Ung nho cong thire (4.111).

4)  Chuyén nguge R(p) tim duge sang mién’ Z nhd anh xa hwdng tuyén tinh (4.110).

Vi du 33: Cho déi tugng lién tuc c6 ham truyén dat

1 e

S(5) =
(%) s(l+s)

P&l tugng dige diéu khién bing bs diéu khién khong lién tuc theo sd dé can tric méd
td ¢ hinh 4.50. Nhu vay déi tugng thyc sy cia bé diéu khién khong Lién tuc R(z) sé gom
461 titang di cho va bé chuyén d6i so-tuong tu Gzpy(s).

Néu T, =0.2 gidy thi ham truyén dat trong mién Z cua ddi tugng nay la

S(s) - 0,02(z +0,94)
$ (z-1)2+0,82)

S@=2=L3|
z

AU



Sit dung dnh xa ludng tuyén tinh (4.110) ta c6 md hinh S(p) "gia lién tuc” tuong
dugng cua Siz):
_(1+0,0033p)(1 - 0,1 p)
p(1+1,003p)

S(@)

Biédu dé Bode clua S(p) Ia Lg(v) duge vé minh hea trong hinh 4.52. Tir dudng Ly (v)
mong muéh cita ham .truyéu dat hé hé Ly (v) ta suy ra duge dudng Lg(v) cia bd diéu
khién Rip) bdng cach cong trir d6 thi (xem lai nmuc 4.3.4, trang 317).

Vdi Lp(v) tim duge (cho trusng hop v, =2, ©,=0,997 va v, =3.27 ta suy ra

2(1+1.00
R(p) = (1+1.003p)

1+0,31p
Chuyén ngiuge R(p) lai mién Z ciing véi dnh xa ludng tuyén tinh (4.110) p :Ti?il thi
a €~
b diéu khién khong lién tuc cin tim sé la
Riz) = 5,44(z-0,82) )
z-0,51
A L)
w(t) o Llso y(t)
P} | Sl > 5

Hinh 4,52 Minh hoa vi du 33 vé st dung anh SN
x?'luang luyé't'l liﬂfvln(4‘1 10) d& thi&t ké bd LS(u) 6
di6u khién khéng lién lwue. e,

494 Thiét ké bd diéu khién dead-beat

Mot hé théng khéng lién tue duge gol la dead-beat ndu né thoa min:

—  Khi tin hidu dau vao w(t) thay ddi tir hiing s6 nay sang hang 6 khac thi sau ding
n buwde diéu khién tin hiéu ddu ra cing dat tdi duge hing s6 bing tin hiéu diu vao
(khéng c6 sai léch tinh), trong dé n 1a bac cia mé hinh hé théng.

~ Khi tin hidu dhu ra dat duge gia tri bang tin hiéu diu vio (ngay tir ldn dau tién)
thi u6 ciing 1a thai diém két thiic qua trinh qué ds.

~ O ché& a6 xac lap, tin hiéu ddu ra khéong thay d6i ngay ca trong khodng thdi giau
gifta cac 1n trich mAuw, tic la khi dé y(2) phai 11 hang s6 chir khong riéng gi day

cic gia tri trich miu {y;} ctia né.
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Bé didu khién lam cho hé théng trd thanh dead-beat ditge goi la bd diéu khién
dead-beat hay b didu khiéu cé thdi gian hiéu chink hitu han (hinh 4.53).

wit) y(t)
OO0 CCOO0O000000 - ~f-emm—m = 5 ?O—OO—OO—O-O—
0 1
Tin higu vao o ° : Tin higu ra
Hinh 4.523: Tinh ¢hit hé théng o '
dead-beat. f lo o n=8 i

Dé cong viée thiét k& bd diéu khidn dead-bead c6 thé c6 k&t qua thi tritde khi thue
hién ¢dng viée téng hop bo didu khién ta edn phai kiém tra xem khi nao sé tén tai mét b
diéu khiéu uhu vay.

Hiuh 4.54 mé t3 hé théng phan héi trang thai gdm d6i tigng SISO ¢6 ms hinh

~ = ue ~ X
gy =Axg thuy v Aer™"

va b didu khién 1a khau khnéch dai tiuh &7. Gia sit d6 1a b diéu khién dead-beat, titc
1a véi b hé sé di duge t trang thai ddu xy ba't ky vé gée toa d6 sau ding n bude didu
khién (dng véi w()=0), néi cach khac x,=0. Tudng tyf nhu cdug thie (3.104), mue 3.6.4,
trang 282, trang thai x,, cua hé khi dé sé 1a

X = (E_E_ET){!L—I = (E_EET)H'IU

Nhu vay, d& ¢6 x,,,,=0 thi phai ¢é wit) {upl . Xk
- o~ Ton ;}_, tBou _/2‘__)
(A-bk")" =0 - ugng ;
va rd rang phigng trinh trén sé c6 nghiém k néu — T e

d6i tugng 1a didu khién duge hoan toan.

Hinh 4.54: Kidm tra sy tn tai clia bd didu

Hon nita, theo dinh 1y Cayley-Hamilton khidn dead-bead.

(trang 138), khi ma tran
F=A-8"
théa man F"=@ (ditge goi 1a ma tran nilpotent bac n) thi né phai ¢6 phueng trinh dic
tinh dang
det(zI-F) =2"
Tit diy ta di déu khaug dinh:
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Dinh ly 4.10: Néu déi tugng SISO bac » (c6 n bigh trang thai) Ia didu khién duge hoan
toan thi luén tén tai b diéu khién phan héi trang thai dead-bead [;gT dua hé tit mét
diém trang thai dau x, tiy ¥ vé duge dén goc toa d¢ sau ding n bude. Ngoai ra b
diéu khién do sé& lam cho hé kin ¢ diém cuc z=0 bbi n.

Sy tén tai ela bé didu khién dead-beat nhu vay 1a di duge khdng dinh. Cing cin
n6i thém Ia ¢6 thé cé cic bd diéu khifn dead-beat khdc nhau (tinh hoic dong) cho cing
wat déi tudng chir khéng riéng gi bé diéu khidu lgT phan hdi trang thai da dude dé cap
trong dinh Iy 4.10. Sau ddy ta s& xét bai toan téng hop bo diéu khién dead-beal dong,

Cho hé kin khéng lién tuc véi sd dé cau tric d hinh 4.50. B didu khidn ¢6 him
truyén R{z). P6i tugng cia R(2) la S(z) bao gdm d6i tugng thue S(s) va bd chuyén déi
sé—tudng tyt Gyp(s) duge ghép chuug lai thanh

Sts) ’ S
—~ -

S@) = 27_13{ (4.112)

Do S(s) phai 1a hgp thirc (difu kién causal) nén duéi sy anh hudng cia khau chuyén doi
sé--tuong ty Gyop(s), ham truyén dat S(z) tinh theo (4.112) sé c¢6 dang

Sy =Y _ bz} +b22'2‘+ by 4118
U@ 1+az7 +agz™2+ - +ayz™"
tire la Iudn co y, = z]i?iU(z)S(z) = 0 néu nhu u(@ = 1(2), hay U@) =;i—1 .
Nhién vu diit ra ca bai toan 13 phai xac dinh R() sao cho hé kin
G =1 _RE)SE) (4.114)

Wz} 1+ R(2)S(z)
dat dude nhilng yéu ciu cla mét hé dead-beat (hinh 4.55).

Né&u nhu ring tir yéu cau hé dead-beat ta da cé duge ham truydu mong mudn G)
ciia hé kin thi véi (4.114) ta ciing sé suy ra dugc bd diéu khién R(z) theo nguyén tic can
bang mé hinh (muc 4.4.1, trang 322) nhit sau

(4.115)
S(z) 1-G(2)

wey leg) fur) ¥(®)
5 R@) [-755{ S(2) |-r—>

Hinh 4.55: Nhiém vy bai toan didu khién
dead-beat.
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Tuy nhién, khac vé1 bai todn cAn bing mé hinh hé lién tue, d bai toan cin bing md
hinh hé réi rac cdn phai chi ¥ tdi:
1) Cac diém cyc khéng du dinh (khdng nam treng dudng tron don vi) ciia d6i tugng
S(z) khanug thé cin bang (bi) dude bdi mot diém khéng ciia R(z), vi néu nhur vay, hé
van co ban chat khong 6n dinh gida nhitng ldn trich mau.

2) Cing nhu vay, khéng thé cin bang cac di€m khéng ndim ngoai dudng tron don vi
clia S(z) bang diém cuc cia R(2), vi néu lam uhu vay R(z) sé 1a b didu khién khéng
on dinh, dan dén hé sé khong én dinh giita cac ldu trich mau.

Pinh Iy 4.11: Goi G(2) Ia ham truyén dat clia hé dead-beat gdm b didu khién R(z) va déi
tugng S(z). Néu z;, la diém cue khong ndm trong dudng tron don vi ciia 8@), tic la

|zk [> 1, thi né phaila diém khong cia 1 - G(z). Ngudc lai tat ca cac diém khéng z;
khéng nam trong dudng trou don vi cia S(z) ciing phai 1a diém khéng cia G(z).

Chirng minh:
Goi z;, 1a diém cuc khéng ndm trong dudng trén don vi ciia S(z) va ky higu

_ 8

z-2zy

S(z)

Vay thi diéu khang dinh thit nhat dude suy ra ngay tit quan hé
R(z)S(z) _ 1 - z-2zy
1+ R(2)S(z S - 5
(2)S(2) 1+ R(z) S(z)  z-z}+R(2)S(2)

22k

1-G@)=1-

vi R(z) khong duge phép cin bing (bl) 2y, , tite 12 R(z) khong nhan z;, lam diém khéng.
Tuong ty, difu khing dinh thit hai cling duge suy ra tit quan hé (4.114). a
Bay gid 1a s& di vao phan thiét ké bo didu khién dead-beat R(z). Xét véi w()=1(t) va

do ¢6 yéu cau riug sau ding n bude didu khién tin hidu ddu ra ¥{¢) t6i duge hing s6 bang

tin hiéu dau vao, tie 1a y, = 1 khi k2n v (4.113), tirc 1a ¥y =0 nén diy {yp} phai cé

dang
vt =10, ¥o0 oo v ¥p=2s ¥p-1p 1,1, .. | (4.116)
Suy ra
_ -1 -2 -n+1 & -k
Y@)=yyz "t ygz T+ - typqz T 22
k=n
Y(2) z-1 -1
Ge) = =Y —=Y@@) (1-
= () W) () P @) (1-z 7)
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- - N _
« G@)=(yz '+ yp2 P+ oty T Zz_k Ya-z"")
k=n

=[v|z +(y9-¥1)2 o Hpo1=Yn-)z - -¥n-1Z "]
-1

=pyz tpez i et puz T paz T=PE Y (4.117)

vdi

H

2 =Y Hamy )t o (oY) F (1Y) = 1

k=1

Néu {y;} ¢6 dang nhut (4.116) mé ta thi twong tng {ug} ciing phii c6 dang

lep) =lugsuys oo sty gy, s lin, -}

Do do
-1 —n+l = _k
U)z=ugt uz + - +uy 2z tu, >z
k-n
U@ - ey 2t = vy -2
W(z) z

o
- -1 —n+l .y -1
={ug+ uz” '+ - a2z +u, Y2 *]la-2""

Sugt(g—ug)z 't o Mg mpen)z T gtz
-1 ~n+1 -n -1
=S gt gz t -+ qpo 2 Ly qn2 "= Q(z ) (4.118)
Tir (4.117) va (4.118) ta duge
S() = Y(z) Y(z) W(z) _ P(z_l
Uz) W) U@ gl
sau dé so sanh vdi (4.113) sé co
bz labyz 24 s 4by27" Mz A pez i e appz?
-1 -2 —n -1 ) -n
l+a,2  +ayz ~+ - +apz o +q1z  +guz T+ - +qp2
‘P]L z‘] +.,p',—’ z-.')'+ e +__pl!,z_n
-_90 do 40
1491 ,- +q“)——zA2+ +‘1nz—n
qo qo 40

va day chinh 1a céng thitc cho phép xac dinh cachésdp, . ... ., p, cua Pz "y va do-4 .

< Yn cln QY tieb,,....b,vaa,,a,, ..., a, cia 8() nhu sau:
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— Can bang hé sé cac da thue tu va mau véi nhau

PE=dghy VR gp=ggag (4.119a)

- Xac dinh g

z z PL 1 2 1 1
2bp= Zq—=q— Zpk=q— & q=— (4.119b)
k=t k=190 Q0 g 0
‘ b
=1

-1
Thay cae da thic G(z)= P(z_l) va S(z)= —P(—Zl—) tim duge vao (4.115) ta ¢6 ham
‘ Qz )
truyén dat cia bd didu khién dead-beat
1 G _QehH pPehH _ e
S(z) 1-G2) pz7ly 1-Pz™") 1-PE™h

k@)= (4.120)

Vay thuat toan thiét ké bd didu khién dead-beat R(z) cho trigng hop tin hidu diu
vao w(t) cd dang bac thang, sé gém cac bude nhu saw

1) Viét lai ham truvén dat cta dai tigng S(z) duwesi dang hamn thuc-hiu ty cua P

T

. z-1 ., 8(s) LI N R
S(z) = K f = o
4 & l+aqz7 +agz "+ - vapz 7

2) Xacdinhcachésdp,, ... .p,cla P(z_l) vagy, 4y . ... .4y c0a Q(z—l) teh,, ...,

b,vaa, ,a,. ... a,cda S() theo (4.119), tuc 1a

I -
0= s Pe=doby va gr=qpop, k=1,...,n
th
k=1

-1
3) Tinh ham truyénu dat R() cta bd didu khi&n theo (4.120), tic 1a R(z) =—Q(L)T.
1-P 1)

cha y: Theo ndi dung dinh ly 4.10 thi hiun truyén dat G(z) cia hé kin ¢6 di€ém cue
béi 2 tai z=0. Didu nay tucug dng véi hién tugng la G(z) ¢é6 dang mét da thice cha 21 vai
bic hita han nhu céng thie (4.117) mé ta. Viée ¢6 didm cuc bdi z=0 sé& lam cho hé kha
nhay cam véi sy thay d8i nho trong S(z). Néi cach khac hé dead-leat khéilg ¢6 tinh bén
viing cao. Hou nita, ngudi ta con ching minh diuge ring viée ting tin sé trich méau con cé
thé lam che hé mat 6n dinh, bdi vay bd didu khién da duge thidt ké véi tin s trich mau
nao thi chi nén lam viéc véi tin sé trich miu d6. Ngoai ra, do hé dead-beat kha nhay
cam véi sy thay dai tham s6 nhir vay nén bo diéu khién dead-beat da duge thi€t ké cho
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truong hop w(?) c¢é dang bac thang sé mat tac dung dead-beat n&u w(t) 1a cac tin hidu
khac, chiang han nhu tang déu w(@) = £1(¢).

Vi du 34: Xét hé kin c6

z-1_,; S(s 037z7" +0.26:7%
Sis) = = Sey= ity S8y o DATe #0267
s(1+s) -4 s 1-1,37z " +037z -
trong dé T, = 1 giay. Vay thi

)

P(z_l) =plz"1+ p'_,z“'

Rz ) =qgp+t g2 "+ gy2

vl
1 1
= = =1.08
0w T o37+036
zbk
k=1
p,=0,58 P»=0,42 g, =-2,16 ¢,=0,58
Suy ra

Q") _158 21627 +0.582

Riz) = ! - 5
1-P(z"')y 1-0582"'-0422 7

Cau hai 6n tap va bai tap
1) Xét hé théng didu khién véi s¢ db cAu trie cho ¢ hinh 4.56. Hay xac dinh cac tham
86 bd diéu khién PI nén dai tugng cé ham truyvén dat

2 3(1 +25) 0.8
VT 0280 b) S(s) =~ Ss) =
R (1+0.25)1+3s) P a2 Y TG
d) S(S)=_i__3. o) S(s) =20+ 0391+ 26)
(1 +0.5S) (1 +0‘25)J(1 +0,5S)(1+3S)

wit) _elt) Y ]u(l)IS(S) _y(t)_)

Hinh 4.56: Cho cac baitap 1,2va 3.

2) Xét hé ¢o cau trac gidng nhit 6 hinh 4.56 nhung bé diéu khién R(s) c6 thé 1a I hoac
PI hosic PID va déi tugng ¢6 ham truyén dat
4 ' 2

R
S(s) = o b) S(s)= S(s)=—F+
86 (1+25)(1+35s) ) 59 (1+3s)(1+0.28)" 0 SO
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3)

1)

6)

8)

404

d) S = 2 =
1+ 3s)(1 +38)(1 +0,35)”

Hay thiét k& bo didu khién theo nguyén 1y 181 vu do 1an,

Tuwoug tu nhut bai tap 1 nhung bé diéu khién ditge st dung 1a PID.

Cho hé kin md td & hinh 4.57. Hay xic dinh hing s6 khuéch dai k, dé ham qua dé

hé kiu e6 dd qua diéu chinh Ak, khong vigt qua 17% (dng vdi hing so suy giéil%

D=0.5). Véi k,, tim dugc thi hé cé thai gian qué d§ T, baug bao nhiéu?

0%

: | R
- P s(s+2)
Hinh 4.57: Cho bai tap 4.

Hay xac dinh bd diéu khién t6i uu déi xing (ing véi a=2, a=4 va a=9) cho cic d6i

v

tiong ¢6 ham truyén dat nhut saw:

) 3 1
Q) S =—2  b) SE)Ee——o o) S(s)=
D S = e O Y T oantn e

Hay wée hegug dé qua diéu chinh Ak, clia hé véi uhiig bé diéu khién tim dugc,
déuy thai so sanh vdi d6 qua diéu chinh cua hé cho trugng hdp a=4 va hé duge ndi

thém bb tién xu ly dé gidm 46 qua diéu chinh.
Giong nhu bai tap 5) nhung cho tricang hgp doi tugng co6 thém khau gilt tré e

Cho dé1 tugng mo ta boi

d 1 3 0 1 0 02 0
a) X0 2 2 lx+|0 0O u o, y= x.
dt - = 10 01
0 -4 -3 0 2
J 1 0 1 1 0 110
b) ax 1 2 0 |x+|0 1|u , y= x.
t = \1 01
2 -1 -1 1 1

Hay xac dinh bd didu khién tach kénh sao cho sau khi duge tich kénh. ham qua dé
Ri(t) . i=1.2 cila modi kénh déu di tit 0. tién t6i 1 (khdng cd sai léch tinh) vit 6 dang
hinh chit § (khoug cé d6 qua diéu chinh).

Xac dinh bd diéu khién R phan hdi traug thai cho cic dai titong

dx (1 0} (2 ds _(-2 1)_ (0 dx _(1 2)_[1
. E‘[z 3J£+[1J“ Y [o 3)’£+[1J” 7 [0 —3J5+[1J“

sao cho hé kin nhan cac gia tri s,= -2 va §,= -3 lam diém cyc.



9) Hay thiét ké thém cho cac hé kin thu duitge ¢ bai 8) nhiing bé tién xi 1y dé hé khéng

¢é sai léch tinh.
10} Co6 thé ap dung phuong phap Roppenecker dé thiét k& bo didu khién khi ma cac
didm cuc dat trude lai gisnig nhau hay khéng. Néu cé thi phai lam nhu thé nao.

11) Cho dél tugng ¢é mé hinh

d 3 2 1 1 0
T‘f: —2 -1 4 |x+]-1 O|u
¢
-2 -2 -4 o 1
vii ba diém cifc mong muédn s,= -2, s,= -3, §4,= —4 dizge xic dinh tix chi tiéu chat

hitng cin phai ¢ cua hé théng.
2y Hayv t!nét k& b didu khién tinh, phan héi trang thai theo phuong phéap
Roppenecker.

b) Hay thiét k& bs diéu khién tinh, phan héi trang thai theo phizong phap modal.
12) Ching minh cic cdug thitc (4.74), (4.75) va (4.76) cho d muyc 4.7.1, trang 368,

13) Cho hé kin. phan héi am, gdm bé didu khién PI va déi tugng c6 ham truyén dat

k

S = (1 +Tys){1+Tys)

Hay xdc dinh tham s& cho bé didu khién PI dé chudn bac 2 cia sai léch e(t) gida tin
hiéu dat trude w() va tin hiéu ra y@¢) la nhé nhat (xem hinh 4.56), trong d6 chuin

bac 2 cua sai léch duge hiéu la

Q =le®d)], = ,fe‘—’(:)d:.
0

14) Cho 461 tugng mo ta bdi

dx (0 O 1

— = by + 173

de {1 0 0
Hay xac dinh bd diéu khién LQR (t8i wn, phan hdi trang thai) ing voi phiém ham
ton hao (bién luan theo cac trudng hop co thé xay ra).

Q: .r|:£T(e; 0){ +u"’:|dt -
0 2

15) lay xay dung bd quan sat trang thai Luenberger cho déi tugng

dx (2 1 0
—== , ={(1 1
a) o [0 _1J£+[1]u y=A )x
s R
dx 01 1 von F
— - = ()
b) 7 (1 2J;+{Ju s y=( f):'_c

bang cich ty chon trudc cac diém cyc. Panh gia thai gian quan sat cin thist Tsee
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16) Cho hé kin ¢é ciu tric mé ta ¢ hinh 4.55 vdi bo dién khién PI va déi tugng SISO c6
mé hinh traig thai
E‘—‘ Ax + bu
it -
Hay xay dung thuat tean xdc dinh tham s§ bé diéu khién PI theo nguvén tac cho
trude didm cue.

17)“Phlfdllg trinh
QA+ATQ=-p
vl P la ma tran déi xing. xac dinh duong duge goi 1a phudng trinh Lyapunov.
Chung minh rang néu A 1a ma tran bén (cic gida tri riéug nim bén trai truc ae) thi
7oAt Al
Q= _[e "Pe™dt
0
la nghiém xac dinh dugng duy nh&t cua phueng trinh.
18) Hay xay dung thuit toan thiét k& b didu khién dead-beat cho trugng hep tin hidu
dau vao w(t) khéng phai la bac thang ma la
L Tpz™'
a) W(t) = ll(t) Lic la W(Z) = PRSI
(1-z77)"
Tg‘z'1 (1+27")

b we) =+l wela W)= 2
z 21-z"")
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Danh muc khai niém

B

Bai toan LQR (Linear Quadratic Regulator)
Bai toan LQG (Linear Quadratic Gaussian)

Bac tvong dgi
Bién trang thai thira

c

Co sd cla khong gian vector

Céng thirc xdp xi Pade
Céng thuc Tustin
Cong thic Schur

D

Dang chudn diéu khién
Dang chudn quan s&t

3]
Pa thirc Hurwitz

370
387
149, 202, 323, 330

243, 244

136
114, 326
164
123, 378

146, 186, 339
147, 242

191, 192, 194, 196

Pa thire Hurwitz chat 210, 212
Pa thic Kharitonov 210, 211
Pa thic dac tinh 138, 150, 191, 344
Diém cue 14, 17, 81
Piém khang 112, 113
Diém nut ngudn 75,77
Biém nut dich , 75
Bigu khidm bam (tracking) 251
Biéu khién cascade 359
Biéu khién bén viing 56, 210, 258, 268
Pudng chéo chinh/phu 118

Pé qua didu chinh
Boc lap tuy€n tinh

H

Ham hdp thifc
Ham hap thic chat
Ham bén

Ham ma rong

Ham nhay

Ham thuc-hiru 1y
Ham rang lugc
Ham truyén hé ha
Ham truyén hé kin
Ham sai léch phan héi
Hé d6i ngau

Hé khéng 16 rang {khong chac chén)

K

Khau khuéch dai
#hau nguyén ham
Khau vi phan

183, 241, 246, 393
122, 231, 290, 347

69, 87, 178, 185, 323
87,339, 382

24,205

4, 23,153

166, 257
24,114,178, 338
25,153

203, 254, 259, 262, 397
203, 398

204

239, 285, 286, 383
257, 259

88, 90, 94, 183, 293
88, 89
90, 183

Khau tich phan 88, 183

Khau théng tan 249, 250
Khau ZOH (gilf tin hiéu bac 0) 152, 271, 391
Khéng chic chén {uncerlain) 257, 258
Krasowski (binh phuong sai léch) 255
M

Ma tran tam giac 123
Ma tran dudng chéo 120,132
Ma tran giéng dudng chéo 138, 290
Ma trdn dan Frobenius 146, 242
Ma tran xac dinh duong 221, 222
Ma trén nilpotent 398
M& hinh cé bac cuc tidu 244
N

Nguyén ly x&p chéng 57
P ‘

Phucng phap tdng hing s6 thdi gian nhd 306
Phuong trinh dac tinh 137, 340, 343
Phuong trinh Lyapunov 222 381, 404
Phuang trinh Riccati 374, 376
Q

Quy tac ban tay trai 206
Quy tac Evans 263

Quy dao trang thai 115, 116, 218, 371

S

56 chiéu cla khang gian 126
T

Takahashi 393, 394
Tan sb cat 92, 208, 396
Tan s6 gy 90, 94, 396
Thuét toan Kleinman 380
Thual toan Potter 377

Tinh chat déi ngau clia da thic Hurwitz 191

Tuyén thang 76,78
v

Veclor dan vi

Vong lap 76,77, 78
Vong lap khéng dinh 76,78
z

Ziegler—Nichols 294, 297
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