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Loi néi dau

Nhén dang hé thong la mot trong nhitng cong viéc dau tién phdi thuc
hién khi gidi quyét mét bai todn Diéu khién Ty dong. Ly do don gidn chi la
vi khéng thé phan tich, tong hop hé théng khi khéng c6 mé hinh todn hoc
mé ta hé thong. Trong qud trinh xdy dung mé hinh hé thong trén phuwong
dién Iy thuyét nguoi ta thiong khéng thé khdo sat dwoe moi anh hudng ciia
méi truong dén tinh dong hoc ciia hé thong ciing nhw nhitng tic déng qua
lai bén trong hé thé'ng mot cach chinh xac tuyét doi. Rat nhiéu yéu 16 da bi
bo qua hodc chi dwoc xem xét dén nhw mét tdc dong ngcfu nhién. Boi vay,
néu néi mét cach chat ché thi nhiing hiéu biét Iy thuyét ban dau vé hé thong
mdi chi c6 thé givp nguoi ta khoanh dwoc vimg 16p cdc mé hinh thich hop.
Pé 6 thé cé dwoc mot mé hinh cu thé ¢ chat lwong phu hop voi bai toan
diéu khién ddt ra trong 16p cdc mé hinh thich hop d6 thi phdi si dung
phuwong phap nhan dang.

Thoi diém ra doi ciia chuyén nganh Nhin dang cé thé dwoce xem 1d vao
khodng cuéi thip nién 50. Tuy ra doi mudén nhwng Nhin dang da phdt trién
rdt nhanh va da c6 nhitng thanh twu vuot bdc. Nguyén nhdn cia sw phdt
trién vuot bdc dé mot phan tir yéu cau thiee té, song c6 1& phan chinh la nho
co nhitng hé tro tich cuc cia cdc nganh khoa hoc lién quan, dac biét la Xu
ly tin hiéu va Tin hoc.

Sw phat trién ciia Nhdn dang trong linh vuc Diéu khién tr dong tir nam
1960 dén nay cé thé chia ra lam ba giai doan phdt trién nhi sau:

—  Giai doan mot khoang tie nam 1960 dén 1975 dugc danh déau bdng nhan
dang cdc mé hinh khéng tham sé cho déi twong diéu khién tuyén tinh ma
trong tam chii yéu la thiét lgp ham trong heong hay ham ddc tinh tan
bién—pha duwéi dang mét day gid tri (phike). Kién thirc Iy thuyét can thiét
cho giai doan nay phan I6n dwoc xdy dung trén co sé Iy thuyét ham
phike va phén tich phé tin hiéu.



— Giai dogn hai dvuoc dac trung boi sy ra doi cua [0p mo hinh dong lién
tuc hodc roi rac ¢é tham sé va dwoc goi la giai doagn cua nhan dang
tham s6 mé hinh. Théng tin 1y thuyét ban dau vé hé thong ¢ ddy chi vira
du dé nguoi ta co thé lwa chon duwoc béc (hay cdu truc) cho mé hinh lién
tuc hodc roi rac. Nhiém vu cua nhan dang trong giai doagn nay la xdc
dinh gid tri cdc tham sé ciia mé hinh @6 véi hwéng nghién ciru tdp trung
la xét tinh héi ty ciia cdc phirong phdp va dnh hiedng cia nhiéu vao két
qua.

—  Giai doan ba khodng tir nam 1990 tré lai day dwoe danh dau bang nhdn
dang mo hinh dong hoc lién tuc phi tuyén va nhan dang mo hinh tham 56
cho hé nhiéu chiéu, trong dé hwéng nghién ciru chinh la xét tinh nhén
dang dwoc ciia hé nhiéu chiéu. Dan dan, ciing trong giai doan ndy nguoi
ta chuyén hwéng di vao nhdn dang cdc hé thong suy bién (singular
systems).

Trong v6 van cdc phwong phdp nhin dang hé thong hién dwoc ding
réng rdi, chiing t6i chi ¢é thé chon loc ra va gici thiéu mét vai phwong phdp
ddac trung lam dai dién. Phuwong huong chon lya la di tr mo hinh khong
tham s6 véi cong cu phdn tich phé tin hiéu (chwong 2) dé lam nén cho céng
viéc nhan dang tham s6 mé hinh lién tuc tuyén tinh va mo hinh roi rac tuyén
tinh sau nay (chwong 3 va chwong 4). Nhuw vdy cudn sach c6 néi dung chii
yéu la gidi thiéu cdc phwong phdp nhin dang dwoc hinh thanh trong giai
doan 1 va 2. Mot phan 1y do la nhitng phwong phdp ndy da tré thanh chudn
muyc va da dwoc cai dat trong nhitng chwong trinh tién dung cua MATLAB
gilip ban doc cé thé sir dung chiing d@é kiém nghiém lai nhitng diéu da doc
dwoc. Phan nita la nhitng phwong phdp ciia giai doan 3 cho dén nay van

chira c6 dwge nhiéu sirc thuyét phuc trong g dung nhir mong muon.

Cubn sach dwoc viét véi muc dich cung cdp thém mét tai liéu hé tro viéc
tie hoc cho sinh vién nganh Piéu khién Tw déng dang hoc mén Ly thuyét
DPiéu khién néang cao, sinh vién nganh Pién, ciing nhw cdc nganh khdc c6
lién quan t6i viéc xdy dung mé hinh hé thong. Ngodi ra, cuon sdch con ¢é
muc dich xa hon la gioi thiéu dwoc voi nhitng nguoi dang cong tac trong



linh viee phan tich va t(fng hop hé thé'ng ky thudt mot tai liéu tra cvu, tham
khdo trong cong viéc xdy dung mé hinh hé thong.

Mic di, ké tir lan xudt ban ddu tién vao nam 2001, cho t6i nay quyén
sach Nhdn dang hé thong diéu khién nay da dwoc tdi ban nhiéu lan, song
chdc khéng thé tranh khoi con thiéu sét. Bé c6 thé dat dwoc chdt hwong
hoan thién hon, cdc tdc gia rat mong nhan dwoc nhitng gop ¥ sira doi hay
b6 sung thém tir phia ban doc. Thw gép ¥ xin giki vé:

Truong Dai hoc Bach khoa Ha Noi
Khoa Pién, B) mon Piéu khién Ty dong.
S6 1 Pai Cd Viét. C9/305-306

Ha Noi, ngay 28.5.2005

Cac tac gia
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1 Nhéap mon

1.1 Tai sao phdi nhan dang

Xét mot bai toan didu khién theo nguyén tic phan hdi du ra nhu & hinh
1.1. Mudn tong hop duoc b diéu khién cho ddi twong dé hé kin ¢ dugc
chat lwgng nhu mong mudn thi trudc tién can phai hiéu biét vé dbi tuong,
tire 13 can phai c6 mot mo hinh toan hoc mé ta déi twong. Khong thé didu
khién d6i tuong khi khong hiéu biét hodc hiéu sai léch vé no. Két qua tong
hop bo didu khién phu thudc rit nhidu vao mé hinh mé ta déi tugng. Mo
hinh cang chinh xéc, hiéu suét cong viéc cang cao.

w €| Bodiéu | U [P6itwong| V
- i - khién [ |diéu khién
Hinh 1.1: Biéu khién theo nguyén tac
phan hdi dau ra. -

Viéc xdy dung mé hinh cho ddi tugng dugc goi 1a mé hinh hoa. Nguoi ta
thuong phan chia cac phuong phap md hinh hoéa ra 1am hai loai:

— phuong phap 1y thuyét va
— phuong phéap thuc nghiém.

Phuong phap 1y thuyét 1a phuong phap thiét 1ap mo hinh dya trén cac
dinh ludt c6 sin vé quan hé vat Iy bén trong va quan hé giao tiép voi moi
truong bén ngoai cia déi twong. Cac quan hé ndy duge mo ta theo quy luat

ly—hoa, quy luat can bang, ... dudi dang nhiing phuong trinh toan hoc.

Trong cac trudng hop ma & d6 sy hiéu biét vé nhimg quy luat giao tiép
bén trong ddi twong ciing vé mdi quan hé giita d6i tugng voi moi truong bén
ngoai khong dugc diy du dé co thé xay dung dugc mot mé hinh hoan chinh,
nhung it nhat tir 46 c6 thé cho biét cic thong tin ban ddu vé dang mo hinh
thi tiép theo ngudi ta phai ap dung phuong phap thuc nghiém dé hoan thién
nét viéc xay dung md hinh ddi tuong trén co s quan sdt tin hiéu vao u(f) va
ra y(f) cia ddi twong sao cho mé hinh thu duoc bang phwong phéap thuc



nghiém théa méin cic yéu cau cua phuong phap 1y thuyét dé ra. Phuong
phap thuc nghiém d6 duoc goi 1a nhdn dang hé thong diéu khién.

Nhu vy, khai niém nhan dang hé thong diéu khién duoc hiéu 1a su bd
sung cho viéc md hinh hoa dbi twong ma & d6 luong thong tin ban dau vé
doi twong diéu khién khong day du. Cac thong tin ban dau nay cé tén goi
chung la thong tin A—priori.

Vi du 1: Chang han ta phai xay dung mé hinh cho dbi tuong 1a mot chiéc xe
chuyén hang. Tin hiéu dau vao tac dong dé day xe 13 luc u(f). Dudi tac dong
cua luc u(?) xe s€ di dugc quang duong ky hi¢u bdi y(7).

i e
&+

u(?)
Hinh 1.2: Xay dwng mé hinh cho déi twong la m
mot chiée xe chuy&n hang. W)
R

Khi chuyén dong s& c6 hai luc can trd su chuyén dong cia xe (bo qua ma
sat tinh). Thir nhét 13 lyc ma sat dong xac dinh boi:

Fs= d% , d1ahé sd ma sat dong
va thir hai 1a lyc cén tr¢ sy thay ddi tde do
d%y \ As ,
Fgt=m=—=, m 1a khoi lugng cua xe.

dt?

Theo nguyén 1y can bang luc ta c6 duge md hinh mé ta ddi twong, tirc 1a
mo ta quan hé gitra tin hi¢u vao u(7) va tin hi¢u ra y(¢) nhu sau:

d’y L dy _ -k
mW+da—u = G(S) ,5'(1+Ts) (1.1a)
trong do k=L vaT=".
d d
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Mo hinh (1.1a) dugc xdy dung tir cac hiéu biét ban dau vé ddi tuong,
nhung chua phai 14 mé minh cy thé cho chiéc xe chd hang ma ta dang xét vi
cac tham s vé hé sd ma sat d ciing nhu khéi luong xe m 1 chua co. Noi
cach khac mé hinh ma ta can chi 1a mot trong cac md hinh ¢ dang (1.1a).
Pé c6 dugc mot mo hinh hoan chinh thi ta can phai xac dinh ndt nhiing
tham s6 k va T con lai.

Dé lam duoc didu nay, ngudi ta ap dung phuong phap thuc nghiém bang
cach tac dong tam thoi vao xe tai thoi diém =0 mot luc cd dinh, vi du nhu
u(f)=1 r0i do tin hiéu ra 1a quiang dudng di dugc y(7). Biéu dién quing
duong di duogc y(f) phu thudc theo ¢ dudi dang dd thi ta ¢6 hinh 1.3. Tir dd
thi do ta tinh dugc T 1a giao diém cua duong tiém can cda y(¢) voi truc

hoanh va & z%. Cau hdi tai sao ta lai tinh dugc cac tham s6 nhu vay s€

duogc tra 101 sau trong chuong 3.

T / 0
PR /| A k- ;‘?‘
4 /
15 e
’
1T //
7’
0,5 ’ ¢
' — S R / !
T T T T N —+— >
05 1 T 25 —
Hinh 1.3: Nhan dang tham sé cho mé hinh Hinh 1.4: Xac dinh tham sb chf) mé hinh ddi
xe ché hang. twong déng co mot chiéu.

Vi du 2: Ta xét thém vi du véi ddi tuong la dong co mot chiéu. Tu nhiing
kién thtrc 1y thuyét chung vé dong co mot chiéu (théng tin A—priori) nguoi
ta m&i chi co thé xac dinh dugc rang mo hinh xAp xi tuyén tinh cta n6 co
dang khau quan tinh bac hai nhu sau:

_ k
G(s) 1+Ty8)A+Tys)’ (1.1b)

con lai chi tiét hon thi ba tham s &, T va T» chua thé xac dinh duoc do con
phu thudc vao dac tinh riéng cua két cau tung dong co. Noi cach khac, tu
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thong tin A—priori ngudi ta méi chi biét dugc rang dong co mot chiéu thude
16p mé hinh quan tinh bac hai (1.1b), trong d6 k, Ty, T» 1 nhitng phan tir bat
ky cua R.

Pé c6 thé tim dugc mdt mo hinh cu thé cho dbi tuong tur 16p cac mod hinh
dang (1.1b) nguoi ta phai ap dung phuong phap thuc nghiém (nhan dang).
Néu nhu sy tac dong cua nhidu 13 bo qua duoc, cac phép do 1a chinh xac va
cong viéc nhan dang co thé duogc thuc hién bfing cach chu dong kich thich
dbi twong véi mot tin hidu dau vao thich hop chon trude thi phwong phap
thuong dung la xac dinh ham qua dé thong qua do tin hi€u ra khi tin hi¢u
vao la ham 1().

Tiép theo ngudi ta biéu dién A(7) dudi dang dd thi rdi ké duong tiép tuyén
v6i A(f) tai diém udn dé ¢ a, b va dudng tiém can tai =00 dé c¢6 k (hinh 1.4).
Hai tham sb 7; va 7> con lai s& duoc xac dinh tir @ va b. Chi tiét thém vé
cach xac dinh 7, T, tr a, b s& dugc trinh bay sau trong chuong 3. & day
chung t6i chi dé cap so luoc dé minh hoa cho su khac biét giita phuong
phap xay dung mé hinh theo kiéu Iy thuyét va thuc nghiém (nhan dang).

1.1.1 Dinh nghia
Khéi niém vé bai toan nhan dang vira néu trén da dugc Zadeh thu gon
vao dinh nghia phat biéu nim 1962 v&i hai nét co ban nhu sau:

1) Nhén dang la phuwong phap thuc nghiém nhim xac dinh mot mé hinh cu
thé trong 16p cac mé hinh thich hop di cho trén co s& quan sat cac tin
hiéu vao ra.

2) MBS hinh tim duoc phai c6 sai s6 v6i ddi twong 1 nho nhat.

Theo dinh nghia nay thi nhiing bai toan nhian dang sé dugc phan bi¢t voi
nhau & ba diém chinh. D6 1a:
— Lép mo hinh thich hop. Chéang han 16p ciac mo hinh tuyén tinh khong
¢6 cau trac (khong biét bac cua mo hinh) hodc c6 cdu trac (vi du nhu
16p md hinh (1.1)), 16p cac md hinh ludng tuyén tinh (bilinear), ...

— Loai tin hi€u quan sat dugc (tién dinh/ng?tu nhién).

12



— Phuong thirc mé ta sai 1éch giita mo hinh va d6i tuong thyc.

1.1.2  Lép mé hinh thich hop

Tap hop tat ca cac mo hinh ¢ cung cau tric théa man cac yéu cau vé
thong tin A—priori ma phuong phap 1y thuyét da dat ra duoc goi 1a Iép cdc
mo hinh thich hop. Vi du nhu tat ca cac mod hinh dang (1.1b) v6i k, Ty va T
13 ba phan tir bt ky ciia R déu c6 thé 1a mo hinh cua dong co mot chiéu.

Trong tai li¢u nay ching ta s€ chi quan tam to1 cac bai toan nhan dang
v6i 16p nhitng mé hinh tuyén tinh gan ding cia dbi twong. Mot mo hinh
duoc goi la tuyén tinh néu anh xa TM md ta quan hé gitra » tin hi¢u vao
¥ (®)

: J cua mo hinh thdéa man

m@®y o
u(fy=| : |vastinhiéura y@)=
¥s(8)

u,(2)
TM(arun(0)+ az ux(?)) = ar TM(ui (£)) +ax TM(ux(2)), (1.2)
trong d0 @, areRr. Tinh chat trén cia mo hinh tuyén tinh, trong diéu
khién, con duoc goi 1a nguyén 1y xép chong.
Vi du: Mo hinh trang thai cho d6i tugng khong dimg dang
TM: %: A(Hx + B(Hu
y=C()x + D(Hu

x1(2)
: }Vé A(t), B(t), C(f), D(¢) 1a nhiing ma tran
X ()

phu thudc thoi gian ¢ (phén tir ciia ching 13 cac ham theo £), 1 moét mo hinh

v6i n bién trang thai x(f) [

tuyén tinh. That vay, néu véi kich thich (ddu vao) u,(¢) hé co dap tmg (dau
ra) y NO! va voi kich thich ua(#) c6 dap timg y ,® tic 1a

dt
¥, =Cx, + Do),

dx; _
{_ - A(t)£1 +B(t)21 , (1 33)
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d
222 _ A(t)x, + BOu,

dt (13b)
¥, =C@)xy + D(t)uy
thi vé6i tin hiéu dau vao
u(H)=aui(f)+arus(t), ai,aeRrR
diura sé la
yt=ary @) *tazy, @),
vitu (1.3) co
d
a; % =a;A(t)x, +a;B(t)u,as
d
as % =a9A(t)xy +asD(tu,
d d
= g lig 2= AW®larxy +axy |+ B®)ayuy +asu,]
X u
ﬂ i =
dt
= y=COx+Bu=Ct)-fox, +ayx,]+ B®)-[oyu, + au,]
=a;[C(t)x; + B(t)u |+ as|C(t)xy + B(t)us]. o

21

Y2

Ciing can phai nhan manh ring ba 1y do chinh cho viéc mé hinh tuyén
tinh thuong dugc str dung la:
1) Mb hinh cang don gian, cang ton it chi phi. Cac tham s6 mé hinh tuyén
tinh dé dang xac dinh dugc nho nhan dang ma khong can phai di tu
nhitng phuong trinh hoa Iy phirc tap mé ta ddi twong.

2) Tap cac phuong phap nhan dang tuyén tinh rat phong phu va khong phai
t6n nhiéu thoi gian dé thyc hién.

3) Cau trac don gian ciia mo hinh cho phép dé dang theo doi dugc két qua
diéu khién d6i tuong va chinh dinh lai mé hinh cho pht hop. Tinh chét
nay dic biét rat can thiét dé thyuc hién cac bai toan diéu khién thich nghi.
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Sau day 1a cac loai mé hinh tuyén tinh duoc sir dung nhiéu nhét khi nhan
dang ddi twong SISO khong c6 nhidu tac dong (d6i twong chi co6 mot tin
hi€u vao u(¢) va mdt tin hi¢u ra y(t)—single input, single output):

I.1. Day gia tri {gk} cua ham trong luong g(¢) v&i gk=g(kTa), hoac
{hk} cuaham qué dd h(¢) voi hk=h(kTa), trong d6 Ta la chu ky trich
mau tin hiéu. Nhan dang c6 nhiém vu thong qua viéc quan sat (hoic
do) cac tin hiéu vao ra dé xac dinh duoc {gk} hodc {hk}. Do dic thu
nhu vy, dang bai toan nhan dang nay dugc xép vao 16p bai todn nhdn
dang mé hinh khéng tham sé (nonparametric identification).

1.2.  Ham truyén dat G(s), duoc hiéu 1a ty s gitta anh Laplace ctia dap tng
v6i anh Laplace cua kich thich va n6 chinh 1a anh Laplace cia ham

trong lugng g(?):
b e +b g
G(s) =X) — grarg 105 = *0n7 7 (1.4)
U(s) l+a;s+ - +a, s

trong d6 nb< na (nb, na goi 1a bic mod hinh) 1a diéu kién dé dbi
tuong c6 kha nang ton tai (theo nghia causal) va c6 thé da biét trude, 7
1a ky hiéu chi thoi gian tré cua ddi tugng. Nhiém vu ctuia nhan dang la
thong qua viéc quan sat nhitng tin hiéu vao ra (hodc qua viéc do day

gid tri {uk},{yk}) dé xéc dinh céc tham s 7, K, b1, b1a, ... ,b,,,
ai, az, ... ,a, cling nhu bac nb, na (néu nb, na chua cho trudc)
cua mo hinh. Céac dang bai toan nay cé tén goi nhdn dang mo hinh co
tham sé (parametric identification).

1.3. Ham truyén dat G(z), dugc hiéu 1a ty s6 giita anh z cia ddy gia tri dap
ung {vk}, yk=y(kTa), v6i anh z cua day gia tri kich thich {uk},

uk=u(kTa),
14 .. "
G(z) = Y(2) g 1+b27 + +bp, 2 ’ (1.5)
U(z) l+azt+ - +a, 2

trong 6 z= ¢*’a va Ta 1a chu ky trich mau tin hiéu. Khi /=0, m6 hinh
(1.5) trén dugc goi 1a m6 hinh ARMA. Nhan dang ¢6 nhi¢m vu thong
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qua viéc quan sat nhitng tin hiéu vao ra dé xac dinh tham s6 cia mo
hinh. Béi vay bai toan nay cling thudc 16p bai toan nhan dang mo
hinh cé tham sé.
Truong hop d6i tuong nhan dang bi tic dong boi nhidu thi thong thudong
c6 hai bién phap dé giai quyét:

1) Loai b6 anh hwéng nhiéu n(f) thong qua cuc tiéu hoa phiém ham danh
gia sai léch gitta mo hinh va di tuong.

2) M6 hinh héa tin hiéu nhiéu. Mac du nhiu n(z) 1a tin hiéu khong xac
dinh dugc mot cach téng quat, song ph'?ln 16n cac nhiéu tdn tai trong tu
nhién lai thude 16p ham c6 anh z mé ta dugc dudi dang:

N(z) = H(z)(z2),
trong d6 W(z) 12 anh z cia tin hiéu on trang (white noise) va H(z) 1a mo
hinh ctia nhiéu.

Két hop voi (1.5) cho cac truong hop H(z) khac nhau ta cé:
II.1. Mo hinh ARX:

N W 1
G(z)=z"'K ! 2 Hz)=——. 1.6
(z)==2 Traz s rap e (2) e (1.6)
Alz)
11.2. Mo hinh ARMAX:
-1, )
G(z) =z g 0%+t H(z)=C@ (1.7)
1+alz_1+ +anaz_na A(z)
A(z)
trong do
Cz)=1+¢zt+-+ Cp,2
II.3. MO0 hinh Box—Jenkin:
-1, -y
G(z) =z g 0%+t H(z)=C@ (1.8)
l+az b+ - +a, 27" F(z)

trong do
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C(Z):1+C12_l+"'+cnczinc Vé F(Z):1+f12_1+”'+fnfz_nf

1.1.3 M@ ta sai 1éch giira mé hinh va doi tweng thuc

Trong mdt bai toan nhan dang, sai 1&ch gilra ddbi tuong thuc 7 va mo hinh

TM thudng duogc biéu dién qua:

1) Sai léch dau ra. Pay 1a cach biéu dién dé chap nhan nhat, tryc quan,
song bi han ché do tinh phirc tap ctia mé hinh sai 1éch va sy phi tuyén
gitta cac tham sd can nhan dang vé6i dai luong sai 1éch e(f). M6 hinh sai
léch dau ra thuong duogc st dung cho cac bai toan nhan dang c6 mé hinh
tinh, bai todn xac dinh diém ldy miu cta chudi Voltera hay bai toan
quan sat diém trang thai, ....

Bai toan nhan dang bay gid duoc phat biéu cy thé hon 1a thong qua
viéc quan sat cac tin hi€u vao ra, hady xac dinh mo6 hinh 7M sao cho:
a) Binh phuong ning lugng cia sai 1éch nho nhat:
0= [ly®)-yy@®Fdt— min!, (1.9a)

—00

b) Gia trj trung binh ctia binh phuwong ning luong sai 1éch nhoé nhét:
_ .1 = :
0= Thggo ﬁ_fT[y(t)—yM(t)]2 dt — min!,

Néu viéc quan sat tin hiéu duoc thuc hién bang cach do roi rac diy gia
tri cac tin hi¢u vao/ra thi hai cong thirc trén dugc cai bién mot cach phu
hop thanh

a) 0= ST, yy*T,)F — minl, (1.9¢)
k=—0
. 1 N .
b) 0= lim S [(ET,) - 4 (RT,)F — min!, (1.9d)

N> 2N + 1 k=—N
trong d6 Ta la chu ky trich mau tin hiéu.
2) Sai léch tong quat e(?). Day 1a loai sai léch rat dugc ua dung trong cac
bai toan nhan dang tham s6 v&i méd hinh tuyén tinh dong vi loai sai 1éch
nay biéu dién dugc quan hé tuyén tinh gitta cac tham s can xac dinh véi
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nhiing gia tri do duoc {yk}, {uk} nhu

hinh 1.8 md ta, trong d6 A(s), B(s) la hai l nhiéu
da thirc ciia md hinh tham s kiéu (1.4) U(s) T Y(s)
| Déi twong "

_ B(s,b) _ bo +bls+~-~+bnbsnb

G(s , ’
( ) A(s,a) ay +als+~~+anasna B(s)

y

A(s)

Qo bO '/'\‘_
véi a=| ¢ |, b=| : |. Sai léch e(¢) khi TE(s)

bnb Hinh 1.8: Sai l&ch tong quat.

d6 s& dugc biéu dién théng qua anh
Laplace cua n6 1a E(s) thanh

E(s) = U(s)B(s,b) — Y(s)A(s,a).

Trong nhiéu tai liéu, sai 1éch e(¢) con duoc goi 14 sai léch dw bdo tuyén

tinh.

Bai toan dat ra la qua viéc quan sat cac tin hi¢u vao ra, xac dinh nhirng

vector tham s0 a, b sao cho

a)

b)

Binh phwong ning lugng cia sai 1éch 1 nho nhat:
0= Tl dt—> min!, (1.10a)
va néu 4p dung cong thirc Paserval
T2, = 1T 2
_J;le(t)| dt = g_{lE(]a)ﬂ dw
thi (1.9a) con duoc tinh truc tiép trong mién phirc bang

['e]

0=__ [|EGo) do— min!. (1.10b)
ﬂ-—OO

trong do E(jw) 1a anh Fourier cua e(f).

Gia trj trung binh cta binh phuwong ning lugng sai 1éch 12 nho nhat:
0= lim -~ [letf*de = lim — [|EGiof*dt — min! (1.10c)
T%oo2T_T Taoo47rT_T J v )

Ciing tuong tu nhu & truong hop 1), khi viéc quan sat tin hiéu dugc

thuc hién béng cach do roi rac day gia tri cac tin hi¢u vao/ra thi nhitng
cong thirc trén s& duoc stra doi thanh



a) 0= S[ekT,)} - min!, (1.10d)

k=—x

— 1 N o o
b) QO 1\17131w2N+1k§]%3(kTa)] — min!, (1.10e)

3) Sai léch dau vao. La loai sai léch thudng duoc dung cho 1p cac bai toan
nhan dang khong c6 nhidu du ra. Loai sai léch dau vao, do phai xac
dinh mo hinh ngugc 73 thay vi M nén cé nhiing han ché cta n6 va
cho t6i giita thap nién 90 it duoc sir dung trong thuc té. Khoang tir nim
1992 tré lai day, véi su ra doi cua ki thuat dai sé diéu khién vi phén, su
han ché nay da dan ¢6 phén duoc cai thién.

1.2 Phan lép cac bai toan nhan dang

Theo dinh nghia ctia Zadeh vé nhan dang thi ¢ ba tiéu chuan phan loai
mot bai toan nhan dang nhu sau:

— phan theo loai céc tin hi¢u da quan sat duoc,

— phan theo 16p cdc mo hinh thich hop,

— phan theo dang sai s giita d6i twong thuc va mé hinh.

Thém vao d6 khi tién hanh nhan dang mot d6i twong con can phai cha
ti cac diéu kién khach quan do yéu cau k§y thuat nhu:

— thoi gian quan sat tin hiéu khong thé 16n tiy ¥,

— tin hi€u quan sat dugc thuong bi chan.

Pé cu thé hoa nhting khéi ni€m trén cia Zadeh, hdy xét mdt vi du. Chéng
han ¢6 mot déi tuong T can dugc nhan dang. bPéi tuong 7T duoc gia thiét,
hodc tir phuong phap 1y thuyét xac dinh duge (thong tin A—priori) 1a SISO
(single input single output / mdt vao mot ra), tham sb hing va 6n dinh.
Nhi¢m vu ctia nhan dang la trong 16p cac mo hinh thich hop M; (16p cac mo
hinh dong hoc ¢6 tham sb hing va on dinh), chi nhd vao quan sat cac tin
hiéu vao ra u(f) va y(f), xac dinh mot mo hinh TMeM, cho dbi tugng sao
cho sai sb gitta mo6 hinh TM va ddi tuong that T, dwoc ky hiéu bai S(T,TM),
14 nhé nhat.
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Ta c6 bai toan nhan dang tht nhat nhu sau:

1) Qua quan st tin hiéu vao ra u(f) va y(f), tim TMeM, dé ¢6 S (T,TM )—>
min!.

Néu nhu ngoai cac tin hi¢u vao ra, tac dong toi dbi tuong con cod nhiéu
n(f) 1am cho tin hiéu thu dugc dau ra y(7) c6 sai 1éch so véi tin hiéu that yo(7)
thi bai toan nhan dang nay con c¢6 thém nhiém vu khong don gian chut nao
1a tach sy anh hudng ctia nhiu n(f) vao yo(£). Ta ¢ bai toan nhan dang thu
hai:

2) Qua quan sat tin hiéu vao ra u(?), y(f) dé loc ra yo(f) hiy tim TMeM,
theo u(¢) va yo(¢) sao cho S(7,7M ) — min!.

Thong thuong, & nhitng bai toan nhan dang c6 nhiu nhu bai todn 2, ma &
d6 yo(7) khong tach duoc ra khoi y(¢) thi bit budc phai xac dinh TM eM;
phu thudc vao u(f), y(¢) va sau d6 méi danh gia sy anh hudng cia nhiéu n(r)
vao két qua.

Véi gia thiét thém rang tir thong tin A—priori ciia phuong phap 1y thuyét
ngudi ta con dugc biét thém 13 ddi twong ruyén tink, thi 16p cac mé hinh
thich hop by gio 14 tap con My <M, chi gdm cac mé hinh dong hoc tuyén
tinh ¢ tham sb hﬁng va 6n dinh. Bai toan nhan dang ban dau duogc don gian
thanh:

3) Qua quan sat tin hiéu vao ra u(f), y(¢) dé loc ra yo(?), xac dinh TM eM,
theo u(¢) va yo(¢) sao cho S(7,7M) — min!.

Tiép tuc, néu nhu sai sb S(T,TM) duoc cho cu thé 1a sai 1éch dau ra véi
phuong trinh biéu dién (1.8) thi s& c6 dugc bai toan sb 4 nhu sau:
4) Qua quan sat tin hiéu vao ra u(f), y(f) dé loc ra y(f), hiy tim TM €M,
theo u(z) va yo(f) sao cho Q= ojo[yo(t) —yyu®Fdt — min!.
0

Gia thiét thém rang tir théng tin A—priori c6 dugc md hinh thich hop 1a
md hinh tham s6 hing, chiang han nhu TM c6 dic tinh tin 1a ham hitu ty
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phtc véi vector tham s6 g, b thi 16p cac mo hinh thich hop bay gid sé 1a tap
con M3 cM, chi gdm cac ham hitu ty phitc G(j @, a,b).

Néu ky hiéu Yy(jw) cho anh Fourier cta yo(f), U(jw) 1a anh cta u(f) thi
bai toan 4 tr¢ thanh bai toan nhan dang mo hinh tham s6 duoc phat biéu nhu
sau:

5) Qua quan sat tin hiéu vao ra u(7), y(¢) dé loc ra yo(?), xac dinh vector

tham s a, b dé ¢6 2L [|[EG@)fdo — min!.
T

Nhu vay, qua vi du véi nam bai toan trén c6 thé nhan thay, tir mot van dé
xay dung mo hinh dong hoc cho ddi twong 7, voi nhitng thong tin A—priori
khac nhau l1a nhitng bai toan nhan dang khac nhau.

Trong ca nam bai toan dugc néu trén, khi nhan dang, ta déu phai do ca tin
hiéu vao va tin hiéu ra. Boi vay nhitng bai toan d6 rat phu hop voi cac diéu
kién nhdn dang bi ddng (passive), hay con goi nhdn dang triec tuyén
(on-line) cua diéu khién thich nghi ma & d6 ddi twong nhan dang khong thé
tach riéng ra khoi hé théng ciing nhu qué trinh nhan dang phai duoc thuc
hién song song cung véi qua trinh 1am viéc ciia toan bd hé thong.

Néu nhu diéu kién cho phép tach ddi twong ra khoi hé thdng khi nhan
dang thi dé tranh viéc phai do tin hi¢u vao (va do do bét di mot sai sb do) ta
c6 thé chu dong kich thich ddi tugng bang mot tin hiéu vao thich hop va chi
phéi do tin hi¢u ra. Nhitng dang bai toan nhan dang nhu vay dugc goi la
kiéu nhdn dang chi déng (active) hay nhdn dang khéng truc tuyén
(off-line). M6t trong nhimng tin hiéu dau vao thuong hay dugc st dung khi
nhan dang chu dong 1a tin hiéu 6n tring, tirc 1a loai tin hiéu c6 mat do phd 1a
hang s6 & moi gia tri tan so.

1.3  Qua trinh ngiu nhién

1.3.1 Khai niém

Khi do tin hi¢u vao/ra, trang thai dé nhan dang ddi tuong hay hé théng,
két qua nhan dang s€ phu thudc rat nhiéu vao tinh chinh x4c cua cc phép do
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nay. Khac voi loai tin hi¢u tién dinh 1 v&i nhiing diéu kién do nhu nhau cac
phép do s& cho ra ciing mot két qua thi khi do tin hiéu ngiu nhién, mic du
cac phép do déu duogc thyc hién trong cung mot diéu kién, cac két qua do s&
rat khac nhau. Vi du dé do duogc tin hiéu x(f) nguoi ta ¢ thé nhan duoc rat
nhiéu (tham chi khong dém dugc) cac ham thoi gian khac nhau. Diéu nay
gay khong it kho khan cho viéc mo ta va xu ly ching.

Tuy nhién, néu biét dugc thém rang cac ham thoi gian nhan dugc nay co
cung mot tinh chit £ nao d6 dic trung cho tin hiéu x(¢) thi viéc mé ta tin
hiéu x(7) c6 thé dugc thay bing viéc mo ta tip hop x(7) cua tit ca cac ham
thoi gian ¢ cung tinh chat E trén. Tap x(¢) duoc goi 1a mot qud trinh ngdu
nhién, trong do tin hiéu x(¢) nhan dugc chi la mot phﬁn t (hinh 1.10).

1.3.2  Cac tham s6 ciia qua trinh ngiu nhién
Mot qua trinh ngiu nhién x(f) dugc mo ta mot cach day du boi cde ham
phan bo.
1) Ham phan bd bac mot
F(x, )= P(x(?) < x) (1.11)
xac dinh x4c suit xuat hién ham thoi gian ma tai thoi diém ¢ co gia tri
khong 16n hon gia tri x cho trudc.
2) Ham phan b bac cao
Fxi,x2, ...,xn,t1, b, ..., tn)=PX(t) <x1,x(t2) £x2, ..., X(tn) < xn)
xéac dinh xac suét xuat hién ham thoi gian ma tai thoi diém tk co gia tri
khong 16n hon gia tri xk, cho truéc k=1,2, ... , n.

Pao ham cua cac ham phan bo

fx, 0) = % (1.12a)
f(xl,xz,...,xn,tl,tz,...,tn)Zﬁ (1.12b)
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duoc goi 1a mat do phdn bé . Dbi voi f(x, ) thi tr mdt giad tri Ax>0 cho
trude, tich f(x,f)Ax s& cho biét xac sudt xuit hién ham thoi gian nhan duoc
trong khi do tin hi¢u ma tai thoi diém 7 co gia tri nam trong khoang[x, x+Ax ]

Cho hai qua trinh ngau nhién x(¢) va y(¢). Cling trong tw nhu véi mot qua
trinh, ham phan bd cho hai qué trinh ngu nhién

Fx,y, i, ) = P(x(t1) <x, y(t2) <))
duoc hiéu 1a x4c suit xuat hién ham thoi gian cua x(f) ma tai thoi diém #; ¢o
gia tri khong 16n hon gia tri x va cta y(7) ma tai thoi diém £, c6 gi tri khong
16m hon gia tri y.

Mic du cac ham phan bd da c6 thé mé ta duoc ddy du tap x(¢), song nd
van con qua phirc tap. Boi vay, thay vi phai xac dinh cu thé cdc ham phan
bd ngudi ta thudng hay xac dinh cac tham sé ngiu nhién dic trung cia no.
Véi mot 16p cac ham phan bd dic biét (vi du ham Gauss) hoan toan cé thé
tir cac tham s6 nay xac dinh dugc chinh xac cac ham phan b.

Nhitng tham sé ngau nhién ctia nhitng ham phan b bao gom:

1) Gid tri trung binh:
mx(f) = MIX(D] =[x f(x,Hd

2) Ham ty tuong quan:

rx(t, ) = M[x(1)x(52)] = OJ? T[ﬁxzf(xpxz’t1’t2)]dx1dx2 . (1.14)

Ham ty twong quan chinh 1a gi4 tri trung binh ciia mdi twong quan giira
x(?) tai thoi diém ¢, véi x(7) tai thoi diém ¢, .

3) Ham phuong sai:
ex(t, 1) = MI(x(t1) — mx(11))(x(£2) — mx(t2))]

= I _H(xl —m (1)) (x) —m () £y, %9, 1y 1) |dacy dacy

4) Gia tri tan mat: o2@t) = rx(t, t). (1.16)

5) Ham hd twong quan:
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ety 1) = MIX (0)y(B)] = [ [y £y tyoty)kddy (1.17)

—00 —00

6) Ham hi¢p phuong sai:
axy(ti, ) = M[(x(t1) — mx(t1))(y(t2) — mx(£2))] =
= e ma0) b= my @) F )iy (1.18)
C6 thé kiém chimg duoc ngay rang
cex(ty,ty) = rx(ty, t2) — mx(ty)- mx(tz) (1.19)
exy(ty,t2) = rxy(ty, ta) — mx(t1)-mxy(t2) (1.20)
Hai qua trinh ngiu nhién x(7) va y(¢) dugc goi 1a khéng twong quan, néu
exy(ti,ty) = 0, tacla ry(ty, t2) = mx(t1)-my(t2). (1.21)
Mot qua trinh ngiu nhién x(¢), néu c¢6 cac tham sé ngiu nhién khong phu
thudc vao diém gdc thoi gian, tirc 1a khong thay ddi gia tri khi truc thoi gian
dugc tinh tién mot khoang 7 bat ky, thi qué trinh d6 dugc goi 1a qud trinh
ngau nhién ding.

Mot qua trinh ngiu nhién dirng x() c6 céc tinh chat sau:

a) flx, 1) =fx, t+7) v6imoi 7 € R. (1.22)
b) mx(f) = hang s6 =: mx , trong d6 ky hiéu =: chi phép gan. (1.23)
c) rx(ty, t) =rx(0, t, — 1) =: rx(7). (1.24)
d) cx(t1, t) =: ex(7) = rx(7) — m2. (1.25)
e) o2(t) =rx(0) — m% =hang s6 =: o2. (1.26)

Hai qua trinh ngu nhién x(7) va y(¢) dugc goi 1 cing nhau dirng, néu
chting 14 nhitng qua trinh dimg va ham ho twong quan rxy(z1,t2) khong thay
dbi gid tri khi tinh tién truc thoi gian mot khoang 7 bat ky, tic 1a

rxy(ti, 1) =rxy(0, tr — 1) =: rxy(7) = M[x(¢)y(t+7)] (1.27)

C6 thé thdy ngay duogc rang, voi hai qué trinh cing nhau dimg x(7), y(f)

co:
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cexy(t, t) =: cxy(1) = rxy(7) — mxmy . (1.28)

Mot qué trinh ngdu nhién x(f), néu cac tham sé ngiu nhién thay vi phai

xac dinh tr toan bd tap hop x(¢) co thé dugc xac dinh chi v&i mot phﬁn tr

dai dién x(¢) bt ky cua tap, duoc goi 1a qud trinh ngdu nhién egodic. Nhiing

qua trinh ngiu nhién egodic phai 1a cic qua trinh ding (diéu nguoc lai
khong dung) va co cac tinh chat sau:

_ .1 7T
a) mx= Tlgrlw ﬁ—J.T" x(t)dt . (1.29)

T
b) (9= lim % [ttt + Tyt
-T

¢) rx(7) 1a ham chén va r=x(0) > | ()| .
d) lim r.(r)=m? (1.32)

T—> 0

T
¢) ry(n)= lim % [ty + o).
7

f) ry(-7)= rx(7) (1.34)
9 |ry(@] < 2 1m(0)+ 0.

h) lim r,(c)=mm,, néu x(¢) va y(t+7) khi 7— oo khong tuong quan.

Céc qua trinh ngiu nhién dugc xét trong ky thuat thuong duge gia thiét 1
cac qua trinh egodic va tir nay vé sau, moi qua trinh ngau nhién trong quyén
sach nay, néu khong noéi mot cach chi tiét s& dugc hiéu 1a qua trinh egodic.

anh Fourier Sx(jw) cia ham ty tuong quan rx(7) ctia qua trinh ngiu nhién
egodic x(¢) duoc goi 1a mdt dé phé hop ciia tin hiéu. Do rx(7) 12 mot ham
chin nén Sx(jw) 1a mot ham thyc (xem phan bai tap trong chuong sau). Boi

vay thay vi Sx(jw) ngudi ta thuong chi viét Sx(w).

anh Fourier Sx)(jw) cia ham hd twong quan rxy(7) giita hai qué trinh
ngau nhién egodic x(7), y(¢) dugc goi 1a mdt dg phé chéo cua tin hiéu. Chu y
rang khac voi mat 6 phd hop Sx(w), mat do phd chéo Sxy(jw) nodi chung 1a
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mot s6 phirc. Pinh nghia vé anh Fourier cia mot ham thoi gian cling nhu
tinh chat ctia n6 s& dugc trinh bay trong chwong tiép theo.

Mot qua trinh ngdu nhién egodic x(£) c6 ham tu twong quan dang “ham”
dirac

mx(7) = kX7),
n6i cach khac né c6 mat do phd hop 1a mot hang sd

Sx(jw) =k,
thi qua trinh ngu nhién d6 dugc goi 1a qud trinh 6n trang. Mdi phan tir cia
mot qua trinh 6n trang c6 tén 13 tin hiéu on trdng.

1.3.3  Dailwgng danh gia lwgng thong tin c6 trong ngudn phit tin
hiéu ngau nhién

Mot tin hi€u c6 kha nang truyén tai duoc nhiéu thong tin cung mot luc.
Dé tranh nham 14n, ta s& goi nhiing thong tin dwoc phat cing mét lic trén
duong tin hi€u 1a mot tin tirc. Qua duodng tin hi¢u, tin turc dugc truyén tr noi
phat (ngudn thong tin) dén noi nhan. Vay lam thé nao ma chi tir noi nhén tin
tuc va cling chi thong qua tin hi¢u nhan dugc ta c6 thé danh gia dugc lugng
thong tin ciia ngudn phat?

Hay xem minh hoa & hinh 1.11 1am vi du. Gia s ngudn phat 4 c6 m
thong tin (tdp 4 co6 m phan tir). Tin tirc s& duoc “ché bién” tir m thong tin
ndy va giri sang noi nhan B. Mdi tin tic 1 mot tap con. S6 cac tin tirc (hay
tap con cua A4) ¢ i théng tin (phan tir) chinh 1a ¢i,, i=0,1, ... , m. B6i viy
s6 tin tic toi da ma B c6 thé nhan duoc béng

N= %cﬁn =2"
i=0

bat nguoc lai van dé. Néu B nhan duoc N tin tac thi luong thong tin cua
ngudn phat 4 it nhat 13 log, N. Nguoi ta néi lugng thong tin ma B nhin duoc
tor 4 qua N tin tac la

H,=logaN (1.36)
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Nhu vay dai lvong H; 1a mot do do cho lugng thong tin cua nguén phat
A thdong qua tap cac tin tic ma B nhan dugc. Pai lugng nay céd tén la
Entropie logi 1 véi don vi do 1a bit.

Ky hi€u N céc tin tic ma B nhan dugc 1a xj, ... , xN va cd dé v dén xac
sudt p(xi) ma tin tirc thtt i duge truyén, nim 1947 Shannon di mé rong cong
thire (1.36) dé xac dinh luwong thong tin ngudn phat c6 tinh dén tinh ngiu
nhién phat tin nhu sau

- N

Hy,= —Ep(xi)logz p(x;) (1.37)
va dugc goi 12 Entropie logi 2. Trudng hop tat ca N tin tic xi, ... , xN duoc
phat voi ciing xac suat nhu nhau

plan) = =paN) =—
thi voi (1.37) ¢6

N N

7 1 1 ~
Hy ==Y p(x;)logy p(x;) == Y ——logy —=logo N= H,
i=1 i:lN N

va do d6 (1.37) khong mau thudn véi (1.36).

Xuat xu, hai cong thie (1.36), (1.37) dugc dinh nghia nhu 1a mot do do
cho luong théng tin cia mot ngudn phat. Thuc té, chung lai ¢6 ¥ nghia sir
dung nhiéu hon trong viéc so sanh va xac dinh xem ngudn phat nao nhiéu
thong tin hon trong sd cac ngudn phat di c6. Mit khac viéc tinh InN lai
thong dung hon log,N. Boi vay v nghia st dung cua (1.36), (1.37) s€ khong
thay d6i néu chiing dwoc nhan voi hiang s In2 dé xuat hién InN. Ta di dén
cong thirc “cai bién” ¢6 tinh phd thong hon nhu sau:

H, =InN (1.38)
N

va  Hr = = p(x;)In p(x;) (1.39)
i1

Tuong tu, khai niém Entropie loai 1 da dugc Smylie dinh nghia thanh dai
lvong do luong thong tin c6 trong ngudn phat mot qua trinh ngiu nhién
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(egodic) x(£), ma & d6 mdi mot tin tirc x(7) 14 mot ham lién tuc theo ¢, nhu
sau

Hy= [InS,(@)do. (1.40)

Ciing nhu vay, khai niém Entropie loai 2 cho lugng thong tin ctia ngudn
phat qua trinh ngau nhién x(¢) 1a:
Hy=— OJ?Sx(a))lnSx(a))da). (1.41)
Cau hoéi 0n tap va bai tap

1. Thé nao 12 mot bai toan nhan dang bi dong mo hinh c6 tham sb, mot
bai toan nhan dang chi dong mo hinh khong c¢6 tham s6?. Néu vi du
minh hoa.

2. Xét ddi tuong diéu khién 1a mot hé co gdm 10 xo0 ¢ va mdt vat khéi
luong m. Vat s& chuyén dong trén truc nam ngang dudi tic dong cia
lyc F' (hinh 1.12). Luc F dugc xem nhu 1a tin hi€u vao va quang duong
s ma vat di duoc 1a tin hiéu ra (dap tng ctua ddi twong). Hay xac dinh
16p cac mo hinh thich hop mé ta ddi twong. Pé c6 duoc mdt mé hinh
cu thé twong d6i chinh xac cho ddi twong thi ngudi ta phai lam gi
thém?.

3. Hay xac dinh 16p cac mo hinh thich hgp cho hé co ¢ hinh 1.13 gém 1
16 x0, mot vat c6 khdi luong m va khau suy gidm véan tdc d. Tin hiéu
vao cua h¢ 1a luc u(¢) taic dong vao vat, tin hiéu ra 1a quang duong y(¢)
ma vat di duge. Pé ¢6 dugec mot mo hinh cu thé tuong ddi chinh x4c
cho ddi tuong thi nguoi ta phai lam gi thém va nhu thé nao?.

4. Gia sir rang tir cac thong tin A—priori ban dau nguoi ta da xac dinh
duoc rang mot dbi twong tuyén tinh s& c6 mo hinh dang

Gls) = 1 +kTs

Kich thich dbi twong bang mot tin hiéu 1() tai dau vao ngudi ta thu
duoc dap tng y(¢) nhu 6 hinh 1.14. Hiy tim cac tham sb k va T cho mo
hinh trén.
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Hay chimg minh cac cong thirc (1.22)+ (1.26) vé tinh chit cia qua
trinh ngau nhién dimg va (1.29)+(1.35) vé tinh chét cta qua trinh ngau
nhién egodic.

C6 thé ndi mot qua trinh ngiu nhién egodic ciing 1a mot qua trinh ngu
nhién dung dugc khong va tai sao?

Mot qué trinh ngiu nhién dimg cé phdi 14 mt qua trinh ngdu nhién
egodic khong va tai sao?

Mot ngudi di xe may c6 4 s 51=0, s;=1, s3=2 va s,=3. Biét rang xéc
sudt str dung céac sb cta nguoi d6 1a p(s1)=0,08; p(s2)=0,12 ; p(s3)=0,3
va p(s4)=0,5. Hay tinh luong thong tin (Entropie) danh gia viéc su
dung s6 cta ngudi lai xe nay.
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2 Nhin dang mé hinh khong tham s6 nhé phén tich pho tin hiéu

Ky hiéu /() 12 ham qua d6 cua ddi tuong, tic 1a dap tng cua d6i tuong
khi duoc kich thich béi tin hiéu Heaviside tai dau vao

1(r)={

1 khi t>0
0 khi ¢t<0

Theo dinh nghia néu ngay tir chwong mé dau thi viéc mé hinh héa ddi tuong
chinh 14 viéc mo t4 4nh xa gilra tin hi€u vao u(¢) va tin hi¢u ra y(7):

TM: u(t) — y(t)

Vi dbi tuong tuyén tinh, anh xa trén s€ dugc mo ta bdi tich phan Duhamel:
d t
y(t) :Egh(t —nu(r)dr,

tie 1a théng qua A(f) ta ludn xac dinh duoc y(7) tir tin hiéu dau vao u(z). Boi
vay ham qua do h(f) dd mo ta day du d6i twong va do dé né co thé dugce xem
nhu 12 mot mé hinh (khong tham sb) cua d6i tuong.

Ciing nhu vay, néu goi g(¢) 1a ham trong lugng, tic 1a dap ung cua dbi
tuong khi dugce kich thich béi tin hi¢u dirac &) tai dau vao

am:% 2.1)

thi anh xa TM : u(¢) > y(¢f) mo ta quan h¢ vao/ra s€ la
t

W(0) = u(Dh(0)* Jut)gt-d.
0

Néi cach khac, gibng nhu A(7), thong qua g(¢) ta ludn co duge y(f) tir u(f) va
do d6 g(7) ciing ¢6 thé duge xem nhur 1a mot mé hinh khong tham sé cua dbi
tuong.



Nhu vay, viéc nhan dang mé hinh khong tham sé s& dong nghia véi viée
nhan dang ham qua d9 A(f) hay ham trong luwong g(f). Mot trong nhiing
phuong phap nhan dang mé hinh khong tham sb don gian nhat cho ddi
tugng tuyén tinh 1a phuong phap cha dong (active) xac dinh ham qua 46 A(7)
bang cach kich thich dbi tugng véi tin hiéu Heaviside tai dau vao rdi do tin
hiéu dau ra. Hinh 2.1 1a mot vi du minh hoa két qua nhan dang chi dong md
hinh khéng tham sb A(f) ciia dong co xoay chiéu ba pha theo cach thirc vira
trinh bay trong trudng hop 1y tuong rang khong cé nhidu tac dong vao ddi
tuong va cac phép do la chinh xac 100%.

h(t) (vong/phut)

T T T
| |
1500 - — — — A+ — =
| | |
1200 - ——f —+—— —— —— —— ————
| | |
900 - —f——+ ————F————— ———
| | |
Y, ) AN A I R I
Hinh 2.1: Két qua nhan dang chd déng mé hinh 600 T 1 ‘
khéng tham sé cho déng co xoay chidu ba 3004 ——— 4 1 _ [
pha. : : }
4 8 12 t (giay)

Tuy nhién, khong phai lic ndo ciing cé cac diéu kién 1y tuong dé ap dung
dugc phuong phap nhan dang chu dong. Trong bai toan nhan dang thyc té
ngudi ta ludn phai tinh t6i kha ning ¢ nhidu tac dong 1én ddi tuong, ciing
nhu 161 hodc nhidu c6 14n trong gia tri ciia phép do tin hiéu din t6i két qua
thu duoc c6 sai s6 anh hudng t6i sy ing dung sau ndy cia md hinh. Mt
khac bai toan nhan dang chi dong ludn yéu cau déi twong phai dugc tach roi
khoi hé théng va phai duoc kich thich br:ing mét tin hiéu chon trudc ma diéu
nay khong phai lac nao cling thuc hi¢n dugc. Tur 1y do d6, ¢ day chung ta s€
khong di sau thém vao nhiing phuong phap chu dong nhan dang mé hinh
khong tham s voi nhiing tin hiéu miu dit trude ¢ dau vao, ma thay vao do
la cac phuong phap nhan dang bi dong (passive) c6 kha nang loai bd anh
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hudéng ciia nhiéu trong qua trinh nhan dang va mét trong cac phuong phap
nhu vay 1a nhan dang bang phan tich pho tin hi¢u.

Vi (2.1) thi tir g(¢) ta cling suy ra dugc A(f) va nguoc lai nén bai toan
nhan dang mo hinh khong tham s s& dwoc goi 1a di giai quyét xong néu
nhu da xac dinh dugc g(r) hay anh Fourier G(jw) cia nd. Chuong nay sé
trinh bay cac phuong phap nhan dang duong dic tinh tan G(jw) cling nhu
diy cac gia tri {Gn} v6i Gn=G(jnQ) cho mot d6i tugng tuyén tinh can nhan
dang trén co s& quan sat ca hai tin hi€u vao va ra (nhan dang passive/ hay
on-line), bao gdbm cac nodi dung sau:

— Nhan dang mat do phé tin hiéu béng ky thuat DFT. Panh gia sai s6 va
cac ky thuat 1am giam sai sb.

— Xaéc dinh ham trong luong, ham qué dd tu phé tin hiéu theo thuat toan
cuc tiéu sai léch.

Sau khi di c6 duong dic tinh tin Gn =G(jnQ)) mo ta ddi tuwong, trong
chuong 3 chung ta s& lam quen tiép cac phuwong phap khac nham xéac dinh
c4u triic mo hinh cling nhur tham sé ctia n6 tir mé hinh khong tham sé da thu
duoc.

2.1 Toan tir Fourier roi rac (DFT)

Toan tu Fourier roi rac (discret Fourier transformation — DFT) 1la mot
truong hop dic biét cua toan tir Fourier lién tuc (CFT), dugc su dung dé
phan tich tin hi¢u roi rac c6 thoi gian séng hitu han, vi du nhu nhiing tin
hiéu chi ton tai trong mot mién thoi gian gi6i ndi [0,7), ngoai mién nay thi
duoc coi 13 bang 0.

Nhiing tin hi€u roi rac, ¢ thoi gian séng hitu han x(¢) déu c6 thé biéu
dién dugc dudi dang mot ddy sb hitu han {xk}, k=0,1, ..., N-1 rat tién
cho viéc xir 1y chung trén may tinh. Sy bung nb tng dung clia may tinh
trong cac nganh ky thuat hién nay da dua DFT Ién vi tri s6 mot trong tu
dong hoa phan tich va xtr ly thong tin, tin hiu.
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Tuy nhién, phan 16n céc tin hiéu c6 trong ti nhién lai déu ton tai dudi
dang lién tuc, va chi vi dé tién cho khau tu dong xur Iy chiing ma ngudi ta da
phai roi rac hoa ciing nhu hitu han hoa thdi gian séng ctia no, bién né thanh
mot tin hiéu roi rac, 6 mién xac dinh gidi ndi. Piéu d6 di lam cho anh
Fourier, hodc phé cua tin hiéu thu duoc nhd toan tir DFT, ¢6 chira sai s6 so
v6i pho tinh bang toan tir Fourier lién tuc. Viéc phan tich sai sé cia DFT va
dé ra cac phuong phap lam giam sai s6 d6 1a nhiém vu chinh cia su tng
dung toan tir DFT.

Sau day, mot sd két qua chinh ciia viéc nghién ciru nay s& dugc trinh bay
bao goém:

— DFT la dang toan tir Fourier lién tuc (CFT) theo quan diém ham mo
rong,
— sai s& ciia DFT so v&i CFT do viéc roi rac hoa tin hiéu sinh ra — hiéu
mg trang pho (aliasing),
— sai s6 ctia DFT so véi CFT do viéc hitu han hoa thoi gian séng sinh ra
— hi€u ung 10 ri (leakage),
trong d6 DFT s& duoc xdy dung bang cach xem no 1a toan tr Fourier lién

tuc trén quan diém 1y thuyét ham mé rong dirac 7).

2.1.1 Ham mé rong dirac

C6 thé noi rang, nhd c6 ly thuyét ham mo rong (distributions) ma ban
chét toan hoc ctia "ham sd" dirac “J(f) méi duoc hiéu mét cach chat chd va
téng quat. Thé tai sao khong c6 khai niém ham mo rong thi ban chit ham
dirac lai chua duoc hiéu chat ch&?. Ta hay xét mot vi du minh hoa.

Vi du: Tir tinh chat

L{E )= sX(s) - x(+0)

clia toan tir Laplace, trong d6 L 13 ky hiéu chi phép bién d6i Laplace va X(s)
1a anh Laplace ctia x(7), ta s& c6 véi x(£)=1(¢) diéu phi ly sau:

L{&0)} = s% -1 1=0.
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Diéu phi 1y trén di din nguoi ta téi suy nghi rang cong thirc chinh xéac
phai la:
L{ % 1= sX(s) — x(—0) = sX(s) (vix(r)=0khi<0)

va cong thirc nay c6 thé dugc ching minh chat ché véi khai niém ham mo

R
e &)
x(0)
Hinh 2.2: Ham 13 anh xa tir D vao ——
R D

rong. 0

Khai niém "ham mé rong" cua [I(7) xudt phat tir ban chat "khong ham
sd" ctia nd, chiang han nd khong dung nhu dinh nghia toan hoc kinh dién 1a
anh xa tir R vao R. Thuc chit né 1a mot phép tinh chuyén d6i ham lién tuc
x(7) thanh s thye.

Néu goi D 1a tap tat ca cac ham x() lién tuc, co

supp x()={ t eR| x(¢) # 0}
gidi ndi trén R (ham c6 thoi gian sdng hiru han) thi ham mé rong dirac [1(7)
duoc hiéu 12 mot anh xa lién tuc, myén tinh, tir D vao R (hinh 2.2) nhu sau

o(t o
x(?) i)) x(0) := [s(t)x(t)dt, (2.2)

trong d6 dau tich phan khong cé ¥ nghia toan hoc nhu tich phan Riemann
hay Lebegues ma thuan tay né chi 1a mot biéu twong noi rang phép tinh
(t):D—>R cb cac phép bién doi trong tinh toan (cong, trur, nhan, chia, dao
ham, ...) gidng nhu mdt tich phan. Ching han nhu céc phép tinh sau:

1) Té(t - D)x(t)dt = T&(t)x(t +7)dt (2.3a)

—00
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2) TS(t)x(t)dt =- T&(t)a’c(t)dt = —x(0) (2.3b)

3)  [stanxd =ﬁ i §(t)x(£jdt hay S(at)=-L &(1) (2.3¢)

a
Ciing tlr cac tinh chat nay ma cong thirc (2.2) dinh nghia ham dirac [1(f) con

duoc viét thanh

xk =x(kTa) = Ta(t —kT,)x(t)dt = T&(t)x(t+ kT,)dt . (2.4)

Nhiing khai niém tong quat vé ham mé rong néi chung (khong riéng ham
dirac [1(7)) ban doc c6 thé tim thiy trong chuong 5 cua quyén sach nay.
2.1.2 Mo hinh héa qua trinh roi rac tin hiéu

Cong thtrc dinh nghia (2.4) duoc goi 1a cong thuc trich mau tin hiéu x(¢)
tai thoi diém r=kTa. Nham thong nhit ¥ nghia vé ky hiéu trich mau tin hiéu
x(kTa) cho ca hai cach viét véi ham dirac &7) va véi ham Kronecker k()

Mﬂz{

1 khi ¢=0
0 khiz=0

tuc 1a
xk =x(kTa)=k(t—kTa)x(t)=k(t—kTa)x(kTa),
tir nay vé sau cong thirc dinh nghia (2.4) s& duogc viét lai thanh
xk =x(kTa)=0(t—kTa)x(t)=0(t—kTa)x(kTa), (2.5)

trong d6 phép “nhan” gitra ham dirac &7) v6i mot ham thuong x(¢) phai hiéu
1a phép tich phan (2.2).

L

Hinh 2.3: a) Db thi ham rang luoc.

~v

1
Ta

~

b) M6 hinh héa qua trinh trich m&u tin hiéu.
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Dé thu duogc day cac gia tri {xk} voi xk=x(kTa), tirc 1a diy biéu dién cac

gia tri cua tin hi€u x(¢) tai nhitng thoi diém ... ,—Ta,0,Ta,... ,tir(2.5)ta
co
(k)= 3 200 - kT,)=x(f) 3 5(t-RT,). (2.6)
k=-0 k=—x0
Néu ky hiéu xa(?) 1a diy {xk} va sa(f) 1a ham mé rong
sa(f)= S 5(t-kT,), 2.7)
P

thi viéc rdi rac hoa x(¢) thanh ddy gia tri {xk} biéu dién duoc qua tich

{xk} = xa(t) = x(t)sa(t) (2.8)
va do do xa(f) ciing 1a mét ham mo rong (tich cia ham md rong véi ham
thuong 1a mot ham mé rong). Ham sa(¢) con dugc goi la ham rang luoc
(hay ham roi rac hoa).

2.1.3 4nh Fourier cia ham mé rong

Cho dén ltc nay, khai niém ham dirac &) da duoc tom tit twong d6i day
du, vé dinh nghia, tinh chét, va quan trong hon ca 1a vé cic phép bién doi
dugc xdy dung trén ¥ nghia ham m& rong. Tuy nhién, dé c6 thé ap dung
dugc chung vao viéc mé tda DFT nhu mot toan tu Fourier lién tuc trén D thi
van con thiéu khai niém vé anh Fourier ciia ham mé rong ma trong mot vai
tai liéu khac nhau con dugc goi 1a todn tir Fourier mo rong.

Tir nay vé sau ta s& théng nhit voi nhau rang, khi néi dén tin hiéu x(¢), thi
x(f) duoc hiéu 12 mot ham thwong va lién tuc tirng khiic. Néu tin hiéu x(¢)
lién tyc tai 7a thi gia tri x(7a) cua tin hi¢u x(¢) tai thoi diém 7a theo nghia
ham m¢& rong s¢€ la

x(Ta):=o(t—Ta)x(t)=x(Ta) o(t—Ta).
Bay gid ta xét toan tir Fourier. Cho tin hiéu x (7). Néu x(¢) thoa man:

1) T|x(t)|dt < oo (ttrc 1a mot s6 hiru han),

—00

36



2) trong mot khoang gidi ndi bat ky lién tuc timg khiic chi ¢ hiru han céc
diém cuec tri,
3) tai diém khong lién tuc £ thoa man

x(to) = % [x(20—0)+ x(£10)]

thi x(¢) c6 anh Fourier X(j w) xac dinh boi

X(jow) = [x(t)e/™dt (2.9a)

—00

va nguoc lai x(¢) cling dugc suy ra tir X(j ) theo
x(0) =L [X(joyei™do . (2.9b)
2z 7,

C6 thé nhéan thiy ngay rang toan tir Fourier 1d mot toan tir tuyén tinh, tic 1a
a-x(H)+ b-y(t) = aX(jo)+tb-Y(jo).

Ciing twong ty nhu dbi voi ham thudng, anh Fourier Xa(jw) ciia ham mé
rong xa(f) thu dugc nho tinh chat tuyén tinh cua toan tir Fourier:

Xa(j o) = Txa(t)e_j”tdt= T[ ix(t)a(t—kTa)]e—Wdt
k

—00 —00 =—0

= i [Tx(t)é(t—kTa)ej‘”tdtJ,

k=-0\_x

va cung voi cong thirc dinh nghia (2.2) duoc:

Xa(j o) = f x(kTa)Té(t—kTa)e_j”dt = ixke_ja’kT’l. (2.10)

k=—0 —» k=—0

o T,
Theo (2.10), Xa(j ) 1a mot ham tuan hoan véi chu ky QaZ;—” ,tac la

Xa(jw) = Xa[j(w+nQ,)],

trong d6 n 1a s6 nguyén (n €2).
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2.1.4 Quan hé¢ gitra X(jw) va Xa(jw)

Nhu vay, thay cho két qua 1a tim anh Fourier X(jw) ctia x(¢), sau khi thuc
hién vi¢c ro1 rac hoéa ta lai chi thu duoc Xa(jw). DPé co thé tir Xa(jw) tinh
nguoc ra dugc X(jw) thi can thiét phai xac dinh dugc mdi quan hé giira
X(jw) va Xa(j o).

Trudc hét ta chimg minh hai dinh 1y sau.

Pinh ly 2.1:
A1) Z% Tcos(a)t)da):alij;%. (2.11)
Churng minh:

Xuét phat tir hai cong thire dinh nghia (2.9b) va (2.9a) vé toan tir Fourier ta
co

x(0) =$ TX(jw)daa:% [ [ Tx(t)e_j‘”tdt}dw = [i ofe_j‘”tda)]x(t)dt

—00\ —0

va sau khi so sanh voi (2.2) s€ dugc

&) =$ [e7do.

—00

Nhung vi

e/ = cos(at) — jsin(wt) Vva Ofsin(a)t)da) =0
do ham sin 12 ham 1¢, nén cudi cing ta c6 diéu phai ching minh thir nhét:
1) =1 OJ?cos(w Hdo . (2.12)
2z

Tiép tuc, néu viét (2.11) thanh

sin(w t) a

a
Xt) = lim € jcos(a) t)Ydo = lim
a—w 27T Za aso 27t _a

s& c6 duoc diéu phai ching minh tht hai.
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DPinh ly 2.2 (Papoulis): anh Fourier Sa(jw) ciia ham rang lugc sa(f) dinh
nghia boi (2.7) cling 1a mdt ham rang lugce va cé dang (hinh 2.4)

Sa(ja)) =Q, i&(a)—nQQ)

Sa(j w)

Hinh 2.4: anh Fourier ciia ham rang lwoc cling | | | | >
la ham rang lwoc. _) <_ | @
i Qa i

Chitng minh:
Ciing lai xudt phat tir cong thirc dinh nghia toan ti Fourier thi

Sa(jw) = e

n=—w

va do d6 Sa(jw) tuan hoan véi chu ky Qazi—”. Boi vy sé du néu ta chimg

a

minh dugc rang trong 1an can diém 0 ham Sa(jw) c6 gia tri
Sa(j w) =Q,X o). (2.14)

ap dung cong thirc tinh téng ctia mot cdp s6 nhan cho (2.13)

. 0 ionT. N ionT
Sa(]a)) = Ze_ﬂ”n @ = lim Ze_][”n a
n=—w Now,°N
Sin(V + Do T, Sin(N + D)o,
=lim— 2 ‘= lim 2 ° | 7ol
N> . @ Ta N—>o ﬂa)Ta . C()Ta
Sin s ——
5(aT,)
va theo cong thirc trich mau (2.5) thi diéu nay tuong duong vai
. 7o T,
=5T,) li a_
SO Zow T By

Két hop cung tinh chat (2.3¢), suy ra dwoc
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Sa(jw) =2n-& wTa) :;_” X o).
va d6 chinh la cong thirc phai chirng minh.

Tré vé van dé chinh 13 xac dinh mdi quan hé gitta X(jw) va Xa(jw). Nhé
lai mot tinh chit cua toan tir Fourier lién tuc 1a anh cua tich hai ham trong
mién thoi gian chinh 14 tich chap cta hai anh trong mién phuc x(F)y(f) +—>
X(jw)*Y(jw), trong d6 tich chap trong mién phic dugc dinh nghia boi

X(jo)*Y(jo) =$77X<jc>Y[j(w—§>]d§ :
thi tir cong thirc (2.8) mo ta qua trinh trich mau, dugc

Xa(jo) = [X(j0S, [jw-0ldc (2.15)
Thay cong thuc cta dinh 1y 2.2 vao (2.15) c6

Xa(jo) =%J <§>[ ia@ {-n0 >] ¢

1
T,

n=—ow

(XG0 -n0)ds

X[i(@-nQ,)]
va cudi cung ta di dén dinh Iy 2.3:

Pinh 1y 2.3: Giita anh Fourier Xa(jw) cta xa(f) va X(jw) cua x(f) ¢6 mdi
quan h¢

Xajo) = 7 > x[jo-n0,)]. (2.16)
(2.16) 1a cong thirc rat dep, mo ta quan hé giita hai anh Xa(jw), X(j ).

Chi riéng cong thirc nay da néi 1én duge hidu tmg tring phd ciia DFT va ban
chat dinh 1y Shannon s& dugc dé cap téi ngay trong muc tiép theo.
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2.1.5 Hiéu tng trung pho va dinh Iy Shannon

Hiéu tng trung phd (aliasing) duogc truc tiép nhin thay trong dinh 1y 2.3
va hinh 2.5 biéu dién cong thirc (2.16). D6 13 hién twong ma cac thanh phan
thira ctia X(jw) co6 1an trong Xa(jw) khi dich truc toa do dé thuc hién phép
cong (2.16).

\ Xa(/a))

VY.

) ) b)

;g

]
Qq

Hinh 2.5:  a) Phd X(jw) cla tin hiéu x(¥).
b) Phd Xa(jw) cha tin hiéu xa(?), tic 1a cha day {xk}.

Dé loai bo cac thanh phan thira nay thi tir cong thirc (2.16) cta dinh ly
23¢6

Ta-Xa(jw) = X(jo)+ S X[j-n0y)]
0

Ban chat hiéu (ing tring phd
va do do hién tugng trung pho s€ mat néu (hinh 2.6)

Sxljw-nol=0 ,  -loge<lo, 2.17a)
e

Trong truong hop X(j w)=0 khi | w|> %thi dé co (2.17a) ta chi can chon

Ta<2~
Q

va ltc nay, phd X(jw) s& dugc suy ra tir Xa(jw) mot cach don gian nhu sau

Xa(j ) =TLX( jo) khi - % Q<o < % Q.. (2.17b)
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T nhitng két luan trén ta suy ra duoc:

Pinh 1y 2.4 (Shannon): Néu phd X(jw) cua tin hiéu x(f) ddng nhat bang 0

- A e A Q v g N , X
ngoai mién gidi ndi | o] > |2 , thi v6i chu ky trich mau

Ta< 2%, (2.18)

anh X(jw) cua x(7) s€ suy ra dugc Xa(jw) cua xa(t)={xk} theo cong thirc
(2.17b).

Cong thirc (2.18) duoc goi 1a chu ky trich mau Nyquist va dinh 1y 2.4 trén,
ngoai té€n goi dinh 1y Shannon, cling con c6 mot goi khac 1a Katelnikov, bdi
1€ Shannon va Katelnikov da ddc 1ap v6i nhau tim ra né.

X(jo)

N

—
Q 1

Xa(j )

w;

T >
—
Q 1

a a

Hinh 2.6: Giai thich dinh ly Shannon-Khatelnikov va chu ky trich mau cta Nyquist.

2.1.6 Hiéu ungrori (leakage) va ky thuit ham cira s6

Mic du da roi rac héa tin hiéu x(¢) thanh day {xk}= xa(f), viéc tinh phd
Xa(j w) theo cong thure (2.10)

Xa(jo) = 3 xpe i a (2.19)
k=—x

van chua thé thuc hién dugc trén may tinh chi vi mot Iy do 1a day {xk} c6
v6 s6 s hang (k chay tir —o dén o) va diéu nay dong nghia vai viée thoi
gian quan sat (do) tin hi€u 7 phai 16n vo6 cung.
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Dé co thé cai dat (2.19) thanh thuét toan tinh Xa(jw) thi cAn thiét phai cit
b6t nhitng s6 hang xk khi k nam ngoai khoang quan sat [0,7), hay noi cach
khac phai hitu han hoa thoi gian sdng cta tin hiéu x(¢), xa(f):

x(t) khi 0<¢<T

x() > %)=
0 = =0 {o khi ¢>7 hoge £<0

x,(t) khi 0<t<T

= xa@) x“(t)_{o khi tefo,T)

Qua trinh hiru han hoa thoi gian sdng cua tin hiéu x(7), xa(f) thanh (@),
%,(t) theo cic cong thirc trén c6 thé mo ta dugc mot cach rat don gian bang
cach nhan chung véi ham cira s6 w(f) dinh nghia nhu sau (hinh 2.7)

w(t) = {1 khi 0<¢<T

0 khizg[0,7) (2.20)

tie 1a

)= w(Hx(t) va  x,t)= w(t)xa(r).

x(2), xa(?) 4 X(2),%,(2) w(?)

A 2

Hinh 2.7: M6 t& qua trinh hi*u han héa thdi gian sbng cda tin hiéu.

Sau khi hiru han héa thoi gian sdng cua tin hiéu theo (2.21) va ap dung
cong thuc (2.19) dé xac dinh anh Fourier X,(jo) cia %,(¢) ta co

%, (o) =§Oxkefm”a : (2.22)
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v6i N 1a s6 nguyén nho nhit nhung khéng nhé hon Tl

Nhu vay, khi hiru han hoa thoi gian sdng cta xa(r) véi khoang [0,7)
thanh %,(t) =w(f)xa(?), ta s& chi nhan dugc anh Fourier X,(jo)

X, (jo)=W(jo)*Xa(jo) = [WiHX,li@-0lds

cua x,(¢)cher khong phai Xa(jw) cua xa(f) nhu mong doi va gilra hai anh
X,(jo), Xa(jw) nay tdn tai mot sai 1éch duge goi 1a sai 1éch ro ri (leakage).
Sai léch nay cang nho néu T cang 16n. Tuy nhién khong thé ap dung phuong
phap ting thoi gian qua sat 7 dé giam sai 1éch ro ri, vi nhu thé ta sé quay tro
lai bai toan dau 1a thoi gian quan sat tin hiéu vo cung 16n.

Mot giai phap khac dugc sir dung dé giam sai s6 ro ri 1a ki thuat ham cira
s0. Tu tuong ciia phuong phap ndy nim ¢ mo hinh hitu han hoa thoi gian
sdng tin hiéu theo cong thic (2.21) va van dé dit ra 1 phai tim duoc ham
ctra s6 thich hop w(?) sao cho binh phwong sai léch

~ 2
Xa(ja))—Xa(ja))‘ do

0=

dat gia tri nho nhit. Pay chinh 1a mot bai toan toi wu phi tuyén [12], [13].
Loi giai tong thé cho bai toan tdi wu trén chua co, song Geckinli, Yavus da
dua ra trong [5] nhimng tinh chit can c6 ctia nghiém t&i vu w*(f) nhu sau:

1) wH(t+ g) 1a ham chin, khong am,

2) wH()=1,

3) khi dao ham bac m cta w*(£) khong lién tuc tai mot diém ¢ [0, 7] nao
d6 thi cac diém cuc dai cua duong dic tinh tan logarit ctia w*(t—%)
trong mién phirc phai tién dén 0 v6i van tdc 16n hon 6(m+1)dB/dec.

Can cu theo ba tinh chat trén nguoi ta da dua ra bang cac ham cura s6 lam
gidam sai 1€ch ro ri mot cach hi¢u qua thuong dugc st dung nhu sau:
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g)

h)

1 khi 0<¢<T

Xung vudng wo(?) :{0 Khi ¢ [0.7)

T
7({t——)
Cosinus w(f) = cosT2 khi 0<t<T
0 khi ¢ ¢ [0,T)
L khi 0<¢<T
Bartlett wy(¢) = T B
0 khi ¢¢[0,T)

Hanning ws(¢) =

0,5+0,5cos@ khi 0<t<T

+0,0800sw khi 0<¢t<T

0 khi ¢ ¢[0,7)
. 054 +046c0s7E D) yni o<t <
Hamming wa(?) = T
0 khi ¢ ¢[0,T)
(2t -T)
Blackman ws(¢) = 042 +0.5c0 ==
0 khi ¢¢[0,7)
‘sin 7(2t-T)
. 2t-T
Papoulis wg(f) = T 1. | |co

Z2T) i g<t<

Vd T
0 khi ¢ ¢[0,T)

(2t -T)?
T2

1-6

3
2t -T
Parzen wy(f) = 2[1—%] khi %s t< %

0 khi ¢¢[0,T)

a) 4 WO(t)

T

b)

9% T
il | B hoic 2L <1 <T
T 1 1

wi3(?)
-

Hinh 2.8.:  a) Xung vudng.
b) Ham Bartlett
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Sau khi da chon dugc mot ham cira sd thich hop va nhan voi day gia tri
tin hi€u do duoc 1a {xk}=xa(¢), gia tri tin hi¢u cli xk tré thanh

x,=xk wi(kTa) voi i=0,1, ... .7 (2.23)
va khi d6 phé tim duoc s& 1a
RGo) =S Fpe T (2.24)
k=0

trong d6 N 1a s6 nguyén nhoé nhéat khong nho hon Tl

So sanh véi hién tuong tring phd ma ¢ d6 sai 1éch trung pho cé thé dugc
loai b6 hoan toan cho 16p tin hiéu x(f) c6 dai bang bi chin bang cach chon
chu ky trich mau Ta théa man cong thire Nyquist (2.18), mot cau héi s&
duoc dit ra ¢ day 1a véi 16p tin hiéu nhu thé nao thi khong xuat hién sai sb
10 1i?.

Dé tra 161 cau hoi ndy, trude hét ta ching minh dinh 1y sau:

Pinh 1y 2.5: Néu x(7) 1a mot ham tudn hoan voi chu ky 7 thi x(f) biéu dién
duogc dudi dang
x(t)=xT(t)*sT(1), (2.25)
trong d6 x7(f) 1a ham xéac dinh trong mién [0,7) va tai d6 x7(¢)= x(¢),
sT(¢) 1a ham rang lugce véi khodng cach budce rang 1a 7, néi cach khac

x(t) khi te[0,T)
0 khi t¢[0,7)

xT() ={
va sT(t) = ié(t—kT)
k=—0

Chiurng minh:
Xuit phat ngay tir cong thirc dinh nghia ham x7(7) ta c6
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X() = Yapt-kT)=3 TxT(t—r)é(r—kT)dz-
k=—0

k= _w
= T [xp(t—1) fa(t—kT)]dr = TxT(t—z')ST(r)dz'
—o0 k=—0 -0

Sr(7)

va d6 chinh 13 diéu phai chirng minh.
Néu x(7) 1a tin hiéu tuan hoan véi chu ky 7 thi khi roi rac hoa thanh xa(?),

v6i chu ky 14y miu Ta duoc chon sao cho T=NTa dé trong mot chu ky 13y
duoc dng N mAu, thi xa(¢) cling tudn hoan véi chu ky 7. Boi vy

xa(t) =xr, () * sp(t)

x,(t) khi £ €[0,7)

Vo, (t):{o khi ¢¢[0,T)

hay x; (¢) la ddy hiru han x; (t)={xo, x1, ... ,xN-1} cO N phﬁn .

Suy ra
N-1 . N-1
Xa(j w) =Xr, (jo)Sr(jo) =[ 3 xpe I J[Q S5t - nQ)J
k=0 k=0
Xr, (jo) Sr(jo)
& Xa(jo) =Q fXTa (jnQ)s(w) .

n=-—ow
Noi cach khac, Xa(jw) 1a mot ham roi rac, ¢6 gid tri tai nhitng diém tan so

nQ, neZ. Song vi Xa(jw) tuan hoan véi chu ky

Q=22 =NQ
T

a
nén cuoi cung ta cling chi can xac dinh céac gia tri cia Xa(jw) tai o=n€ véi

n=0, --- , N—1 (trong vong mot chu ky) la du va nhiing gié tri do la

N- .
Xa(jnQ) = Q'Y xpe 9T | p=0, ... N-1
k=0
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do d6 khong can thiét phai hitu han hoa thoi gian sdng cho xa(f) vi tong trén
chi gdbm c6 hitu han N s hang.

Tong két lai, ta di dén két luan:

Pinh 1y 2.6: Néu x(¢) 1a mot ham tuan hoan véi chu ky 7' va x(f) duoc roi rac
hoéa thanh xa(f) véi chu ky ldy mau 7, = % thi anh Fourier Xa(jw) cua
xa(?) 1 tong cua hiru han cac s6 hang (nén khong can phai ap dung ki
thuat ham cua s6 va do d6 khong xudt hién sai s6 ro ri). Ngoai ra Xa(jw)
12 mdt ham tudn hoan véi chu ky Q,= NQ, c6 gia tri rd1 rac tai nhiing

diém o =nQ.

2.1.7 K&étluan vé DFT va thuit toan FFT

Viéc tinh phd X(jw) cta tin hiéu x(7) theo thuat toan DFT di cho ra két
qua X,(jo) ma gira ching ton tai hai loai sai 1éch sinh ra boi hiéu tmg tring
phé (aliasing) va hiéu tng 1o ri (leakage). Hai sai léch nay di dwoc phan
tich trong nhiing muc trén thong qua ham mé rong &1).

Déi v6i nhitng tin hiéu x(¢) thoa man gia thiét cia dinh 1y Shannon, tirc 14
Qa

céc tin hiéu c6 dai bang bi chin X(jw)=0 khi | w|> |24, ta c6 thé loai bo

duoc sai 1éch ctia hiéu tng trung phd bang cach chon chu ky trich mau 7a
theo cong thure (2.18) cia dinh Iy Shannon.

Véi tin hiéu khong tuan hoan, dé giam sai léch cua hiéu tng 1o ri ta ap
dung k¥ thuat ham cira s6 bang cach chon mot ham ctra so thich hop trong
s6 cac ham da duoc liét ké tai muc 2.1.6 thay vi chi don gian 1a cit bt
nhitng nhimng gi4 tri xk = x(kTa) ndam ngoai khoang thoi gian quan sat tin
hiéu [0,7).
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x(t - xa(t x Y (
@ Trich mau tin @ Hipu han hoéa thoi gian Xq (1) ap dung (2.24) dé Xq(jo)
— hiéu q song cua tin hiéu q tinh phd —
Ax(f) + X()

— WA\

Viéc trich mau sé sinh Xa(i
¥ a(j @
axa(t) ra hiéu (ng triing pho. 4 o)
|
1] , = %
> e >
Ta Qe
Viéc htru han héa thoi S .
=~ gian sbng cla tin hiéu s& 4 Xa(jo)
“xa(t) . o L
sinh ra hiéu t&ng ro ri.
K
Tm ) \ N
: >
T

Hinh 2.9: Céc buwdc thuc hién toan t&r DFT va nguyén nhan clia céc sai sb.

Sau khi da chon dugc chu ky trich mau va ham cira s6, ta bién ddi tin
hiéu x(¢) thanh %,(). Tiép theo, ap dung cong thirc (2.24) dé xac dinh
X,(jo) va tich T,X,(jw) s& dugc xem nhu 13 phd gan dung cua x(¢).

Cac bude tinh phd gan dang X,(jw) cia tin hiéu lién tuc x(7) dugc tom
tat trong so d6 & hinh 2.9.

Pé dé nhd cong thic tinh 7,X,(jo) duge xem nhu 13 két qua gin dung
clia X(jw), co thé xuit phat tir cong thie dinh nghia toan tir Fourier (2.9a),
trong d6 dau | dugc thay boi X, dr thay boi Ta, ddi x(¢) thanh tich xk wk va
co

X(jo)~T,X,(jo)=T, Z:Zl xpwpe I
=0

Bay gio ta di vao van dé cai dat thuat toan DET véi cong viée chinh 1a cai
dat cong thirc (2.24). C6 thé thiy ngay rang viéc cai dat truc tiép (2.24) chua

thé dugce vi dau ra (két qua) X,(jw) cla no van con la mot ham lién tuc.
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Nham khic phuc khé khin do, ta s& khong tinh truc tiép X,(jw) ma thay
vao d6 1a N cac gia trj roi rac X,(jnQ), n=0,1, ... ,N-1 cua no voi Q 1a

chu ky trich miu trong mién phtrc. Cong thirc (2.24) tré thanh

R,(nQ) =3 e M p=0,1, ..., N-1 (2.27)
k=0

Vay véi Q nhu thé nao va voi N 16n bao nhiéu bao nhiéu thi viéc cai dat
s& thuan loi ma khong anh huong dén két qua tinh toan?. Trudc hét, co thé
thiy ngay rang N cang 16n va Q cang nho thi cang t6t, song do c6 két luan
rang X,(jo) tuan hoan voi chu ky ©Q, nén thuc chat chi can cac gia tri

X,(jn®) trong mot chu ky 1a du va s& 1a da dé c6 N gia tri cua X,(jnQ)

trong moét chu ky khi
Q=2 _ 27 (2.28)
N NT,

Boi vay hiéu qua cong viéc tinh toan chi phu thudc vao mdt minh N va véi

N cang 16n, két qua cang tot.

Thuat toan Fourier nhanh (dugc viét tit thanh F FT) 1a mot thuat toan dac
biét dé thuc hién nhanh cong thic (2.27). Thuat toan FFT do Cooley va
Tukey tim ra nim 1965. Tir d6 t6i nay thuat toan di duoc bd sung, phat trién
thém rat nhiéu va da dang.

V& y nghia thuc té cta thuat toan FFT, Bergland da nhan xét rat “kinh t&”
trong [2] nhu sau: “The fast Fourier transform algorithm can reduce the
time involved in finding a discret Fourier transform from several minutes to
less than a second and lower the cost from several dolars to several cents”.

Sau day, ta s€ lam quen véi thuat todn FFT thoi khai sinh do Cooley va
Tukey tim ra cho trudng hop

N=N=2",  vb6i peN,
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hay N=N 1a mot sd nguyén lity thira ciia 2. Cac dang khac ciia FFT cho
nhiing gia tri N, N bat ky, doc gia quan tdm c6 thé tim thdy o tai liéu [3]
cua Brigham.

Khi ¢c6 N=N thi NT, = NT, =T va do d6 véi (2.28) cong thirc (2.27) cta
DFT sé 1a

N-1 27

~ -1 -j—=nk

X,(jnQ) = > xpe N, n=0,1, ... , N-1
k=0

.2
Hay xét (2.29) nhu 1a mot da thie Po(go) bac N—1 cua bién go=e¢ * N va
cachésd %,,k=0,1, ... , N—1:

N
Po(qo) = ¥ %ao (2.30)

k=0
vay N cac gia tri X,(jno), n=0,1, ... , N-1cta cho X,(jw) trong mot chu

ky duong nhién dugc xac dinh tir Py(qo) qua
X, (jn)=Po(ap).
Pinh Iy 2.5: Bién s6 ¢, trong cong thic (2.31) 1a nghiém phirc ciia phuong

trinh xN=1 va dugc goi 1a nghiém bac N cua dudng tron don vi, thda
mén cac tinh chét sau:

N-1
a) qo#0;q¢) =1va Y qi*=0; VnelZ
£=0

b) néu N=2m véi meN thi g2 =q2*™ va ¢2; ciing la nghiém phtic bac
m cua duong tron don vi.
Churng minh:
Do ¢ =e/27= cos(27)—jsin(27) = 1 nén hién nhién g 13 nghiém phtic bac
N ctia duong tron don vi va g = 0. Thay cong thiic cia go vao tong trén ta
dugc didu phai chimg minh thir nhat

NSy qgN -1 e
290 = = =0.
k=0 qo -1 q6 -1

Mat khac, do
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.2mn

g =e N =e 7 =cos(z)- jsin(z)= —1
nén
-q0=q0""
Béi vay voi
9" =™ =1
thi ¢g" cling 1a nghiém phirc bac m cta duong tron don vi va d6 chinh la
diéu phai ching minh thi hai.

Dua vao dinh Iy trén, v6i diéu kién N=2m; meN, ta s& tach Py(qo) (duoc
goi 1a da thirc me) cia (2.30) thanh hai da thire (goi 1a cac da thuc con)
Poo(g1) bac m—1 g@)m céc bién bac chan va Poi(q1) cling c6 bac m—1 g@)m cac
bién béc 1é nhu sau:

m-1 m-1
Po(q0) =2 Topac™ + > Topgdtt
k=0 n=0
_m—l~ k m—1~ A . 2
=2 Xopqt +qo . Xopadi (91=q0")
k=0 k=0
= Poo(q1) * qoPoi(q1). (2.32)

S6 0 dau trong chi s6 00 va 01 cta Pyo(q1) va Poi(q)) xac dinh rang Poo(q:),
Poi(g1) cung duoc tach ra tir da thire gbe Po(go). Cac s6 0 va 1 sau dé trong
chi s6 00 va 01 dugc dung dé phan biét ham da thirc tach ra 1a chin hay 1é.

Pinh ly 2.6: Nhiing gia tri Py(qf), n=0,1, ... , N—1 cua da thirc me Py(qo)

dugc xac dinh tir hai da thitc con Pyy(q1) va Poi(qi) theo cong thirc co
cau triic "hinh buém” (Butterfly) nhu sau:

Po(q5)= Poo(at) + qf Poi(ai) (2.33a)
PO(q3+m) :POO(QJ’_I)_ quOl (q{l)a n:():l: :m_l' (233b)
Chitng minh:

Tir (2.32) ¢ ngay duogc dang thirc thir nhit.

Ding thire thtr hai duoc suy ra tir tinh cht - ¢f = ¢2*™ nhu sau:
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Po(a5"™)= Po(=q5)= Poo (1) — a5 Po1(ai)
Vi ogq=q5
va do6 chinh 1a diéu phai ching minh.

D@ thay rang khi dd co Poo(q?) va Poi(q}), n=0,1, ... ,m—1 thi véi
(2.33) s6 cac phép tinh nhan phtc phai thyc hién dé xac dinh
Po(@)=X,(jne), n=0,1, ... ,N-1 s& chi bang mt ntra so v&i khi 4p dung
truc tiép (2.31). Cu thé ¢ day thi sd cac phép nhan phirc phai thuc hién dé
tinh X,(jn®) chinh 1a ¢ Po1(q}), n=0,1, ... ,m—1. Thong qua viéc giam
mdt nira s6 cac phép tinh nhan phirc ma tdc do tinh toan dwoc ting lén gap
doi.

Tiép tuc, néu nhu m=2s, hay N=4s thi lai co thé phan tich hai da thic
Poo(q1) va Poi(q1) thanh tong cac da thic bac thap hon, cu thé 1a bac s—1,
theo ding nguyén ly da 1am véi Py(qo) nhu sau:

Poo(q1)= Pooo(q2) + q1Po01(q2)
Po(q1) = Poro(g2) + qiPon(q2),  (92= 1> =q0").

Cac gia tri Poo( g} ), Poi(q}), n=0,1, ... ,s—1 cling s& dugc xac dinh mdt
cach tuong tu nho cac da thue con Pooo( g5 ), Pooi(a ), Pooo(ay ) va Pooi(q%)

theo cong thirc Butterfly

Poo(at )= Pooo( g3 ) + a Pooi( a3 ) (2.34a)
Poo(qi** ) = Pooo(a3 ) —ai Pooi(a3 )
va
Poi(qt )= Poro( g3 ) + ¢f Poi(a3 ) (2.34c¢)

Poi(qi** ) = Poro(gs ) —af Por1( g5 ).
Téng quat 1én cho truong hop N= 2", L>1 thi tai budc tach da thirc thir /
tur da thuc me P _,(q;), trong d6 b=0 hodc 1, s€ co6 cac da thuc con P_,4(q;.1)

Va P y(q141)> @1 =97 €0 bac L—1. Nhitng gia tri P_,(q}'), clia cic da thic

me cling dugc xac dinh tir cac gia tri tuong trng cuia nhirng da thirc con theo
cong thuac Butterfly:
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P y(a)=P po(q), )T a]P p1(a),,), (2.35a)
P..b(q?JrL) :P.A.bO(qul)_anP.ubl(qul)> l’l:O, 7L_1 (235b)

Khi N =27, ta thay L=2 va [=p—1 vao (2.35) va thu dugc cong thuc
Butterfly cho budc tach da thirc thit p—1. Pay ciing 1a budc tach da thic cudi
cung vi cac da thirc con P_,y(g,)va P _;(q,) luc nay déu 1a nhiing da thirc
bac nht.

Sau khi da c6 dugc nhiing gia tri P_,,(q}), P p(qp), n=0, 1 cia 27" da
thirc con tai budc tach da thirc cudi cung, ta ap dung (2.35) dé tim nhimng gia
tri P_,(qy_1)cua 2P~*da thirc me P (g, ). Tiép tuc, lai str dung cong thirc
Butterfly dé tim gia tri cac da thirc me cua cac da thic P, (q »-1) - Qua trinh
trén s€ duoc thuc hién nguoc lai voi quy trinh tach da thirc cho téi khi xac
dinh duoc cac gia tri cua da thic gbe Py(go) tng véi bude tach da thuc dau
tién. Theo (2.31) thi d6 chinh 1a N gia tri X,(jnQ), n=0,1, ... , N-1 can
tim. S6 cac phép tinh nhan phirc phai thuc hién dé xac dinh X,(jnQ) giam
xubng con 2pN thay vi N-N =NZ%so véi khi tinh truc tiép tir (2.29).

Trén day 1a ndi dung thuat toan FFT. Thuat toan FFT da dugc cai dat
thanh nhitng ham chuan trong cac chuong trinh tién dung. Vi du nhu trong
Toolbox Signalprocessing hay Identification cia MatLab. Céach su dung
chung cling rat don gian, ta chi can goi ham do6 véi gia tri dau vao la day
{%,}, k=0,1, ... , N-1. Dau ra clia ham s& 1a day két qua {X,(jnQ) }, n=0,
0,1, ..., N-1.

Vi du 1: Tim anh Fourier cua day {x, }={1,2,3,4,5,6,7,8} theo cong thirc
(2.29).
bat

7 -
Po(qo) = Y %pal =1+2qq + 348 + 44} + 59 + 695 + 79§ + 845,
k=0

trong d6 go=e

g

A_B B
o
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Budc 1: Tach da thace

Poo(q1) =1+3q; +5¢7 +7¢%,  Poi(q1) =2+4q; + 64} + 8¢}

v6i q1=qo'=e ]E:—j-
Tiép tuc tach Poo(q1) va Poi(g1) thanh
Pooo(q2) =1+5q2, Poo1(q2) =3+7q>, Poio(q2) =246 g2 ,Po11(q2) =4+8 g2,

voi gy = q12 = q04= e /m=—]

Budc 2: Tinh gia tri

Pooo(q2") =6, Pooo(g2) =4, Pooi(q2) =10, Pooi(q2) =4,
Poro(q2") =8, Poio(q2) =4, Pon(q2) =12, Poii(q2) =4

ap dung cong thac Butterfly:

Poo(a?)=Pooo( a9)+ ¢:°Pooi(q2")=16, Poo( a2 )=Pooo( a3 )~ ¢1’Poor( a3 )=—4,
Poo(q1)=Pooo(q2)+q1Poo1(q2)=—4+41,  Poo( g )=Pooo(q2)—q1Poo1(q2)= —4—4j,
Poi(q?)=Por0( g3 )+(]10P011(Q2O):20, Po1(q? )=Por0(q3)- (]10P011(qg =4,
Po1(q1)=Po10(q2)+q1Po11(q2)= —4+4j, Poi(qi )=Po10(q2)—q1Po11(q2)= —4—4j.
ap dung tiép cong thirc Butterfly lan nira ta s& thu duogc két qua
X,0)=Po(q0) = Poo(a? )+ a0 Por(af ) = 36

X,(42)=Po(q0") = Poo(¢? )—qS Poi1(g)) = —4

X, (@ =Po(q0) = Poo(q1)*+qoPoi(q1) = —4+H(4+42 )j

X, (62 =Po(q0’) = Poo(q1)—qo Poi(q1) = —4+(4-412 )j

X,20)=Py(q0’) = Poo(q1°)+ a3 Poi(q1’) = —4+4j

X,60)=Po(q0") = Poo(q1))~ a3 Poi(q1°) = —4—4j

X,(3Q) :Po((]o3) = Poo(Q13)+ a P01(Q13) =—4+(442-4)j

X,(79) =Po(q0") = Poo(q1’)— ¢3 Poi(q1’) = —4—(4+4 42 );. o

Duéi day 1a chuong trinh con fft() viét bang ngon ngit C mé ta viéc cai
dat thuat toan trén dé tham khao. Chuong trinh con fft() co cic bién hinh
thuce la

a) Nexp chta sb mil liy thira 2 caa N, v6i N 1a d6 dai cua day tin hiéu
vao {%, }, k=0,1, ... , N-1, tirc 1a Nexp =log,N.

55



b) Con tro x chi vao dau mang x[] chtra day gia tri dau vao {x,}, k=0,1,
... , N—1, theo tht tu x[0]=%,, ..., X|N-1]=%y_; . Nhu vay mang x|]
phai c6 cac phan tir phirc va c6 do dai it nhét 1a 2N,

Céc gia tri X,(jn), n=0,1, ... , N-1 tinh dugc s& dugc chuong trinh
con fft() ghi lai vao mang x|[] cling theo thir tu x[0]=X,(0), ..., X[N-
1]=X,((N -1)). Nhu vay sau khi thyc hién xong diy {%,} s€ bi xda va
thay vao d6 1a két qua { X,(jn0) }. Mang x[] ctua ham fft() vira chira cac gia
trj ddu vao {,}, vira chira cac gia tri dau ra { X,(jnQ)} cta thuat toan nén
n6 phai 1a mang cac sd phtc.

void fft(int Nexp,complex *x)
{
int N=pow(2.,Nexp),N1=Nexp,N2,k,l,p,m,i;
complex s,wp;
N2=N;
for (I=0;1<Nexp;l++)
{
N1--;
N2=N2/2;
for (k=0;k<N;k+=N2)
{
m=Kk/pow(2.,(double)N1);
p=ibr(m,Nexp);
wp=exp(complex(0.,-M_PI*2%p/N));
for (i=0;i<N2;i++)
{ s=x[k+N2]*wp;
x[k+N2]=x[Kk]-s;
x[k++]=x[K]+s;

}
}
}
for (k=0;k<N;k++)
{

i=ibr(k,Nexp);
if (iI>k){ s=x[K]; x[k]=x[i]; x[i]=s;}
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Chuong trinh fft() trén st dung mdt ham con ibr() c6 nhiém vu tach da
thire va sau d6 sap xép lai mang gia tri { X,(jn0)} tinh dugc. Ham con ibr()
¢6 hai bién vao:

a) index chira chi s6 cii cia gia tri %, 1a k trong mang x][].

b) Nexp chita s6 mil liy thira 2 ctia N, tirc 1a Nexp =log, N.
Ham ibr() tra vé chi s6 m&i phai c6 cta gia tri %, trong mang x[].
int ibr(int index, int Nexp)

{ int k=0,i,j=index;
for (i=0;i<Nexp;i++)
{
k=2*k+(j%?2);
=02
3

return (k);

}

Vi du 2: Ta s€ thyc hién lai vi du 1, nhung lan nay st dung ham fft().
Trudc tién viét chwong trinh tao ddy dau vao gdm 8 gia tri
{x,}=11,2,3,4,5,6,7,8} nhung phai la cac gia tri phttc cho mang x[] va sau
do goi ham fft():

void main()
{
complex *x;
int i,Nexp=3,N=8;
x=new complex [N];
for (i=0;i<N;i++) x[i]=complex(double (i+1));
fft(Nexp,x);
for (i=0;i<N;i++)
printf(""\nx|[%d]=(%f,%f)" i,real(x[i]),imag(x[i]));
delete [] x;
getch();
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Chuong trinh s& cho ra két qua:

x[0]=(36.000000,0.000000)
x[1]=(-4.000000,9.656854)
x[2]=(-4.000000,4.000000)
x[3]=(-4.000000,1.656854)
x[4]=(-4.000000,0.000000)
x[5]=(-4.000000,-1.656854)
x[6]=(-4.000000,-4.000000)
x[7]=(-4.000000,-9.656854) . 0

Két hop fft() cing voi k§ thuat ham cira s6 nham lam giam sai s6 ro ri va

quan hé (2.17b) ta s& c6 dugc ham dft() viét trén C cho sau day dé phuc vu

viéc tinh anh Fourier X(jn€);) cua mot tin hi¢u x(7) tor ddy céc gia tri tin hi¢u
xk=x(kTa), k=0, 1, ..., N-1 cta n6. Ham dft() c6 cac bién hinh thuc sau:

a) Con tro x chi dau mang s thuc x[] chira cac gia tri tin hiéu do duoc xk
=x(kTa),v6ik=0,1, ..., N-1.

b) Ta chira hang s thoi gian trich mau tin hiéu 7a.

¢) N 1asd cac gia tri tin hiéu xk = x(kTa) do dugc.

d) w 1a chi s6 ham ctra s6 duoc sir dung dé 1am giam sai sb ro ri. Pay
chinh 1a chi s i ctia wi(f) cho trong muc 2.1.6, béi vay i chi c6 nghia
khi nam trong khoang 0< i<7. Néu gia tri cia w ndm ngoai khoang
[0,7] ham dft() s& sir dung ham cira s6 xung vudng wo(?).

e) Con tro X chi diu mang sd phic X][] chira cac gia tri anh Fourier

X(jnQ;), n=0,1, ... , A tinh duoc véi Q= j; trong d6 A phai 1a sb

a

nguyén dang lily thira cia 2 khéng nho hon N dé phii hop véi chuong
trinh con fft(). Ham dft() tinh anh Fourier cua diy {xk} gdm A phan
tr va cac phan tir xk c6 chi sé & tir N dén A-1 dugc gan bang 0 sau d6
cat két qua vao mang X[] c6 do dai it nhat 1a A.

Ham tra vé gia tri A 1a d6 dai cua mang X[] chira két qua X(jnQ,). Noi

dung cta mang dau vao x[] khong bi thay doi.
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int dft(double *x, double Ta, int N, int w, complex *X)

{
int L,k,p,Nexp=0;
double T=Ta*N,s,t;
k=N/2;
for (i=0;i<=k;i++)
{
t=Ta*(double)(i-k);
s=fw(w,t,T);
XJi]=complex(x[i]*s*Ta);
if((>0) & &(i!=(p=(N-i)))) X[p]=complex(x[p] *s*Ta);
}
while ((k=pow(2.,Nexp))<N) Nexp++;
for (i=N;i<k;i++) X[i]=complex(0.);
fft(Nexp,X);
return(k);

Ham dft() trén st dung thém ham con fw() c6 nhi¢m vu phu giup vi¢c
tao day {%,} tur day gia tri cac tin hi¢u {xk} da cho trong mang x[] theo
cong thuc

X, = xkwi(kTa)

bang cach xac dinh wi(r+ g) khi da biét chi sd 7, thoi gian ¢ va khoang thoi
gian sdng T cia tin hiéu. Ham c6 cac bién hinh thic
a) w chura chi s6 ham cira s6 duoc st dung. N6i dung ciia w 12 mdt $6
trong khoang [0,7]. Néu gi4 tri ciia w 16n hon 7, ham fw() s& str dung
ham ctra s6 wo(?).
b) tla gia tri thoi gian.
¢) T chta gia tri T x4c dinh suppwi(£)=(0, T) —xem thém ham ctra s6 &
muc 2.1.7.

Ham fw() tra vé gia tri s = wi(t+ g) tinh dugc.

double fw(int w, double t, double T)
{
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double s;
switch(w)
{
case 1:  s=cos(t*M_PI/T); break;
case 2: s=1.-2.*fabs(t)/T; break;
case3:  s=0.5+0.5*cos(t*2*M_PI/T); break;
case 4:  $=0.54+0.46*cos(t*2*M_PI/T); break;
caseS:  $=0.42+0.5*cos(t*2*M_PI/T)+0.08*cos(t*M_PI*4/T);
break;
case 6: s=fabs(sin(t*M_PI*2/T)/M_PI)+1.-
2.*fabs(t/T)*cos(t*M_PI*2/T);
break;
case 7:  if(fabs(t)<(T/4)) s=1.-24.*t*t*(1.-
2.*fabs(t/T)/(T*T));
else s=2.*pow(1.-2.%*fabs(t/T),3.); break;
default: s=1.;
}

return(s);

2.1.8 Toan tir DFT nguoc
Muc 2.1.7 di trinh bay thuat toan FFT duoc dung dé tinh nhanh céc gia

tri { X,(jnQ)} tirday {%,}, k=0,1, ... , N—1 theo cong thirc
~ N-1 —jZ—”nk
X,(jnQ) = > xpe N, n=0,1, ... , N1,
k=0

trong d6 %, 1a mAu tin hiéu x(¢) tai thoi diém = kTa dd dugc nhan véi gia tri
ham cira s6 w(kTa) ciling tai thoi diém dé theo (2.23) nham 1am giam sai sb
IO 11:

X, = xkw(kTa)
Két hop voi thuat toan FFT ma cu thé 1a ham fft(), ham dft() cho trong muc
2.1.7 ¢6 nhiém vu tinh

X(jnQ) ~T, X, (jnQ)

va n6 dugc xem nhu 1a cong thure tinh gan dung cia toan tir Fourier
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X(@) = [xt)eids (2.36)

Bai toan nguoc dugc xét ¢ day 1a tim x(¢) tir cac gia tri phd da c6 cua nd
X(inQ), n=0,1, ... , N-1, trong 6 X(jnQ) 1a gia tri clia X(jo) tai diém tan
& w=nQ=2""_ tiic 1a xac dinh

NT,

a

() =2 [X(jw)e™dw (2.37)
2z
Thay @’=—w vao (2.37)
() =2 [X(jo)e ' de (2.38)
2z =,

rdi so sanh voi (2.36) thi thiy ngoai hang sb ZL chung c6 céu tric hoan
T
toan tuong tw. Cu thé 13 vai trd cta x(¢) trong (2.36) thi nay trong (2.38)
dugc thay boi
X(H )= X(jo)
con X(jw) trong (2.36) thi lai duge thay bang x(7). Do d6, néu 1y luan nhu da
1am voi DFT ta sé di dén cong thire tinh x4p xi cho x(7) nhu sau

27

N- ——'2—”71 N-1_. —-jZ=kn
WkTa) =~ 25 weoXgnme ¥ =L 5%,V (2.39)
27 n=0 NTa n=0

trong d6 w(w) 1a ham ctra s6 trong mién phirc nham 1am giam sai s6 ro ri
cua phép tinh Fourier nguoc va X, = w(nQ)X(jnQ).

Khong ké hing sb NlT thi (2.39) chinh 1a cong thirc cia DFT (2.29) véi
day cac gia tri dau vao:

{w(nQ)X(an) }, n=0,1,..., N-1.
N6i cach khac, thuat toan FFT hay ham fft() khong nhiing c6 tac dung dé

tinh { X,(jn0)} tir ddy {%,} ma con c6 thé dugc dung dé xac dinh nguoc
X, tir ddy cac gié tri lién hop

X, = w(nQ)X(jnQ)
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cua anh Fourier cua no.

ap dung két qua thu dugc o trén, ta di dén thuat toan st dung FFT cho
viéc tinh nguogc gia tri x(k7a) cua tin hi¢u x(¢) nhu sau:

1) Tao diy {w(n)X(jnQ) }, n=0,1, ..., N-1 tir cac gia tri phd X(jnQ) cua
tin hiéu.

2) Goi ham fft() v6i dau vao vira tao. Két qua déu ra sé 1a day N-1 cac gia
tri %,, k=0,1, ..., N—1.

3) Tinhx(kTa)zAf; 01, . N1 V61 Ta=22

Thuat toan trén da dugc cai dat thanh chuong trinh con invdft() viét trén
C cho duéi day dé tham khao. Chuong trinh con nay c6 cac bién hinh thirc
sau:

a) Ta la chu ky 1dy méu tin hiéu. Tuc 1a diy gia tri dau vao {X(jnQ)},

n=0,1, ..., N-1,s8c6 Q=-27_.
NT

a

b) Nexp chta sb mii liiy thira 2 cua N. Nhu vay diy tin hiéu vao
{X(jnQ)} ctia chuong trinh s& c6 do dai la N=2NP,
¢) w xac dinh ham ctra s6 duoc st dung nham giam sai s 10 ri cua k¥
thuat DFT. Noi dung ctia w 1a chi s6 0< i<7 ctia wi(7) cho trong muc
2.1.6. Néu gia tri cia w nam ngoai khoang [0,7] chuwong trinh s& sir
dung ham cira s6 xung vudng wi(?).
d) Con trd x chi diu mang s6 phtrc x[] chira ddy gia tri dau vao
{X(jnQ)}, n=0,1, ... , N—1, theo thu tu x[0]=X(0), ..., x[N-1]=
X(i(N-1)Q). Mang x[] phai c6 d6 dai it nhat 1a 2N,
Diy két qua {x(kTa)}, k=0,1, ... , N—1 s& dugc chuong trinh invdft()
ghi lai vao mang x[]. Noi cach khéc, sau khi thyc hién chuong trinh thyc
hién xong, diy {X(jnQ)} sé& bi x6a va thay vao d6 1a diy két qua {x(kTa)}.

void invdft(double Ta, int Nexp, int w, complex *x)

{
int i,k,p,N=pow(2,Nexp);
double T=Ta*N,s,t;
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k=N/2;
for (i=0;i<=k;i++)
{
t=Ta*(double)(i-k);
s=fw(w,t,T);
x[i]=conj(x[i])*s/T;
if((i>0)& & (i!=(p=(N-i)))) x[p]=conj(x[p])*s/T;

}
fft(Nexp,x);

}

2.2 Nhin dang mat dd phd tin hi¢u

Cho hai qua trinh ngau nhién u(f) va y(¢). Nhu da quy udc o chuong 1,
néu khong c6 chi dan gi thém, hai qué trinh ngau nhién nay s& duoc hiéu la
nhitng qué trinh ngau nhién egodic. Qu4 trinh u(f) dugc xem nhu 1a tap hop
clia tit ca cac tin hiéu dau vao u(7) co thé co cia ddi twong va ciing nhu vay
y(#) dugc xem 1a tip hop tt ca cac tin hidu dau ra y(f) c6 thé co tir ddi
tuong.

Nhan dang mat do phé Su(w), Suy(jw) tic 1a phai xac dinh anh Fourier
cua ham tuong quan ru(7), ruy(7) theo cong thirc Wiener—Chitchin:

Su(w) = Tru(t)e*j”tdt va Sw(jw)= Truy(t)e*f“’tdt (2.40)

trong d6 Su(w) thuan thuc vi ru(7) 13 ham chin, boi vay no duoc viét don
gian 1a Su(w) thay cho Su(jw).

Véi dinh nghia trén thi dé c6 Su(w), Suy(jw) trudc hét ta phai tinh duoc
ru(7), ruy(7) trén co s& quan sat cac tin hi€u vao ra u(f), y(¢). Noi cach khac
viéc nhan dang Su(w), Suy(jw) theo nguyén tic phai gdbm hai budc:

1) Xéc dinh ru(7), ruy(7) th day gia tri tin hiéu {uk}, {uk}, k=0,1, ... ,

N-1.

2) Tinh Su(w), Suy(j w) tt ru(z), ruy(7) theo cong thirc Wiener—Chitchin
(2.40) nho k§ thuat DFT, cy thé 1a ham dft() d trinh bay & muyc 2.1.
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Vén dé dat ra ¢ day ciing gidng nhu trong muyc trude 13 viée quan sat tin
hiéu chi c¢6 thé duoc thuc hién trong khoang [0,7), nén ciing chi co thé
cung cip duoc diy {uk}, {uk}, k=0,1, ... , N—1 hitu han cac gia trj tin

hiéu u(kTa), y(kTa), trong d6 N 1a s6 nguyén nhé nhat khéng nhé hon Tl

Diéu nay din téi Su(w), Suy(jw) nhan duoc khong phai mat do phd chinh
xac ctia tin hiéu ma chi 1a nhiing gia tri gan dung.

Sau ddy, trong phan nay ta s& lam quen véi nhitng phuong phéap xéac dinh
xap xi Su(w), Suy(jw) thong qua viéc quan sat tin hiéu trong khoang thoi
gian hitu han [0, 7) ciing nhu k¥ thuat lam ting do chinh x4c cho két qua.

2.2.1 Nhén dang ham twong quan

Twr nay vé sau, khai niém ham tuong quan s€ dugc hiéu chung la ham tu

twong quan 7u(7) va ham hd tuong quan ruy(7).

Do khoang thoi gian quan sat [0,7) céc tin hi€u vao ra u(¢), y(¢) 1a hitu
han nén dé twong minh ta s& thay u(7), y(f) boi @), 5(¢) bang cach nhan u(?),
y(£) véi ham cira s6 xung vudng w(f) nhu sau

70 = u(ywo?) ={

u(t) khi 0<¢<T
0 khi ¢e[0,T)

y(t) khi 0<t<T

§<t>=y(t)wo(f)={o khi ¢¢[0,7T)

Khi d6 hai cong thure tinh ham tuwong quan ru(7), ruy(7) cho trong (1.30),
(1.33) duoc sua lai thanh

T
R ()= = [@@iE+ ot (2.41a)
T 0
- 1T
Tuy(7) = Tfu(t)y(t+r)dt 5 (2.41b)
0

va tit nhién @(t),5() ciing 1a nhimg phan tir bat ky cua tdp hop u(?), y(¢). Ly

do viéc sira hé sb % trong (1.30), (1.33) thanh % nam & ban chit khai
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niém gid tri trung binh méi twong quan cta ru(7) va ruy(7), tic 13 phai chia
gia tri tich phan (tong) cho dung khoang thoi gian da quan sat tin hiéu (hay
s0 céc sO hang néu dau tich phan dugc thay bang dau tong).

Trudc hét ta chimg minh dinh 1y sau:

Dinh ly 2.7: Ham tuong quan 7,(z)va 7,(s) xac dinh theo (2.41) s€ dong
nhét bang 0 khi 7nam ngoai khoang (T, 7).
Chung minh: Khi 7 ¢(-7, T) ta luén c6 #(t+:)=0 va 5t +7)=0 vdi moi
t€[0,7). Do do ciing c6
Ut +0)=u@®)yt+7)=0, vtel0,7), r¢(-T, T)
va d6 chinh 13 diéu phai chirng minh.

Vén dé dat ra & day 1a két qua quan sat tin hiéu u(¢), »(¢) trong khoang
thoi gian te[0,7) khong phai 1a #(¢), 5(t) ma chi 1a nhitng gia tri @, =u(kT,),
Y, =5kT,), k=0,1, ... , N—1 cua ching, trong d6 Ta la khodng thoi gian
trich mau, N 1a sb nguyén nho nhit khong nho hon Tla Néu ap dung ky

thuat hAm mé rong &7) dé mo hinh hoa qua trinh trich mau nay, ta s& co
duogc cong thire tinh gan dung 7, (r) va 7,, () nhu sau:

2 Uplpsm (2.42a)

0
bang cach thay {@,}, {7, } vao (2.41), d6i dau | thanh X, thay d¢ biang Ta.

Do {@,}, {5, } la nhiing day hiru han v6i £=0,1, ... , N-1, tirc 1a khi £<0
hodc k>N ¢6 u,= 3,= 0, nén ngoai khoang 0<k< N-

0.Boi vay hai cong thirc (2.42a) va (2.42b) o thé sira lai dugc thanh:

m | thi LN‘k+m = §k+m =

2 Ukl im (2.43a)

~ 1
ru(mTy) = 5
k=0
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N—‘m‘—l

R MT)® — S Them (2.43b)
N o

Mit khac, mudn tinh gia tri trung binh 7, (nT,),7,, (mT,) mot cach chinh
xéc, ta chia tong co dugc cho ding sé cac sb hang c6 trong tong va di dén
dang khéc cua (2.43) nhu sau

RPN S o = (2.442)
Ty (m a) ~ N—|m| k§OUkUk+m A44aa
- 1 Nl

Tuy (mTa) ~ N _|m| kgoukyk+m (244b)

Ca hai cong thuc (2.43), (2.44) déu duoc sir dung dé tinh gan dung cac
gia tri 7,(mT,),%,,(mT,) cia ham twong quan, trong do6 (2.44) duoc goi la

cong thirc unbias (tic la s€ khong con sai 1éch tinh khi N —) va (2.42) la
cong thic bias (van con sai léch ngay ca khi N —o).
Theo dinh 1y 2.7, thi véi | m|> N ¢6
7, (mT,) =7, (mT,)= 0,
do d6 trong cong thirc tinh xap xi (2.42), (2.44) chi s6 m chi can chay tir —
N+1 dén N-1 1a du.

Ngoai ra, két hop thém voi tinh chét (1.31), (1.34) vé ham tuong quan, ta
cling khong can phai tinh 7,(mT,),7,,(nT,) cho tat ca chi sd m tir — N+1 dén
N-1, ma chi can tinh cho m tr 0 dén N-1, vi khi m<0 gia tri cua
7, (mT,),7,,(mT,)s€ suy duoc ra tir cac gia tri ddi xung 7, (-mT,) , 7, (-mT,) :

r,(mT,)=7,(-mT,), Ty (MTy) =7y, (-mTy) .

Tom lai, ¢6 hai cach tinh gan dung ham twong quan nhu sau:

1) Cong thuc bias

1 N-m-1
15 6i =01,.,N-1
FnTx (N e YO m (2.45)

7, (-mT,) v6i m=-N+1,...-1

66



1 N—m:l - N
— u v6i m=01,...,N-1
Py (mT,)~ {N pPRECE (2.46)

Fyu(_mTa) v6i m=-N+1,..,-1

2) Cong thuc unbias

1 Nzl 4
(T~ N -m kgoukukm véi m=01,.,N-1 (2.47)
7, (-mT,) vl m=-N+1,...-1
1 Nzl

YU Vpem Vi m=01..,N-1

(2.48)
L(mT,)  véi m=-N+1,.-1

Mot diéu can cha ¥ thém 1a mic du nhitng cong thirc trén cho phép tinh
duoc gﬁn ding 2N-1 gia tri 7,(mT,), 7, (mT,), m=— N+1,...~-1,0,1, ... , N-1
cua ham tuong quan tu N gia tri do duoc #,, £=0,1, ... , N—1 cua tin hiéu
vao u(f) va N gia tri 3,, k=0,1, ... , N—1 do dugc cua tin hi¢u ra y(¢), nhung
vi thoi gian do 1a htru han nén v&i |m| cang 16n, s€ cang co it gid tri
i, .5, tham gia vao cong thirc (2.45)+(2.48), (hinh 2.10), do d6 sai sb s&
cang lon. Béi vay, trong s6 2N-1 gia tri 7,(mT,),7,, (mT,)tinh dugc chi co

mot sb it cac gia tri xung quanh diém 0 1a twong ddi chinh xAc.

0 m T
u), ¢— : $
' yk+m:: : *
1
A " |
Hinh 2.10: M6 t3 sai sé phu thudc vao m cia cac Thanh phan @, , ¥
gia tri ham tuong quan 7, (mTy,) . tham gia vao cong thirc

tinh ham twong quan

Vay lay bao nhiéu thi du?. Dé tra 16i cau hoi nay, ngudi ta da 1ap bai toan
théng ké va di dén két luan trong [10], [12] rang con sé d6 1 khoang 5+20%
cua 2N—1, tire 1a chi léy thuc su cac gia tri

R (mT,) Ry (mT,) €O [m|<M v6i %s M

<@N-1)
s>
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trong d6 M duogc goi 1a chi sé Lag (cit bot).

Mot ham cor()viét trén ngdn ngwr 1ap trinh C thuc hién viéc cai dat thuat

toan

nhdn dang ham hd twong quan 7, (nT,)theo cic cong thirc

(2.45)+(2.48) cho dudi day dé tham khao.
Ham cor()c6 6 bién hinh thirc, bao gom:

a)

b)

c)
d)

Con tro u chi dau mang sb thuc u[] chira cac gia tri 7, &=0,1, ... ,
N-1.

Con tro y chi dau mang sb thuc y[] chira cac gia tri 3,, &=0,1, ... ,
N-1.

S6 nguyén N chira do dai hai day {,}, {5, }, tuc la chira chi sd N.

S6 nguyén M chua chi s6 Lag, tic 13 d6 dai cin phai co cua diy két
qua r[].

SO nguyén bias xac dinh gid tri ham tuong quan s€ dugc tinh theo
cong thirc bias (bias=1) hay unbias (bias#1).

Con tr6 r chi dau mang so thuc r[] chia cac gia tri 7,

(mTa),m=0,1,
., M tinh duoc theo thtr tu r[0]=7,©0), r[1]=7,T,), ... ,

r[M]=7,,(MT,).

Ham tra vé gié tri bao 15i bang 0 néu M<N hoic bang 1 trong truong hop

nguoc lai. Him khong 1am thay doi noi dung cac mang u[], y[].
int cor(double *u, double *y, int N, int M, int bias, double *r)

{

int m,k,err=0;

if (M<N)
for (m=0;m<=M;m++)
{
r[m]=0.;

for(k=0;k<N-m;k++) r[m]=r[m]+u[k]*y[k+m];
if (bias==1) r[m]=r[m]/N;
else r[m]=r[m]/(N-m);

}

else err=1;
return (err);
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Muén tinh gia tri ham ty tuong quan 7,(mT,), m=0,1, ... , M ta goi ham
trén voi hai ddy dau vao u[k], y[k] chtra cing mét gia tri 1a u[k]= y[k]=7,,
k=0,1, ... , N—1. Cing nhu vay, dé tinh nhimmg giad tri con lai 7,(mT,),
m=-M,....—1,0 cia ham hd twong quan ta goi ham cor()véi cac gia tri dau
vio u[k]=3,, y[kl=@,, k=0,1, ... , N-1. Két qua s& 1a r[0]=%,(0),

r[11=%,-T,), ..., r[MI|=F%,,(-MT,).

Vi du: Viét chuong trinh nhap dit liéu va goi ham cor()

void main()
{
double *u,*y, *r;
int N,M.i,k,bias;
printf ("N="); scanf ("' %d",&N);
printf ("M="); scanf (" %d" ,&M);
printf (""bias=""); scanf ("' %d" ,&bias);
u=new double [N+1]; y=new double [N+1]; r=new double [M+1];
for (i=0;i<N;i++){printf ("u[%d]=",i); scanf (" %If" ,u+i);}
for (i=0;i<N;i++){printf ("'y[%d]="",i); scanf (" %If", y+i);}
printf("'err=%d\n" ,i=cor(u,y,N,M,bias,r));
if (i==0) for (k=0;k<=M;k++) printf("'r[%d]=\t%1.4f\n" k,r[K]);
delete [] u;
delete [] y;
delete [] r;
getch();

}

sau do thuc hién véi cac gia tri sau cho tir ban phim

N =4, M =2, bias =1, u[0]=y[0]=1, u[1]=y[1]=2, u[2]=y[2]=3, u[3]=y[3]=4,
ta s€ nhan duoc
err=0, r[0]=7,5; r[1]=5,0 va r[2]=2,75.
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2.2.2 Nhén dang mit d§ pho

Khai niém nhan dang gian tiép mat do phé duoc hiéu 1a xac dinh céc gia
tri mat do phé thong qua viéc nhan dang ham tuong quan, tirc 1a nhan dang
ham twong quan trude ri sau d6 st dung dft() dé tinh gia tri mat do pho.

bé x4c dinh mat do Su(w), Suy(jw) ta di tor cong thirc Wiener—Chitchin
(2.40) cho 7, (r)va 7,,(r) s€cod

- T ) ~ T .
S, (w)= I?u(r)e_ﬂ‘”dz' va Syy(Jjo) = J.Fuy(z')e_mrdr (2.40)
-T -T

Gibng nhu di lam véi tin hiéu x(7) & muc 2.2, & dy ta lai st dung ham

Xt) mo ta qua trinh trich mau 7,(z), 7y(0) thanh 7, mT,), 7, (mT,), m=—N+1,

..,—1,0,1, ..., N-1 vadi dén cong thirc tvong duong véi (2.29) nhu sau

- —Jjmn 2z
S,(nay)=Ta Nzla(mTa Je T 2N-1 (2.49a)
m=-N+1
~ - —jmn 2z
Suy (JnQy) = Ta Y Ty (mT,)e 2N-1 (2.49b)
m=-N+1
trong dé QN:(2]\72——”1)T 1a khoang thoi gian 1dy mau gia tri mat dé pho cua

cac ham §,(w), S,,(jo)trong mién phiic va nhu vay ta c6 thé st dung k¥
thuat DFT dé thuc hién hai cong thuc trén.

Tuy nhién, nhu da dé cap ¢ muc trudc, do chi co6 cac gia tri
7, (mT,),7,,(mT,) vOi chi s0 |m| nho 1a con twong doi chinh xac, nén ta sé

khong ldy tit ca 2N-1 gia tri 7,(nT,),7,,(mT,) di c6 vao viéc tinh mat do

phd ma chi 1dy mot s6 it nam xung quanh diém 0, gi¢i han boi chi s6 Lag M
7, (mT,), 7 (mT,) €O |m|<M.

Cac gia tri khac khong bo di ma don thuan duoc xem 13 bang 0. Noi cach

khac ta s& xac dinh anh Fourier cta diy gia tri gdbm 2N—1 phén tir nhu sau

O""’Oa Fu(_MTa) s "y Fu(_Ta) 77}1(0) 57u(Ta) 5T ;:u(MTa) 707 >0 (2503)
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09'“90: IN'uy(_MTa) P Fuy(_Ta)s;:uy(O)9Fuy(Ta)9'“9 Fuy(MTa):O: 70 (250b)

Véi viée ap dung chi sb Lag cat bot nhing gia tri 7,(nT,), Ty (mT,) €O sai
s6 16n d6, hai cong thirc (2.49) trd thanh:

. 2
mn———

~ M _
S,may)=Ta SFmTye  2N-1
m=-M

- ) M —jmni
S,y (jnQy)=Ta > Ty (mTy)e 2N-1
m=-M

Fu (), Fuy(r) 4 Fu (), 7uy(f)

SN AN

1
1

l & »! »!
1

Dlﬁy gdm c6 2NV-1 s6 hang I Diy gém cé 2V-1 s6 hang

Hinh 2.11: ap dung thuat toan FFT cho day gia tri (2.50).

Cong viéc cudi cung dé c6 thé ap dung dugc ham dft() mot cach truc tiép
cho diy (2.50) dé tinh anh Fourier §,(nQy) ,8,,(jny) cua nd 1a phai
chuyén hai cong thirc trén vé dang {%, } nhu (2.29) yéu ciu, tirc 1a chi s6 m
clia cac s6 hang trong diy khong chay tir —N+1 dén N—1 nhu trong (2.50)
ma phai di tir 0 dén 2N-2.

Pé lam dugc diéu nay, ta ap dung dinh 1y 2.6 cho cong thirc (2.29) sé&
thiy gia tri mat do phd nhan dugc §,(nQy),8,,(jnQy) trong (2.49) khong
chi don thuan 14 anh Fourier cua diy (2.50) ma 1a ctia mot ddy tudn hoan
trong d6 (2.50) 1a cac gia tri trong mot chu ky. Boéi vay dé co
8,(nQN),8,,(jnQy) dling nhu dang ma (2.29) yéu ciu, ta ¢6 thé 4p dung
DFT cho nhiing gia tri trong mot chu ky khac bat dau tir diém 0 (hinh 2.11)
va di dén dang day thich hop cho FFT nhu sau:
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FM(O) ar'u(Ta) P Fu(MTa) 707“'90: '“:0: IN'u(_MTa) P Fu(_Ta) D) (2513)
%{_J

2(N-M-1) s6 hang 0

Py (0), 7oy (Tg) -+, Py (MT 000,20, 5+,0, 7, (-MT,) -+, 7,(-T,),  (2.51b)

2(N-M-1) s6 hang 0

Tong két lai tit ca nhimg két qua néu trén vé van dé nhan dang mat do
phé tin higu §,(nQy),8,,(jnQy) tir cac gid tri tin hidu vaoira {&,},{75},
k=0,1, ... , N-1 da do dugc cua tin hiéu u(¢), y(¢) ta di dén thuat toan:

1) Chon mot sé M trong khoang 5+20% cta 2N-1 lam chi s Lag.

2) St dung ham cor() dé tinh 2M+1 cac gia tri ham twong quan
7(mT,), 7, (mT,), m=—M, ... ~1,0,1, ... ,M tlr cac gia tri tin hi€u
{@, },{7},=0,1, ... , N-1.

3) Chon ham cira s6 w(f) xac dinh trong khoang |¢|<M Ta nham lam giam
sai s6 ro ri khi thyc hién cong thirc (2.49) bang cach 1dy mot trong sé 8
ham cira sd wi(?), i=0,1, ... ,7 da cho tai muc 2.1.6 vo1 T=2MTa roi
dich sang trai mot khoang M Ta sao cho ham c6 gia tri cuc dai tai =0
(ndm d6i xtmg qua truc tung).

4) Nhan cic gia trj 7,(nT,),7,,(mT,) véi w(mTa) dé co

1, (mTy) =1, (mTy )w(mT,)
Tyy(mTy)= Fuy (mT,)w(mT,)

5) Chon s6 nguyén A 1a lity thira ctia 2 khong nho hon 2N-1. Sap xép lai

day {r,(mT,) }, {rymT,) }, m=—M, ... 0, ... , M thanh

fu(o) a?u(Ta) P ?u(MTa) 707.“909 ?u(_MTa) P Fu(_Ta)

Tuy(0) 5 Ty (To) 5+ 5 Ty (MT) , 0,4+ ,0, 7y (-MTy) 5 -+, 1y (<Ty)
bang cach thém A-2M—1 sb 0 vao giita, sao cho mdi diy c6 dung A
phan tur.

6) Nhan ting phan tir ciia ddy trén v6i chu ky trich mau Ta rdi sir dung fft()

2

dé tinh anh S, (»Q,),8,,(inQ,), n=0,1, ..., 1, trong d6 Q, = et
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Chu y: Hiu tng aliasing va leakage cua toan to DFT cling tdc dong 1én
viéc nhan dang S,(nQ,),S,, (jnQ,) Vi dau vao ctia chuong trinh chi 1a diy gia
tri 7,(mT,), 7,(mT,), m=—M, ... ,0, ... , M chir khong phai ban than ham
twong quan. Hon nira, do ta da sir dung s Lag M dé han ché su tham gia cac
gia tri 7,(mT,), 7, (mT,) cO sai sb 16n vao viéc tinh mat do phé, nén toan bd
2N-2 gié trj ph6 tinh dugc §,(n,), §,,(jnQ,), n=0,1, ... , 2N-2 khong co
d6 chinh xac nhu nhau. Cy thé 1a khi chi s n cang cao, sai s6 cua
8,(n9,),8,,(jn0,) cang 16n. Theo két qua thong ké trong [12] thi chi c6
nhimg gia tri S,(nQ;),S,,(jnQ,) trong khoang 0<n<2M 1a c6 sai léch khong
dang ké.

Thuat toan trén da dugc cai dat thanh ham va chwong trinh chuén trong

cac phan mém tién dung nhu ham spa() trong Toolbox Identification cua
MatLab. Mgt chuong trinh khac c6 tén spec() duoc cai dat trén C phuc vu

viée tinh S,(n,),S,,(inQ,) tr {@,}, {5}, &=0,1, ... , N—1 dudi dang
ham cho duéi day dé tham khao.
Ham spec() nay su dung thém ham con cor() phuc vu viéc tinh 7,(mT,),
7uy(mT,) theo cong thirc bias (2.45), (2.46) hodc unbias (2.47), (2.48).
Ham spec() co cac bién hinh thirc sau:
a) Con tro u chi dau mang s6 thuc u[] chtra cac gia tr1 @, k=0,1, ...,
N-1.
b) Con tré y chi dau mang sé thuc y[] chra cac gid tri 3,, &=0,1, ... ,
N-1.
¢) S6 thuc Ta chira hing sb thoi gian trich mau.
d) S6 nguyén N chira 6 dai hai ddy {#, }, {5, }, tic 13 chtra chi s6 N.
e) SO nguyén Sexp chtra 6 mil Iy thira 2 cta d6 dai cua day két qua
{8,,Gin0) ), n=0,1, ..., 25—
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f) S6 nguyén M chura chi s6 Lag, tirc 1a d6 dai can phai c6 cua diy gia tri
ham tuong quan {7, (mT,) }.

g) SO nguyén bias xac dinh gia tri ham twong quan s& dugc tinh theo
cong thuc bias (bias=1) hay unbias (bias#1).

h) Sb nguyén w xac dinh chi sd 0<i<7 cta ham cira s6 s& duoc sir dung
nham 1am giam sai s6 ro ri (muc 2.1.6) khi st dung ky thuat DFT.
Néu néi dung ctua w 1a mot sé ngoai khoang [0,7] thi ham s& sir dung
ham ctra s6 wo(?).

i) Con tro S chi dau mang sd phtrc S[] chira két qua {S,,(jnQ,) } theo
thw tu S[0]=S,,(0), S[1]=S,,(jQ,), ..., S[n]=8,,(jnQ;), .... Nhu vay
mang S[] phai c6 d6 dai it nht la 25,

Ham spec() khong lam thay ddi noi dung ctua hai mang u[] va y[].

Ham tra vé gia tri —1 néu M> N. Truong hop M< N ham s& tra vé gia tri

1a d6 dai thyc co6 cua day két qua {S,,(jn02,) } trong mang S[].

int spec(double *u,double *y,double Ta,int N,int Sexp,int M,

{
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int bias,int w,complex *S)

int i,j,p=pow(2,Sexp);
double *r,T=Ta*2*M,s;
r=new double[M+1];
if(cor(u,y,N,M,bias,r)!=0) return(-1);
for(i=0;i<=M;i++) S|i]=complex(r[i]);
for(i=M+1;i<p-M;i++) S[i]=complex(0.);
if(cor(y,u,N,M,bias,r)!=0) return(-1);
for(i=1;i<=M;i++) S[p-i]=complex(r[i]);
for (i=0;i<=M;i++)
{

s=fw(w,Ta*i,T);

S[i]=S[i]*s*Ta;

if(i>0) {j=p-i; S[jI=S[jl*s*Ta;}
}
fft(Sexp,S);
delete [] r;
return(p);



Mubdn str dung ham spec() dé tinh {5, (nQ,)} ta chi can goi ham véi hai

day dau vao giéng nhau u[k]=y[k]=%,, /=0,1, ... , N—1.

2.3 Nhén dang mé hinh khong tham s6

2.3.1 Xac dinh dwong diic tinh tin bién pha

Cho mét d6i twong can nhan dang. Gia st rang thong tin A—priori da cho
ta biét dbi tuong co thé mo ta duge béi mot mod hinh tuyén tinh. Néu chon
diy ham trong luong {gk} 1am 16p mo hinh tuyén tinh thi nhiém vy dat ra
cho bai toan nhan dang s la: Thong qua viéc quan sat cac tin hiu vao ra
u(f), y(¢) voi két qua quan sat 1a day gia tri {uk}, {yk}, trong d6

uk =u(kTa), yk=y(kTa)

va Ta 1a chu ky trich mau, hiy xac dinh diy ham trong lugng {gk} sao cho

tong binh phuong cac sai 1éch ek 1a nho nhét (hinh 2.12).
n(t)

Hinh 2.12: Phat biéu bai toan nhan dang
mé hinh khéng tham sé.

o)

Quan sé} tin hiéu
(trich mau)

uk L Méohinh | ¥ | vk
{gh} ek

Ky hiéu y¥ 1a gid tri tin hiéu d4u ra ctia mo hinh tai thoi diém kT« thi sai

léch ek ciing tai thoi diém d6 sé 1a
ek =yk —y) =k —gk*vk=vk— 3 gyup»

do d6 tong binh phuong cac sai 1éch duoc tinh bang
2
Y — zgnuk—n

n=-—ow

0= Slef*= 3
k=—0 k

=—0

Pay 1a ham theo bién {gk}. Ham c6 dang toan phuong véi gia tri khong
am va bang 0 khi va chi khi {gk} mé ta chinh x4c dbi tuong, tirc 14 tin hiéu
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dau ra cua ddi twong dung bang tin hiéu dau ra cia mo hinh. Boi vay dé O
c6 gia tri nho nhat thi can va dua 1a
o6 _ 0

vO1 moi /.
o8y

biéu nay dan dén

0= i Hyk— ignukn]ukz]

k=-w n=-w

= DUV~ 2 [gn Zuk—nuk—l]-

k=—o0 n=—wo k=—x0

Thay k- bang ¢ trong tong thir nhat va k—n bang p trong tong thir hai

Zuqu+l= Z [gn Zupum—n—lj

q=—o n=—w p=—®
sau do ldy gi4 tri trung binh cua hai vé
ruy(ITa) =3, g,r,(n - DT,) =gl*ru(ITa)
rdi chuyén sang mién phuc, ching han nhu v&i chuwong trinh spec() di duoc
trinh bay trong muc 2.2, s€ duoc

Suy(nQ)=G(jnQ) S, (n02,)

Sy (inQ2;)

= G(GnQ,)=—= ,
(]n /1) Su(nQ},)

(2.52)

trong d6 Q,; = Zf

a

v6i A 1a mot sb nguyén liy thira ciia 2 nho nhat nhung

khong nh6 hon 2N-1, §,(nQ,), S,,(inQ;), n=0,1, , ..., A-1 la cac gia tri
nhén dang dug’c cua ham mat do phé Su(w), Suy(j w) tai cac diém tan sb o=
nQ; va N 1a s6 cac gia tri tin hiéu uk, yk da quan sat duoc.

Cong thire (2.52) no6i rang ham trong luong g(7) cua d6i tuong tuyén tinh,
nhan dang theo phuong phap cuc tiéu hoa sai 1éch dau ra, c6 cac gia tri anh
Fourier 14 ty s6 gitta gia tri mat do pho chéo va gia tri mat do phd hop tin
hiéu vao/ra. Két qua cia phuong phap nhan dang nay sé khong bi anh
huong boi nhidu n(f) néu nhidu do6 tac dong tai dau ra cua d6i tuong, co gia
tri trung binh mn=0 va khong tuong quan véi tin hi¢u vao u(z), vi
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Suy (J@) = Syyy (Jo) + 8y, (J) = Sy (jo)
=0
Ciing tir cong thirc trén ta di dén thuat todn xac dinh anh Fourier G(jn<);)
cua day ham trong lugng {gk} tir N cac gia tri tin hi€u uk, yk nhu sau:

1) Nhan dang mat d6 phd 8,(nQ;), 8,,(jin0;), n=0,1, ... ,A~1 tirnhing

gia tri tin hidu vao/ra uk, yk, k=0,1, ..., N-1 cua ddi twong theo thuat
toan da trinh bay trong muc 2.2, chang han nhu theo chwong trinh
spec(). Chung duoc xem 1a nhiing gia tri gan ding cta Su(nQ;),
Suy(jnQ,).

2) Xac dinh gia tri anh Fourier G(jnQ);), n=0,1, ... ,2M cia ham day trong
luong {gk} theo cong thirc (2.52).

Thuét toan trén da duoc cai dat thanh ham nonpar() viét trén C cho dudi
day dé tham khao. Ham nay c6 cac bién hinh thirc sau:

a) Con tro u chi dau mang s6 thuc u[] chua céc gia tri uk, k=0,1, ...
N-1.

2

b) Con tré y chi dau mang sb thuc y[] chra cac gia tri vk, k=0,1, ...,
N-1.

¢) S6 thuc Ta chira hing s6 thoi gian trich mau.

d) S6 nguyén N chira do dai hai ddy {uk}, {yk}, tirc 12 chira chi s N.

e) S6 nguyén M chira chi sé Lag, tirc 1a d6 dai can phai c6 cua diy gia tri
ham tuong quan {7, (mT,) }, dong thoi ciing xac dinh d6 dai cia day

két qua {G(inQ,)} 1a 2M+1, tic 1an=0,1, , ..., 2M v6i Q; = jj’f

a

trong d6 A 1a mot sé nguyén lity thira ctia 2 nhé nhit nhung khong
nho hon 2N-1.

f) S6 nguyén bias xac dinh gia tri ham tuong quan s& duoc tinh theo
cong thirc bias (bias=1) hay unbias (bias#1).

g) SO nguyén w xac dinh chi sé 0<i<7 ciia ham cira s6 s& duoc sir dung
nham lam giam sai s6 ro ri (muc 2.1.6) khi st dung k¥ thuat DFT.
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Néu noi dung cua w 13 mot s6 ngoai khoang [0,7] thi ham s& str dung
ham ctra s6 wo(?).

h) Con tr6 G chi dau mang s6 phic G[] c6 do dai 2M+1 chira két qua
{G(jnQ);)} theo tha tu G[0]=G(0), G[1]=G(jL), ... ,
GI2M|=G(j(2M),).

Ham nonpar() tra vé gia tri bao 16i —1 néu M> N. Trudng hop khong co
16i (M<N) ham s& tra vé gia tri A. Haim khong lam thay doi noi dung ctia cac
mang u], y[I.

int nonpar(double *u,double *y,double Ta,int N,int M,int bias,
int w,complex *G)
{
int p,Sexp=0,k=2*N-1,i;
complex *Su,*Suy;
while ((p=pow(2,Sexp))<k) Sexp++;
Su=new complex|p];
Suy=new complex|p];
if((p=spec(u,u,Ta,N,Sexp,M,bias,w,Su))>0)
if((p=spec(u,y,Ta,N,Sexp,M,bias,w,Suy))>0)
{
k=2*M;
for(i=0;i<=k;i++) G[i]=Suy][i]/Suli];
}
delete [] Su;
delete [] Suy;
return(p);

Chu ¥ ring trong s6 cac gia tri S,(nQ;), §,,(jnQ,) tinh bang chuong
trinh spec() vira trinh bay trong muc 2.2 thi chi nhitng gia tri co chi s6 n
trong khoang 0<n<2M 1a c6 sai s6 chdp nhan dugc ([12]). Béi vay khi st
dung (2.52) dé xac dinh G(jnQ,) ta ciing chi nén cho n chay tir 0 dén 2.

Hinh 2.13 1a mét vi du minh hoa cho diéu khang dinh trén. Puong dam
nét trong hinh 1a d6 thi biéu dién phan thuc va ao cua dudng dic tinh tan
G(jw) dbi twong quan tinh béc hai:
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G(s) = 25

 (1+1,68)(1+055s)
(dudng dic tinh tan chinh xac).

Str dung ham nonpar() véi 2048 gia tri tin hi€u vao ra {uk}, {yk}, trong
d6 thoi gian trich miu 7a=0,1ms, chi s6 Lag M=280 ta c6 duoc diy
{G(in2,)}, Q, =15,8s"" tinh theo thuit toan vira trinh bay. Pudng nét thanh
trong hinh 1a dudng biéu dién diy cac gia tri d6 (dudng dic tinh tan nhan

dang duoc).
Gid tri phan thwe DPudng dam nét la dwéng déc tinh tan chinh xac Gid tri phan ao
A Puwdng nét thanh la dwong dac tinh tan nhan dang a
duoc
Nhirng gia tri nhan dang 405

dwoc c6 thé chap nhan
21 dwere la nhivng gia tri trong
khoang tir 0 den 2M=560

»
»
1

Phan ao

Phan thwc

| | ] | ]
T T I
150 300 450 600 750 900 1150 1300

Hinh 2.13: So sanh duwdng dic tinh tAn G(j@) nhan dang dwoc véi duwdng thwe phai cé cla
mat déi twong quan tinh bac 2.

Ta nhan thiy ngay rang trong khoang
0<n<560=2M,

sai 1éch gitra hai duong 13 khong dang ké, tham chi chiing gan nhu tring
nhau. Nguoc lai, khi n >2M=560 dudng dac tinh tan nhan dang dugc c6 mot
sai I¢ch kha 16n so voi duong dac tinh tan chinh x4c.
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2.3.2  Xac dinh ham trong lugng tir dwong dic tinh tin

Dé tinh nguoc gia tri gk cua ham trong luong g(¢) tir diy G(jnQ;), n=0,1,
,2M ta str dung chuong trinh invdft() da trinh bay trong muc 2.1.8. Két

qua nhan duogc s€ 1a day cac gia tri gk=g(kTa) cua g(?).

1)

2)

3)

Str dung ham nonpar() dé xac dinh {G(jnQ,)}, n=0,1, , ..., 2M véi

Q= /Zf , trong d6 A 1a mot s6 nguyén lily thira ciia 2 nho nhat nhung

khong nho hon 2N—1 va N 1a d¢ dai day gia tri tin hi€u {uk}, {vk} do
duoge voi chu ky 1ay mau Ta.

Gan thém nhitng gia tri 0 vao sau ddy G(in€Q);), n=0,1, ... 2M dé day
moi co dung A phan ti.

St dung ham invdft() dé chuyén nguoc {G(jnQ,)}, n=0,1, , ..., A1,
trong d6 G(jnQ2;)=0 néu n > 2M sang mién thoi gian. Két qua thu duogc
s€ 1a {gk}, k=0,1, ..., A—1 v&i gk= g(kTa).

Cau héi on tap va bai tap

1.

80

Véi nhitng diéu kién gi thi viéc nhan dang anh Fourier cua mét tin hi¢u

A 7 . N-1 7Jkn2i y . 27[

theo cong thirc X(jnQ)= > x(kT,)e = N vo1 Q= NT
k=0

a

s€ khong co6 hiu

ung trung pho va véi nhitng di€u kién gi thi viéc nhan dang anh Fourier
cta mot tin hi¢u cling theo cong thurc d6 s€ khong c6 hi¢u ung 10 ri.

Vi nhiing tin hiéu nhu thé nao thi viéc nhan dang anh Fourier cta nd

~ , . N-1 ~ jkn 2% L o2 ~ A )
theo cong thirc X(jnQ)= > x(kT,)e = N vo1 Q= ~7~ ¢ cho ra két qua
k=0

a

dung, tirc 1a khong chira ca hai loai sai sb trung phd va sai s 10 ri?.

Hay chi rang tir diy gdm N gia tri uk , yk, k=0,1, ... , N1 do duoc cua
tin hiéu u(?), y(f) trong khoang thoi gian [0, T) v6i chu ky lay mau Ta ,
tuc 1a uk = u(kTa), yk= y(kTa) va T = NTa thi cac gia tri cia ham tuong
quan



N—‘m‘—l
ruy(mTa) = % Supypim > m=-N+1,...,-1,0,1, ... , N-1

k=0

N néunhan dang bias

trong do p ={

N —m néunhan dang unbias
¢6 thé dugc tinh nhanh theo thuét toan sau:

a) Tim mot sé nguyén A liy thira cia 2 nhé nhat nhung khong nhé hon
2N-1, sau d6 xay dung ddy co A phan tir nhu sau

b

~ _ |up nu0<k<N-1
T, =
OnéuN<k<i-1

~ _|Y-N+1 nEUN-1<E<2N-2
0 nfu 0<k<N-2 hoic 2N-1<k<Ai-1

b) Goi ham fft() dé tinh anh Fourier U, (jn,) cta diy {7, } va ¥,(jnQ,)
cuaday {y,},n=0,1..., A-1.
¢) Xac dinh ddy R,(jnQ,)=U,(jnQ,;)Y,(jnQ,),n=0,1 ..., A-1.

d) Chuyén nguoc {R,(jnQ,)} sang mién thoi gian bang cach st dung

ham fft() mot lan nita v6i ddy dau vao R,(jnQ,) =0, (jnQ,)¥,(jnQ,).
e¢) Chia ting phan tir ciia diy két qua thu dugc sau khi chuyén nguoc

sang mién thoi gian cho hing sb p ta s& dugc diy cic gia tri

{ruy(mTa) } theo thir tw

{ruy(-N+1)Ta), ... ,ruy(-Ta) , ruy(Ta) , ..., ruy((-N+1)Ta) }

4. Hay dé xay dung mot chuong trinh tinh nhanh céac gia tri mat d¢ phd tin
hiéu Suy(jnQ;), n=0,1 ..., A-1 tr cac gia tri tin hiéu uk, yk, k=0,1, ...,
N-1 do dugc cua tin hi¢u u(¢), y(¢) trong khoang thoi gian [0, 7) vdi chu
ky 14y mau Ta bang cach sir dung thudt toan da cho ¢ bai 3, trong d6 7=
NTa, 214 s6 nguyén nho nhét c6 dang lily thira ctia 2 nhung khong nhé
hon 2N-1va Q=22

a

5. Chtrng minh rang céc gia tri mat d phd
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N-1 - jmn
Suy(jnQY) =Ta Y. r,,(mT,)e N
m=0

voi Q =]j_;, tinh tir N gia tri uk , vk, k=0,1, ... , N-1 do dugc cla tin

hiéu u(f), y(f) trong khoang thoi gian [0, 7) véi chu ky 1dy mau Ta , ¢6
thé duoc xac dinh theo cong thic

Suy(jnQ) = Lo T, ()Y, (jn)
p

. __|N néunhan dang bias
trong do p = . _
N —m néunhan dang unbias
2 2
. N-1 —Jkni . N-1 —jkn="
Ua(jnQ)) = > upe = N | Ya(jnQ)=> ye = N,
k=0 k=0

n6i cach khac Ua(jn) 1a anh Fourier thu dugc nho fft() cia {uk},
k=0,1, ..., N-1 va Ya(jnQ)) la anh Fourier cua {yk}, /=0,1, , ...,
N-1.



3 Nhan dang mé hinh lién tuc, tuyén tinh c6 tham s tir mé hinh
khong tham so

Mb hinh lién tuc c¢6 tham sb dugc dung dé mé ta ddi tuong tuyén tinh
& chuong nay 1a ham truyén dat biéu dién ty sb gitra anh Laplace Y(s) cua
tin hiéu dau ra y(¢) va anh Laplace U(s) cta tin hiéu dau vao u(r):

_Y(s) _ bo+bis+tby s

G(s)

, na>nb

U@s)  q ta s+t a, s
trong d6 na , nb ¢6 thé 1a cho trudc (mod hinh co cau tric) hodc 13 nhiing
tham sb can phai dugc xac dinh (md hinh khong c¢6 ciu triic). Bai toan dit ra
la tr mo6 hinh khong tham sb di co, hdy xac dinh by, by, ..., b, , a0, a1, ...

, a,, thudc R cho (3.1).

Mo hinh khong tham sb dé c6 1a ham qua do A(¢) thu dugc tai dau ra nho
phuong phap nhan dang cht dong véi tin hi¢u chon trude 1a ham Heaviside
1(f) & dau vao, hodc diy cac gia trj anh Fourier G(jnQ;) ciia ham trong
lugng g(¢) thu dugc trén co sd quan sat cac tin hi¢u vao/ra (nhan dang bi
dong). Phuong phap nhan dang day gia tri G(jnQ,), n =0,1, ... , 2M v6i M
12 mot chi s6 Lag chon trudc trén co sé phan tich phd tin hiéu, c6 dé ¥ dén
nhiém vy loc nhiéu di duoc trinh bay trong chuong 2.

3.1 Xaic dinh tham s6 mé hinh tir ham qua d
3.1.1 Nhirng két luin tong quat
Mot s6 két luan tong quat trinh bay dudi ddy c6 thé chwa du cho viée xéac

dinh toan b cac tham s6 by, b1, ..., b,,, a0, a1, ... ,a, €R cia md hinh



(3.1) tir ham qua do A(7), song ciing 1a can thiét dé co dugc nhitng kién thirc
ban dau hd tro cho céc cong viée tiép theo. Nhing két luan d6 sé la:
— Két luan vé bac mé hinh, tirc 12 vé na va nb .
— K&t luan vé céac thanh phén co ban nhu khau khuéch dai P, tich phan I,
vi phan D c6 trong m6 hinh (3.1).
— Két luan vé dang cac diém cyc ciing nhu cac diém khong cua (3.1) va
néu c6 thé thi con vé sy phan b cta chung trong mit phiang phic.
Két luan 1: 1) Néu A(+0) = 0 thi na > nb . Nguoc lai néu A(+0) # 0 thi
na=nb .

2) Néu %h(m) = 0 thi na — nb >1. Nguge lai néu %h(m) #0 thi na

=nb+1.
3) Néu h(+0) = oo thi ao= 0, hay trong G(s) c6 mot khau I ndi tiép:

by +bys+--+by, ™

G(s) =

s(a; +ags+-+ anasna_l)

4) Néu h(+w0) = 0 thi by= 0, hay trong G(s) c6 mdt khau D nbi tiép:
G(S) — S(bl +b2$ EE bnbsni—l) |
() +als+...+anas @

5) Néu h(+0) 1a mot hang sé khac 0 thi trong G(s) c6 mot khau P

YRy re 1A A A . b
noi tiep véi hé so khuéch dai k=-"2:
)

L4+bys+-+by,, "

G(s) =k

L4+ays+ 40y, 5"

Pé chimg minh két luan 1 ta co thé st dung cac cong thirc sau cua toan tir

Laplace:

1) x(+0) = lim sX(s) (3.2a)
2) x(+ow) = lim sX(s) (3.2b)
3) L{% = sX(s) — x(+0) (3.2¢)
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trong d6 ky hiéu L{-} chi phép tinh lay anh Laplace va viéc d6 danh cho ban

doc nhu nhiing bai tdp 6n luyén.

Hinh 3.1: Xac dinh quan hé ban dau gitra
bac cutia da thirc ter s6 va da thire
mau sb théng qua gia trj ctia ham
qué dd h(f) tai diém =0.

h(?)

Ham ¢6 /4(+0)0 nén md hinh (3.1) cGia n6 phai
cona=nb.

Ham ¢é #(+0)=0 nén mé hinh (3.1) cia
no6 phai cé na>nb .

hs(0)

Céc hinh 3.1, 3.2 va 3.3 minh hoa tryc quan ndi dung két luan 1.

Ham /1(¢) c6 dao ham tai =0 khac 0 nén mé hinh (3.1) cta né phai cé6 na— nb =1

hy(2)

hs(2)

LY hy(2)

Hai ham h7(f) va h3(f) c6 dao ham tai =0 béng 0 nén mé
hinh (3.1) ctia né phai c6 na— nb >1

Hinh 3.2: M6t sb dang ham quéa d6 ctia dbi twong ma mé hinh (3.1) clia né c6 bac cua tir

s6 16n hon bac ctia mau sd.

A h(t)
hay(0)

Ham c6 chipa thanh phan tich phan (1)

Ham c6 chtpa thanh phéan khuéch dai (P)

Ham c6 chtpa thanh phan vi phéan (D)

t

Hinh 3.3: Xac dinh cac thanh phan co ban (P, I, D) cé trong mé hinh (3.1) théng qua dang 85

ham qua doé khi t — .



Vi du 1: Mot ddi tugng voi ham tryén dat G(s) dang (3.1) ¢6 ham qua do
(hinh 3.4)

1 —t3+15t%2-42¢+6
h(t)=1- ) )

6e
Do A(+0) = 0 nén na> nb . Thém nira dao ham

< hy=— t3 —18¢% + 72t - 48
dt 6et
tai diém ¢ =+0 co %720 nén na— nb=1.

Ngoai ra, vi tlim h(t)= 1 nén trong G(s) c6 thanh phan khau khuéch dai, ttrc

\ . A 24X o~ o1 a ~ b
14 hai tham so dau sé thoa man -2 =1.
Qo
NG T h
3 _Tt 1
1+2s >
1,51 G(s) =% T, ~—
1+s) Ll
T S N S
0,5_' Tt
t —>1 t
T T t T T > Tm »
1 2 3 4 5
Hinh 3.4: Hinh minh hoa cho vi du 1. Hinh 3.5: Ham qua d6 cho vi du 2.

Vi du 2: Tir ham qua dd A(7) cho trong hinh 3.5 cia mot ddi twong ta c6 thé

1+Tys

suy ra duoc nhitng két luan cho mé hinh G(s) = - cua no6 nhu sau:

— T, >T,, néu h(f) khi ¢ < oo ludn co gia tri 1én hon k() =1.
— T, <T,, néu A(f) khi ¢ < oo ludn c6 gia tri nhd hon A(w0) =1. o
Téng quat hoa két qua minh hoa ctia vi du 2, tiép theo ta s& xét ddi tuong

mo ta bdi
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A+T')A+Ty's) -+ 1+ Ty, 5)

G(s) =k :
(1+Tys)(1+Tys) -+ (1+ 7T, s)

(3.2)

tte 14 tir 4(7) nhan biét dugc rang d6i twong co thanh phan khuéch dai. Tham
s6 Ti duoc goi 14 hing s6 thoi gian cua da thirc mau s6 va 7' 1 hang s6 thoi
gian da thire ttr s6. Khong mat tinh tong quat néu ta gia thiét

TlﬁTQS...STna va T]'STZVS...ST;%
Két luan 2: Néu A(f) khong luon song va khong giam, tirc 13 A(f) khong

chtra thanh phan qua diéu chinh, thi cac tham sé 77, 7i' cia md hinh
(3.2) twong Gmg phai 13 nhitng s6 thyc va phai thoa man:

T,,> Ty, s T, 1> T, oo, T >T (3.3)

ny o tng-1 np—-1» ng—-np-1

Hinh 3.6 minh hoa mot s6 dang ham qua d6 /() khong giam, khong luon
song (khong c6 d6 qua diéu chinh) ma mé hinh (3.2) twong tng ciia né co
dang nhu két luan 2 vira néu.

1+0,75s

4 h(2) G(s)=

A h(t)
2
T
0,6+ Gals)= i @l -; (1,533 =
oal +5)(1+08s _ (1+055)(1+1,385)
' N 1 (1+0,75s)(1+1,5s)
0l G3(s)=——
, 1+s
1+s8)1+2s)1+3s)
Gas)= 2
} } } } } > (1+0,55)(1+1,25)(1+2,28)"
1 2 3 4 5 t t
Hinh 3.6: M6t sb dang ham qua dd minh hoa Hinh 3.7: M6t s6 dang ham qua d& minh hoa
cho két luan 2 cho két luan 3.

Két luén 3: Néu /(f) khong luon séng, ¢6 do qua diéu chinh nhung sau do
giam dan vé h(wo)=k va khong nho hon k thi tham sé 7i , 77" cia mo hinh
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(3.2) twong tng phai 1a nhitng sb thuc va phai ton tai duy nhat mot chi sb
le{1,2, ... ,nb} dé mot trong nb bat dang thuc (3.3) khong duoc théa man.
Hinh 3.7 1a mot s6 vi du vé cac ham qué do A(f) co dang thoa man gia
thiét cia két luan 3 cung v&i mo hinh (3.2) twong ung cua no. & day ta thay
trong Gi(s) co
,=1,5<1,=1,8
va trong G(s) co

T4=2,2 < T5'=3.

Két luan 4: Néu h(f) c6 m diém cuc tri, trong d6 diém cuc dai nim trén
duong h(wo)=k va diém cuc tiéu nam dudi dudng h(co)=k thi nhimng
tham s 77, Ti' cia md hinh (3.2) twong Gmg phai 13 nhiing s6 thuc va
phai t6n tai m chi sd trong khoang {1, 2, ... , nb} dé co6 m bat dang
thtrc trong (3.3) khong dugc thoa man.

DPé minh hoa cho két luan 4 ta xét lai vi du 1 v6i ham h(t) cho trong hinh

3.8. Ham nay c6 dang thoa man gia thiét yéu cau trong két luan 4 v6i m=3

diém cuc tri. Kiém tra lai mé hinh (3.2) tuong tng ctia nd

3
G — (1 + 23)
(S) a1+ 3)4

ta thiy ding 1a c6 3 bat dang thuc (3.3) khong duoc théa min va do 1a
Tin=1<Ti'"=2,i=1,2,3.
Nguoc lai, tur

2 —18t2 + 72t — 48
Ge!

d =
o
6 %h(t)ZO tai  (~0,8,6~4,6, %~ 12,6

Suy ra: hmax,= 2,4, hmin= 0,9 , hmax,~ 1,01 .

0
1

h(t) A

_(1+2)°
(1+s)*

G(s)
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Hinh 3.8: Ham qua dg voi 3 diém cuec tri. Hinh 3.9: Dang ham qua d6 cé vo sb diém cuc
tri phan bd cach d&u nhau trén va dwoi
dwong gidi han h(wo)=k.



Theo két qua ctia két luan 4, néu nhan thay tir duong d6 thi ham qua do 1a
h(?) c6 hiru han m diém cuc tri phan bd xen k& trén va dudi duong gidi han
h(o)=k thi c6 thé khang dinh ngay duoc rang mé hinh (3.1) ctia n6 phai co
na>nb>m.

Mot dang nira ciia ham qua do 4(f) thudng gip ma ta can phai dé ¥ 1a A(f)
c6 vO sd diém cyc tri phan bd xen k& trén/dudi duong gidi han h(co)=k va
cach déu nhau nhu ¢ hinh 3.9 m6 ta. Chic chin ring cac ham A(7) dang nay
phai c6 chira nhirg thanh phan dao dong (c6 thé bién do tit dan) dang

e “(sinawt + coswr)
boi vay mo hinh (3.1) twong tng cta né ciing phai cé cac diém cuc phirc
(khong nam trén tryc thuc) va ta di dén két luan tha 5 nhu sau:

Két luan 5: Néu A(f) co vo sb diém cuc tri cach déu nhau, trong d6 diém
cuc dai nam trén dudng h(co)=k va diém cuc tiéu nam dudi duong
h(oo)=k thi mé hinh (3.1) ctia né phai c6 cac diém cuc 1a nhirng gia tri
phtc (da thirc mau s6 c6 nghiém phuc).

Vi du 3: Xét d6i tuong v6i ham truyén dat

G(s)= — >+, D<1.
(S) 1+2Ds +52

DPa thirc mau so c6 hai nghiém phuc s, » =—D=ja. Ham qua d tuong tng cua
n6 c6 dang

h(H)=1 —L[Dsin(at) +acos(at)]e Dt
a

v6i a =v1-D? . Ham h(f) c¢6 vo sb cac diém cuc tri phan bd nim xen k&
trén/dudi duong gisi han h(c0)=1 va cach déu nhau (hinh 3.10).

2000 | MO D00

1500

1000 -

89

cuc phan bb xen k& va cach ddu~ ~%°

nhau minh hoa cho vi du 3.

000

000 5.000 10.000 15.000 20.000



Nam két luan trén dat mot co sé cho su suy luan vé dang md hinh dé ta
c6 thé tiép tuc giai quyét dugc bai toan xac dinh tham s6 tir ham qua do (7).
Tuy nhién mot diéu phai chu y 1a khong bao gio lai chon mo hinh c6 céu
trac phirc tap qua muc can thiét, vi du nhu tir () ma ta da suy ra duoc
na—nb >1, h(f) khong c6 dang lugn séng, c¢6 thanh phan khuéch dai h(co)=k
va khong bao gio vuot qué gia tri gidi han A()=k, tirc 1a mo hinh c6 céc gia
tri 7i , Ti" thuc thoa man (3.3), thi du néu ta gia thiét mo hinh cta no la:

G(s) =t .
A +Tys)(L+Tys)

Véi phuong chim xay dung md hinh du chinh xic nhu yéu cau chu
khong phai chinh x4c nhu c6 thé, sau déy ta s& tap trung chu yéu vao viéc
xé4c dinh tham sd cho:

A1 . _k
1) MO0 hinh PT; : G(s) T
A1 . _ K
2) MO hinh IT; : G(s) T
3) M5 hinh ITn: G(s)=—F*
s(1+Ts)™
A . _ k
4) M0 hinh PT;: G(s) —(1 T+ Tys) Tv#T;.
5) Mo hinh PTn:  G(s)=—F .
1+Ts)"
6) Mo hinh Lead/Lag: G(s) =108
1+T,,s
7) M6 hinh khau dao dong bac hai tit din: G(s)=—*__ 0<D<I.

1+2DTs +T2%s%

3.1.2  Xac dinh tham s6 mé hinh quan tinh bac nhat

Gia sir rang khi kich thich mot dbi twong tuyén tinh bang ham Heaviside
1(7) tai dau vao ta do duogc ham A(f) & dau ra c6 dang nhu hinh 3.11. Dya
theo 5 két luan vira néu trong muc trudc thi:

— bac cua da thac mau sd phai 16n hon bac cua tir sb mot bac, tuc 1a
na—nb=1, vi h(f) xuat phat tir 0 va c6 dao ham tai d6 khac 0,
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— do c6 h(co)=k nén ham truyén dat G(s) cua dbi twong phai thoa min
G(0)=k,

— ham A(f) khong c6 dang luon séng, ludn cd xu hudng ting dan dén gia
tri giéi han k nén cac diém cuc va khong cta G(s) phai 1a sb thuc thoa
man (3.3).

Buwong tiém can tai o
DPuwong tiép tuyén tai 0

Hinh 3.11: Ham qua do cla khau quan tinh i
bac nhét. T

Can ctr nhitng so kién nhu vy ta thiy hoan toan du dé c6 thé mo ta ddi
tugng néu sir dung ham truyén dat

k
G(S) B 1+Ts

va van d¢ con lai l1a phai xac dinh not tham s6 7, vi da c6 k = k().

Xuét phat tir (3.4) va cong thic gidi han (3.2a) ta c6 tai diém 0:

. . ks k
= g(+0) = lim sG(s) = 1 =—
g(+0) = lim sG(s) = lim —=0-= o

dh(+0)
dt

tga =

cho nén 7 c6 thé s& dugc xac dinh mét cach don gian nhu sau:
1) Ké duong tiép tuyén voi h(?) tai =0.
2) Xac dinh giao diém cua duong tiép tuyén d6 véi duong tiém can

k=h(c0).

3) Hoanh d6 cta giao diém vira xac dinh chinh 1 tham sb 7 can tim (hinh

3.11).

Tuy nhién phuong thirc xac dinh 7 vira néu ciing c¢6 nhuge diém 1a phy
thudc kha nhiéu vao do chinh xac viée ké duong tiép tuyén, tuc 1a phu thude
vao sy khéo tay cta ta. Néu rui ro ta dat duong tiép tuyén tai 0 "sai mot ly"
thi ¢6 thé s& nhan duoc két qua 7 co sai s6 "mot dam", nht 12 & nhting ham
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h(?) c6 hé s6 khuéch dai k twong ddi 16n. Bé tranh diéu "rii ro" ndy ngudi ta
da di tir (3.4) dé c6 H(s) =GO 15 chuyén ngugc sang mién thoi gian sé
S

duoc:

t
() =k(-e T)
va nhu vay tai thoi diém 7 thi:
W) =k(l1—e ") = 0,632k (3.5)

Noi céach khac, tai dung thoi diém 7 ham h(t) s€ dat duoc 63,2% gia tri
cuc dai. Gia tri (3.5) dugc xem nhu cong thirc xac dinh tham s6 T cho mé
hinh (3.4) tir duong thuce nghiém k(7). Ta di dén thuat toan (hinh 3.12):

1) Ké duong tiém cin v6i A7) tai t=c0 dé co k=h().
2) Xac dinh diém c6 tung do bang 0,632k cua (7).
3) Hoanh d6 cta diém vira xac dinh chinh 13 tham sé T can tim.

Trong kha nhiéu truong hop, véi mot 1y do khach quan nao d6 ngudi ta
khong tao ra dugc ham Heaviside & dau vao ma thay vao d6 1a ham
u()=uo1(?) thi do tinh chét tuyén tinh cua ddi twong, dap tmg y(7) tai thoi
diém T ciing c6 gia tri dang bang 63,2% gia tri cuc dai y(c0) ctia nd. Boi vy
thuat toan trén van st dung dugc dé xac dinh tham sb mo hinh (3.4) tr tin
hiéu y(£)= uo h(f) do dugc ¢ dau ra v6i mot thay d6i nho nhu sau:

1) Ké duong tiém can vai y(7) tai t—o0 dé c6 y(0), sau d6 suy ra k =¥
Uo

2) Xac dinh diém c6 tung do bang 0,632 y(c0) cia y(7).

3) Hoanh d6 cua diém vira x4c dinh chinh 1a tham s 7 can tim.

Vi du: Xét doi tuong 13 10 nhiét dién tré voi tin hidu dau vao u(f) do theo ap
trong dai tir OV dén 10V. Tin hiéu dau ra y(f) cta 10 dién tro 12 nhiét do. Khi
dat dién ap 10V tai thoi diém /=0 ngudi ta da do dugc cac gia tri sau ¢ du
ra.
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t [giay| 0 [10[20]30]40]50[60]70]80]90

yOI1'Cl| 0 [20]33]39]43]44]44]45]45]4s5

2 V(0

500F=223355555EaRm ="

316 - =

Hinh 3.13: Minh hoa cho vi du nhan dang b ' ; ' ' J '
tham s& mé hinh PTy. 10 20 30 40 50 60 70 80

Dung dudng dd thi tir cac két qua do duoc do ta co hinh 3.13. V&i dudng
db thi nay ta duoc h(t)Z%”;) . Theo cac budc cua thuat toan vira trinh bay, ta
co

Y(©0)=500 =  k=h(0)=50
Sau ding khoang thoi gian 7, tin hiéu dau ra y(¢) s& dat dugc gia tri xdp xi
bang 63,2% gia tri cuc dai y() cua no, tic 1a khi do6 n6 co gia tri
0,632- y(0) = 316.
Suy ra
w1=316 = T=~14
Vay mo hinh cua 16 dién tré la:

50

G = 13 14s

3.1.3 Xac dinh tham s6 cho mé hinh tich phan quan tinh

Cho mét ddi twong tuyén tinh can nhan dang. Bang phuong phép thuc
nghiém chu dong vai tin hiéu dau vao dat trude 1a ham 1(¢), nguoi ta do
dugc & ddu ra ham qua do A(f) c6 dang cho trong hinh 3.14. Ham A(f) ciing
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c6 thé nhan dugc thong qua phuong phap nhan dang bi dong co dé y dén sy
anh huong ctia nhidu bang phéan tich phd tin hiéu di dugc trinh bay &
chuong 2.
Can cr theo nhimng két luan di trinh bay ¢ muc 3.1.1 ta di &én nhan dinh
ban dau vé mo hinh tham s6 ctia ddi twong nhu sau:
— bac cua da thac mau sd phai 16n hon bac cua da thuc tu sb it nhét 1a 2
bac, tuc 1a na— nb > 2, vi h(?) xuét phat tir 0 va c6 dao ham tai do cling
bang 0,

— do ¢6 lim A(f)=00 nén ham truyén dat G(s) ctia dbi tuong phai co chira
t—o0
thanh phan tich phan, néi cach khac n6 phai c6 dang

by +bys+-o+by, ™

G(s) =

ng-1y °
s(a; +ags+-+a, s )

— ham A(f) khong c6 dang luon séng nén cac diém cyc va khong cia G(s)
phai 1a sb thuyc.

Hinh 3.14: Ham quéa do cla khau ITj.

Trén co s cac so kién vira néu va theo nguyén tic khong phuc tap mo
hinh qua muc can thiét, ta c6 thé gia thiét ring dbi twong c6 ham truyén dat

thudc 16p IT; :
_ k
G(s) = prr ot (3.6)
hodc 16p cdc mo hinh ITn:
k
G(s)= ———. 3.7
(s) s(1+Ts)"” (3.7
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trong d6 n cé thé 1a cho trude, song cling cd theé 12 mdt tham so can dugce
xac dinh.

Xac dinh tham s6 mé hinh tich phin quan tinh bac nhét

Trudce tién ta tap trung vao mod hinh IT; (3.6). Bai toan dat ra ¢ day la
phai xac dinh cac tham s6 & va T tir dudng thuc nghiém A(f) di co.

K¢ duong tiém can cua A(¢) khi #—>o. Theo cong thuc tinh gidi han (3.2b)
co

tgar = lim

t—o0

GO i, g@®) =limsG(s)=k ,
dt t—o 50
do d6 mudn xé4c dinh & ta chi can léy mot doan bat ky cta duong tiém can,
chiéu no 1én hai truc toa d6 dé co6 Ak va At (hinh 3.14), rdi tinh:
Ah
k=tga=—
& At

Vén dé con lai 1a tim 7 va dé lam duoc viée nay ta chuyén nguoc H(s)
=G6) sang mién thoi gian:
S
_t
h(f) = kit-T(1-e T))
Puong tiém can véi A(f) khi —oo phai 13 dudng thang c6 sai 1éch so véi
t
h(?) tién té1 0, mat khac khi #—oo thi e 7 — 0 nén mo hinh dudng ti€ém can
s chinh la:
htc(t) = k(t-T).
Suy ra T 1a giao diém cua duong tiém can htc(f) voi truc hoanh. Ta di dén
thuat toan:
1) Ké duong tiém can htc(t) voi h(¢) tai t=oo.
2) Giao diém cta duong tiém can htc(f) voi truc thoi gian (truc hoanh)
chinh 14 tham sb 7 ctia mé hinh (3.6).
3) L'Qiy mot doan bt ky cua duong tiém can, chiéu n6 1én hai truc toa do dé

c6 Ak va At rdi tinh k = AA_’;
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O nhimng truong hop c6 tin hidu dau vao khong phai 1a ham 1(7) ma 1a
u(f)=uo1() thi voi tinh chit tuyén tinh ctia d6i twong, tin hiéu dau ra sé& Ia
V()= uoh(t). Thuat toan twong tng cho cac truong hgp nhu vay c6 dang nhu
sau:

1) Ké duong tiém can ytc(f) voi y(¢) tai t=oo.
2) Giao diém ctia dudng tiém can yre(z) voi truc thoi gian chinh 1a tham sb

T.

3) Léy mot doan bt ky cua duong tiém can ytc(?), chiéu n6 1én hai truc toa

d6 dé c6 Ay va At rdi tinh k= -2
uOAt

Vidu 1: DPé minh hoa cho thuat ton trén ta xét bai toan nhan dang mo hinh
dong co chinh vi tri v6i tin hiéu vao 1a dién ap u(?) tinh theo Volt va tin hi¢u
ra 1a quang duong ban trugt di dugc y(¢) tinh theo c¢m (hinh 3.15 bén trai).

Chu dong kich thich dbi twong bang dién ap u()=50V tai dau vao ta thu
duoc quang duong ban trugt di dugc y(¢) nhu sau:

t [gidy| 0 (05 1 [1,5] 2 |25] 3 [3,5] 4 |45
s]

y(®) 0101/03[0,8(1,6/22[2,7(3,3(3,9/|4,4
[em] 515 5 5 5

Biéu dién két qua do duoc dudi dang do thi ta co hinh 3.15 bén phai. Tur
duong d6 thi d6 cua y(¢) va sau khi ké duong tiém cén v6i y(7) khi t—oo ta
dugc T=1s 1a hoanh d6 giao diém cua dudng tiém cin voi truc thoi gian.
Léy hai diém A4, B bat ky trén dudng ti€ém can roi chiéu doan AB Ién hai
truc toa do ta c6 Ay=1,45c¢m va Ar=l1s. Suy ra:

_ 1,45cm ~ 0,03 cm
50V -1s V-s

Vay mo6 hinh tham sb cua dong co chinh vi tri la:

0,03

G(s) = 1 . o]

s(1+s) Tin hidu vao u(?) VO ,

Tin hiéu ra y(?) T 25T 4

Chidu truot T
Ban trvgt | —> L, 157 | 145 o
El FQ\\\ ANRNNN \\\\\ T 4s
. = 05T // 1 t
96 Chiéu quay L . ~ v : >
05 1 15 2 25

Hinh 3.15: Déi twong nhan dang la déng co chinh vi tri.



Xac dinh tham s6 mé hinh tich phin quan tinh bac cao

Thuat toan xac dinh cac tham s6 & va T cia m6 hinh (3.6) c6 thé dugc mé
rong cho ca trudng hop md hinh tham sé ITn cua dbi tugng dang (3.7), tic
la

k
G(s)=———,
(s) s(1+Ts)"*
trong d6 n c¢6 thé 1a cho trudc hodc co thé 1a mot tham sé mo hinh can phai
xac dinh. Pac biét mé hinh (3.7) nay cling théa man cac so kién tng véi
dang ham qua d¢ 4(¢) cho trong hinh 3.14. Béi vay thuat toan xac dinh tham
s6 k, T, n md hinh (3.7) s& 1 su quan tam tiép theo cia ta.

Dit tin hiéu u(f)=uo1(¢) tai dau vao, anh Laplace Y(s) ctia tin hiéu ra y(f)

s€ dugc suy ra tir (3.7) nhu sau

Y(s) =k 3.8
(s) s2(1+Ts)" (3.8)

Phan tich (3.8) thanh tong cac phan thirc t6i gian
_ 1 nT &(n+1-)T?
Y(s) =ugh| 5 ——+> ——"—
) = [32 s +i§1 (1+Ts)" ]
r0i 4p dung cong thirc bién d6i Laplace nguoc

_t
_ ti—le T

(1+Ts)* TG -1)!

ta co dap ing dau ra cta ITn:

t

_ n(nl-i)tile T
£) =ugh-|t-nT+ Y2200 € 7 1
o) =uo Lzzl T2(i-1)!

Hinh 3.16: Ham quéa do cla khau ITn.
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t
Vi ¢ rat 1on thi tat ca cac thanh phane 7 trong tong trén co6 thé

dugc xem nhu bang 0. Do d6 dudng thang ytc(f) tiém can voi y(f) tai t—>oo
sé la
yte(t) = uok(t—nT)

Puong tiém can c6 hé sb g6c uok nén dé tim k ta léy mot doan bat ky cua
n6, chiéu 1én hai truc toa do dé c6 Ay va Ar. Hé s6 khuéch dai k khi d6 duoc
tinh bang

=8 _ Ay (3.9)

%) uOAt

Giao diém cua dudng tiém can yfe(f) v6i truc hoanh 1a Tte=nT (hinh
3.16). Néu nhu n 1a cho trudc, ta c6 thé tinh ngay ra duoc tham sb 7 bang
cach chia Ttc cho n. Ta di d&én thuét toan xac dinh hai tham s6 & va T cho mé
hinh (3.7) tir duong thuc nghiém y(¢) khi biét trudc n nhu sau:

a) Dung dudng tiém can ytc(f) cua y(f) khi t—o0. Ly mot doan AB bat

ky trén ytc(t) sau do chiéu 1én hai truc toa do dé co Ay va At. H¢ $6
khuéch dai k s& dugc tinh tir Ay va At theo (3.9).

b) Xac dinh Ttc 1a giao diém cta duong tiém can yre(f) voi truc thoi gian.

c) Tinh =T

n
Trong trudng hop n khong biét trude thi trude tién ta phai xac dinh n. Dé
1am duoc diéu nay ta tinh gia tri dap tng y(¢) tai thoi diém Trc :

n ie1
yT = y(Ttc) =u0ke‘”TzM+m
Pt G@-1)!

Sau d6 lap ty s6

- Jr _ T :in(nJrl—i)ni:
S e a0 Y e R (L) (3.10)

roi biéu din quan hé giita ¢ va n duéi dang bang tra (bang 3.1) nham phuc
vu cong viéc xac dinh ngugc n tr ¢ sau nay dugc thuén tién.
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Bang 3.1: Bang tra clru n tur gia tri ¢.

n| 1 2 3 4 5 6 7 8 9 10

¢|0,3610,27]0,22 |0,19 | 0,17 | 0,16 | 0,14 | 0,13 | 0,13 | 0,11
79 | 07 4 54 | 55 | 06 9 9 | 18 | 44

Béang 3.1 trén dugc thiét 1ap bdi ham phi_n() thyc hién cong thic (3.10)
viét trén ngdn ngit 1ap trinh C cho dudi day. Ham phi_n() c6 bién hinh thirc

n chura gia tri dau vao » va trd ve gia tri ¢ tinh dugc:

double phi_n(int n)

{
int i,j,mau_so;
double phi,sum=0.,tu_so=1./n;
for(i=1;i<=n;i++)

{
mau_so =1;
for(j=2;j<i;j++) mau_so=mau_so*j;
sum=sum-+(tu_so*(n+1-i))/(float)ymau_so;
tu_so=tu_so*n;

3

phi=sum*exp(-n);

return(phi);

Véi bang 3.1, ta thiy chi c6 thé xac dinh duoc n=10 (tng v6i gia tri
¢=0,1144) 13 cao nhat. TAt nhién 13 ta c6 thé md rong bang 3.3 véi su trg
gitip ctia ham phi_n(). Nhung tong quat hon ca 1a xay dung ham giai nguoc
phuong trinh (3.10) xac dinh n tir ¢ . Dé thyc hién didu nay ta dua vao tinh
chat nghich bién cua (3.10) va di dén:

— Xuat phat v6i k=1 va tinh fy(k) theo (3.10).

— Néu fo(k)>e thi tiép tuc ting k cho t6i khi c6 duogc fo(h)<¢@ .

— Trong truong hop 2¢ > [fo(k—1)+ fo(k)] thi n= k-1, nguoc lai thi n=k.

Theo cac budc tinh nhu trén thi s6 nguyén n ¢6 dugc s& 1am cho sai 1éch |
fo(n) — ¢ 1a nhé nhat. Mot ham n_phi() viét trén C phuc vu viéc xac dinh n
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tr @ theo cac budc vira néu cho dudi day dé tham khao. Bién hinh thirc phi
cua ham chura gié tri dau vao ¢ va sé tra ve s6 nguyén n tim dugc.

int n_phi(double phi)
{
int n=1;
double save=0.3679, result;
do
{ n=n+l;
result=save;
save= phi_n(n);
} while (save>phi);
save=(save-+tresult)/2.;
if (save<phi) return(n-1); else return (n);

Chu y: Gia tri dau vao ¢ thich hop cho ham n_phi() phai thoa man ¢ <
0,3679.
Cung voi bang 3.1 hodc ham n_phi() ta di dén thuat toan xac dinh tham
sO k, n va T cho md hinh (3.7) tir dudng thuc nghiém y(¢) nhu sau:
a) Dung dudng tiém can ytc(f) cua y(f) khi t—o0. Ly mot doan AB bat
ky trén yte(f) sau d6 chiéu 1én hai truc toa do dé co6 Ay va Ar. Hé sb

khuéch dai k s& duoc tinh tir Ay va Af theo k =—2_.

Ugp t
b) Xac dinh giao diém Ttc cua yte(f) v6i truc thoi gian va gia trj yT =
W(Ttc) tr duong thuc nghiém.

¢) Tinh p=—2T

uOthc
d) Xéc dinh n theo ¢ tir bang 3.1 hoac sir dung ham n_phi().
e) Tinh T ~ T
n
Vi du 2: Gia sir bang phuong phap nhan dang bi dong véi viéc do ca tin
hidu vao u(7) va ra y(f) ta da c6 diy gia tri G(jnQ);) ctia duong dic tinh tan

cia mot ddi tuong tuyén tinh cin nhan dang, trong d6 Q= 0,061359375s™"
van=0,1,2 ..., -1 v6i 4=1024. Lay chi s6 Lag M=100 rdi chuyén nguoc
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diy {G(jnQ)}, n=0, 1,2 ..., 200 sang mién thoi gian ta c6 dugc diy gdm
200 gia tri ham trong luong gk=g(kTa) véi Ta =ﬁ)—” =0,lsvak=0,1,2 ...,

A
200. Tiép theo ta xac dinh ham qua do theo cong thicc h(ITa) = T, Zl:gk ,
k=0
1=0,1, ... , 200 roi biéu dién cac gia tri h({Ta) dudi dang dd thi ta co hinh
3.17.

A

4,78

Hinh 3.17: Hinh minh hoa cho vi du 2. 0,85

Puong dap tng h(7) tmg véi kich thich ddu vao 1(7) nén & day co up =1.
Tur dd thi h(t) va dudng tiém can cia nd khi +—oo ta doc ra dugc Ttc= 0,8 ;
yI=0,85; Ay=4vaAt=1.Do do

k=% _=4va =T _=0,266.

uOAt uOthc
Tra bang 3.1 ta duoc n =2 (dugc chon mg véi gia tri ¢ gin nhat 1a ¢
=0,2707). Ta ciing c6 thé sir dung ham n_phi() v6i dau vao ¢ =0,66, ham s&
tra vé gia tri n =2. Vay:

r7=Te=08_04
n 2

va mo hinh tham s6 cia doi tuong 1a

G(s)=—2 . 0
() s(1+0,4s)?

3.1.4 Xac dinh tham s6 mé hinh quan tinh bic cao

Ngay & chuong 1 ta di mo dau voi mot vi du vé viée nhan dang mé hinh
dong co mot chiéu bang phuong phap chu dong kich thich ¢ dau vao tin
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hiéu 1(f) rdi thu dugc ¢ dau ra dudng thuc nghiém A(f) c6 dang mo ta trong
hinh 3.18.

Trong thuc té c6 kha nhiéu dbi twong c6 dudng thuc nghiém A(r) giéng

nhu vdy. Chiing déu ¢ chung nhiing dic diém sau:

a) h(f) xuét phat tir 0 va c6 dao ham tai d6 ciing bang 0. Theo két ludn 1
ctia muc 3.1.1 thi mé hinh (3.1) twong tGng cua dbi tugng phai c6
na—nb > 2.

b) DPuodng thuc nghiém A(7) co gia tri hang s6 k khi t—o0 nén ciing theo

két luan 1 ham truyén dat G(s) phai théa man G(0) =20 = £.

Qo
¢) Puodng h(f) khong c6 dang lugn song, ¢ tée do khong am (khong co
d6 qua diéu chinh) va gia tri luén ting dan dén A(c0)=k nén theo két
ludn 2, cac hang s thoi gian cia tir s6 ciing nhu ciia mau sb phai 1a
nhiing sb thyc théa man (3.3).

Nhu vdy du dé c6 thé mo ta dbi twong néu ta sir dung mé hinh (3.1) ¢6

cAu truc:
_ k ‘e A 1y
G(S) _m VO1 T] * T2 (mO hlnh PTZ) (31 1)
hoic
k A 1n
G(s) = hinh PT 3.12
(s) T (mo hin n) ( )

Vién dé tiép theo dat ra cho bai toan nhan dang 1a tir dudng do thi cta A7)
ta phai xac dinh loai mé hinh nao trong s6 (3.11), (3.12) thich hop véi d6i
tugng, cling nhu cac tham s6 k, Th, T» hodc k, T, n cho md hinh do.

4 1)

h(Tu) |

1

]

Hinh 3.18: Ham qua d6 cta khau '
PT; va PTn. 0 I
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Trong khi tham sb & ctia ca hai mo hinh c6 thé doc duoc ngay mot cach
tryc tiép tir A(¢) theo cong thuc:

= lim h(t)= (o)

hay k chinh 13 tung d6 cta giao diém duong tiém cn cua A(z) khi t—>oo, thi
viéc xac dinh nhitng tham sb con lai (7}, 7> hodc T, n) c¢6 phan phirc tap hon
va ching s& duoc xac dinh dya vao hai gia tri a, b (hinh 3.19) c6 tir db thi
h(?).

Puong thuc nghiém cta A(7) c6 mot dic diém mau chét ma ta s& sir dung
dé xac dinh T, 7> hodc T, n tix a, b 14 trong khoang thoi gian 0<¢<Tu (hinh
3.19) h(f) c6 toc d6 tang dan (gia tbc duong), sau d6 1a giam dan van tdc vé
0 khi —o0 (gia téc 4m), noi cach khac A(f) c¢6 van tdc cuc dai

V* = max—dh(t)
t dt

tai thoi diém Tu va nhu vay tai Tu duong cong h(f) c6 diém udn.

NG DPuong tiép tuyén ht(1)

kd---v-mmmmmm- - ? """"""""
Piém ubn
h(Tu) | _\4
a
0 ' >
u
a b

Hinh 3.19: Xac dinh hai tham sb a va b tiv h(?).
Ké duong tiép tuyén hrt(f) cua h(f) tai Tu thi phuong trinh duong tiép

tuyén do6 sé 1a

htt(f) =tga(t — a),
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trong d6 a duoc dinh nghia 14 hoanh d6 giao diém cua dudng tiép tuyén cua
h(?) tai diém udn. Goi b 1a khoang thoi gian dé duong tiép tuyén dé di dugc
tur 0 t61 k ta co:

vetga=t = pek (3.14)

a=Tu—

ML) = 1y~ ML) (3.15)
tga v¥

Xac dinh tham $6 mé hinh PT, (Ty#T>)

Khong mat tinh tong quat néu ta gia thiét 7;> 75 , nhu vay thi tir (3.11) ta
c6 md hinh cua dudng thyc nghiém A(f) bang phép bién dbi nguoc toan tir
Laplace nhu sau:

t t

Te L —T ei?2
)=k |1- -2 3.16
(1 — (3.16)
Suy ra:
_t ot
T T
dZit)=ke o (3.17)
1~ 42
_t _t
va Lro_ ) el e | (3.18)
dt? T'(To-Ty) To(Ty -Ty)

X . N e « R \ 2 . A “A \ . A
Béi vay d¢ c6 Tu ta xac dinh thoi diém ma % bi triét tiéu va di dén
t

Tu=-0% T (3.19)
TZ _Tl Tl
Thay (3.19) vao (3.17) ¢6

T

px =A@ _ b (Ty -1, (3.20)
dt T, \T '

va thay (3.19), (3.16) vao (3.15) duoc
a=Tu-b+T\+ T, (3.21)
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Do d6 néu ta ky hiéu
x=-2 (0<x<1vi T\>T). (3.22)

thi ciing véi (3.14), (3.19) ta s& dugc

L
i: k = E TZ_Tl = E:
2ok [le 1= fi(0). (3.23)

va véi (3.21), (3.21) ¢6

gzv*(kTu—bv*)= ﬁxlnx+x2—1_ _
2=t R e TS L 1= () (3.24)

Ba cong thiic (3.22), (3.23) va (3.24) chinh 1a cong cu dé tim 7;, T» tir a
va b. Cu thé nhu sau:

— Tim x théa man 0<x<I tu % bang cach giai nguoc (3.24), tic 1a x

o3

— Tim T} tir x theo (3.23), tirc 1a Tj =—2
fi(@)

— Tim 7 theo (3.22), tuc la T, =xT)

Nhung phai chi ¥ ring cic budc xac dinh 71, T, tir a va b trén day khong
phai Iic nao ciing 4p dung dugc. Tai sao lai nhu vay?. Cau tra 16i nim &
ngay diéu kién 1a gi tri x tim dugc ¢ budc dau tién phai théa man 0<x<1.
Néu nhu rang gia tri x im dugc ¢ budc dau tién nam ngoai khoang (0, 1) thi
ta c6 thé dimg ngay cong viéc tinh toan va dua ra két luan rang ddi tuong
khong thé mé ta bai mé hinh PT,.

Hon nira, ham f3(x) dinh nghia theo (3.24) 1 ham ddng bién (phan chimg
minh danh cho bai tap) voi gia tri gidi han

. 2
lim /3 (x) = liml[x 1-x Mq] =0,103648

X —

nén ta co thé kiém tra diéu kién thuc hién thuit toan ma khong can giai
nguoc phuong trinh (3.24) bang cach kiém tra xem ty sd % c6 nam trong

khoang
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0 <%< 0,103648 (3.25)

hay khong.

Téng két lai tat ca cac két qua néu trén, ta cd dugc thudt toan xac dinh
cac tham s k, T, T» ctia mé hinh (3.11) tir dudng thue nghiém A(¢) nhu sau:
1) Tim hang sb k theo k = k().

2) Ké duong tiép tuyén hte(f) voi h(7) tai diém udn. Sau d6 xac dinh hai
tham s6 a 14 hoanh d¢ giao diém cua duong tiép tuyén hrt(f) voi truc thoi
gian va b 1a khoang thoi gian dé duong tiép tuyén do6 di duoc tir 0 t6i k.

3) Lap ty sd % Néu ty s6 nay ndm ngoai khoang (3.25), tic 1a %Z
0,103 64}8, thi dung thudt toan véi két luan réng ddi tuong khong mo ta
dugc bang mo hinh (3.11).

4) Tim x thda man 0<x<1 tur % bang cach giai nguoc (3.24), tic 1a x

= -1 g
> (b]
5) Tim T tir x theo (3.23), tirc 1a ) =—2 .
f1(x)

6) Tim T theo (3.22), tic la T, = xT).

Duya vio tinh chét 1a f(x) =% don diéu tang trong khoang 0<x<1, mot
ham viét trén ngén ngir 1ap trinh C c6 tén x_adivb() theo nguyén tic chia
do6i khoang nghi¢ém sau moi lan tinh cho dudi day d€ phuc vu viéc xac dinh

nguoc x = fz‘l[%j nhu bude 4) yéu cdu. Haim nay c6 bién hinh thirc adivb
chura gi tri dau vao 1a ty sb % va tra vé gia tri x tinh dugc voi do chinh xéc
107,

double x_adivb(double adivb)

{
double x1=0., x2=1.,2,x,mu,err=0.00001;
do {
x=(x1+x2)/2.;
mu=pow(x,(x/(1.-x)));
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f2=(mu*(x*log(x)+x*x-1.)/(x-1.))-1.;
if (adivb<f2) x2=x; else x1=x;

} while(fabs(f2-adivb)>err);

return(x);

3
Bang 3.2 dudi day duoc thiét 1ap nho tro giup cia ham x_adivb() biéu dién

mot vai gia tri x dugc tinh nguoc tir nhing ty sb % dac trung.

Bing 3.2: Mot sb gié tri x c6 tir nhiing gia tri a/b tuong tng.

a/b| 0,01 | 0,02 | 0,03 | 0,04 | 0,05 ] 0,06 | 0,07 | 0,08 | 0,09 | 0,1
x| 0,01 0,02|0,04 0,70 | 0,10 | 0,13 | 0,19 | 0,26 | 0,37 | 0,61
2 75 | 67 7 08 | 93 | 04 | 22 | 40 | 13

Néu tin hiéu kich thich chii dong ¢ dau vao ctia ddi tuong khong phai 1a
ham Heaviside 1(f) ma 13 u(f)=uo1(¢) va tin hiéu do duoc & dau ra 1a y(¢) thi
do tinh tuyén tinh cua d6i twgng, ham qua do A(7) s& 1a

() =2©. (3.26)
u

0
Do d6, cung véi (3.26) thudt toan trén ciing c6 mot stra d6i nho cho phu hop
véi bai toan xac dinh cac tham sb k, T}, T» cia mé hinh (3.11) tr duong thuc
nghiém y(¢) nhu sau

1) Tim hing sé k theo k =2 |

Uo
2) Ké duong tiép tuyén yrt(f) v6i y(7) tai diém udn. Sau d6 xac dinh hai
tham s6 a 1a hoanh d¢ diém ma tai do co yt#(¢)=0 cua duong ti€p tuyén
va b 1a khoang thoi gian dé duong tiép tuyén dé di dugc tir 0 t&i y(eo).
3) Laptysd % Néu %z 0,103648, thi dimg thuat toan voi két ludn rang
doi tuong khong mo ta dugc bang mo hinh (3.11).
4) Timx=f; 1(%) bang cach giai ngugc (3.24).

b

5) Tim T; tir x theo (3.23), tuc la 7, = )
f1(x)
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6) Tim T theo (3.22), tic 1a To = xT.

Vi du 1: Gia sir ta phai xac dinh mé hinh c6 tham sb dang (3.1) cho bd cam
bién chuyén d6i ap suét thanh do dich chuyén nhu hinh 3.20 bén trai mé ta.
Kich thich véi dau vao u(f)=1,5bar ngudi ta do duoc ¢ dau ra duong thuc
nghi¢m y(¢) cho ¢ hinh 3.20 bén phai.

Tir dudng thuc nghiém y(7) va sau khi ké dudng tiép tuyén yr(f) voi no tai

diém uon ta cb

k=f;§=1,7, a=0,1 va h=1,15.
Suy ra

%: 0,087 <0,103648

va do d6 ta 4p dung dugc thuit toan trén dé tim 71, 7» . Goi ham
x_adivb()vdi gié tri adivb =0,087 & dau vao ta co x = 0,334.

0]

- ] R mmmmmmoeooo-
khoang dich H
chuyén . £ d
ap suat u(?) :
Y@

«— «—

] E >
0,1 1,25

Hinh 3.20: X4c dinh mé hinh b cam bién chuyén doi ap suét/ds dich chuyén.

Vay T, = fl(’ ) ~ 0,6638 , T = xT ~ 0,2214 va m6 hinh tham s cua bd cam
1 X
bién la:
G(s) = L7 0

(1+0,6638s)(1+0,2214s)

Céc budc 3), 4), 5) va 6) cua thuat toan xac dinh tham sé mé hinh PT,
trén da dugc cai dat thanh ham pt2() voi 4 bién hinh thtc a, b, T1 va T2
dugc viét trén ngon ngir 1ap trinh C cho dudi ddy dé tham khao, trong d6 hai
gia tri dau vao a, b 12 ndi dung cua hai bién hinh thac a, b va hai tham s
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dau ra T, T» tinh duoc s& duoc ham cét giit trong cac bién hinh thic T1, T2

Ham pt2() c¢6 st dung thém ham x_adivb() dé tinh nguoc x tir % theo

cong thirc x= f;(%j . Gia tri tra vé cta pt2() 1a mot s6 nguyén. Néu pt2() tra
vé gia tri 0 thi d6i twong mo ta dugc bdi md hinh PT, , trudng hop nguoc lai
thi khong.

int pt2(double a, double b, double &T1, double &T?2)
{
double adivb, x;
adivb=a/b;
if ((0<adivb)&&(adivb<0.103648))
{
x=x_adivb(adivb);
T1=b/pow(x,(x/(x-1.)));
T2=x*T1;
return 0;
} else return 1;

}

Vi du 2: Gid st tr duong thyc nghiém y(¢) nguoi ta da xac dinh duoc a=2,5
va b=30. Goi chuong trinh pt2() bang 1énh

void main()

{
double a=2.5,b=30,T1,T2;
if (pt2(a,b,T1,T2)== 0) printf("T1=%1.4AtT2=%1.4A\n",T1,T2);
getch();

}

ta s€ nhan duoc 71= 18,0312 va 7, = 5,2829.

Xac dinh tham s6 mé hinh quan tinh bic cao
& thudt toan trén c6 mot diéu kién rang budc 1a ty sb % phai thoa man

(3.25) va néu diéu d6 khong xay ra ngudi ta phai nghi téi mot mo hinh khac.
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Mo hinh dau tién c6 nhiéu kha ning thich hop 1a mé hinh PTn (3.12) vdi n
12 mot tham s6 can phai xac dinh.

Xuét phat tir (3.12) v6i cong thire bién doi Laplace nguoc sang mién thoi

gian s€ ¢
(z)
Wty =k |1-e 75 AL (3.27)
i=o U
va nhu vay ta duogc
i | alt] elr)
dh(t) _ke T | "SI\T) _noI\T
dt tT tEO i! TEO i-1)! (3.28)
o () (e (L) 2
d’h(t) _ke T -nf(T) Tz (Tj o (Tjt (3.29)
a2 21?5 i! '
2 9 IS
bat ddh;t) =0 va giai ra dé tim Tu ta di dén
t

Tu=(n-DT (3.30)
Thay (3.30) vao (3.28) va (3.27) ¢6

pk =Gh(T) _y e - (3.31)

dt T(n-2)! )
h(Tu) =k-{e”‘1 N Tﬂ (3.32)
i=0 L

Thay tiép (3.31) vao (3.14)

p=_=2' nap (3.33)

(n _ 1)1172

va (3.30), (3.31), (3.32) vao (3.15)

i =1 L= [enl_'g(n—l)’}
i=0

(n-1"2 i!
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Suy ra

a
b n-1! 5 il

i=

) VA i }1= f(n). (3.34)

Cong thic (3.34) chinh 1a cong thirc xac dinh tham sé # cho mé hinh
(3.12) bang cach giai ngugc
n = phan nguyén gan nhat cta fgl[%j .
va sau khi da c6 n tir (3.35) ta cling s& c6 ndt tham sb 7 con lai nho (3.33):

7=bn-1"? (3.36)

" Ln-2)’

Do neN nén khi n trong di nho (3.35) ¢6 thé duoc thay thé bang bang
tra cho don gian, tirc 1a sau khi da c6 ty s6 % ta chi can tra bang dé c6 n ma
khong can giai nguoc phuong trinh (3.35). Mot bang tra nhur vay 1a bang 3.3
cho dudi day.

Bang 3.3: Bang tra gi tri n tir ty s6 a/b.

ni 2 3 4 5 6 7 8 9 10 | 11

a/b| 0,10 | 0,21 | 0,31 | 0,41 | 0,49 | 0,57 | 0,64 | 0,70 | 0,77 | 0,83
36 8 94 | 03 | 33 17 1 92 | 32 | 41

Bang 3.3 duogc tao lap boi ham adivb_n() voi gid tri dau vao n 1a noi

dung cua bién hinh thirc n va gié tri trd vé 1a ty s % viet trén C nhu sau:

double adivb_n(int n)
{
int i;
double tu_so,mau_so,sum;
mau_so=1.;
tu_so=n-1.;
sum=1.;
for (i=1;i<n;i++)
{ mau_so=mau_so*i;
sum=sum-+(tu_so/mau_so);
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tu_so=tu_so*(n-1.);

}

return((exp(1.-n)*((tu_so/mau_so)+sum))-1.);
}
Tong quat, mot ham khac viét trén C véi tén n_adivb() cho sau day co

tac dung thuc hién cong thic (3.35) tinh nguoc n tir ty sb % ma khong can
tra bang 3.3. Gia tri diu vao ciia ham 2 1a ndi dung cia bién hinh thuc
adivb va ham sé tra vé gia tri n tinh dugc c6 sai léch | f3(n) — %| nho nhat.

int n_adivb(double adivb)
{ intn=2;
double save=0.1036, result;
do
{ n=ntl;
result=save;
save=adivb_n(n);
} while (save<=adivb);
save=(save+result)/2.;
if (save<adivb) return(n); else return (n-1);

Chi y: Goi rang tong quat, song ham n_adivb() ciing c6 nhugc diém 1a

khong thyc hién dugc khi %> 4,75 do tran 6 nhé. Vi %= 4,75 ham s& tra

vé gia tri n=127. Nhung mot md hinh (3.12) véi n>50 da duoc xép vao loai
mo hinh ¢6 cdu triic phuc tap, it c6 y nghia thuc t& nén nhugc diém nay s&
khong han ché kha ning tng dung cta ham.

Ngoai ra, do d6i tuong 13 tuyén tinh nén cac cong thic (3.35), (3.36)
cling nhu ham n_adivb() xac dinh n, T tr a, b khong phu thudc vao tin hiéu
chu dong kich thich ddi twong & dau vao u(f) 12 1(¢) hay uo1(z). Béi vay khi
u(f)=uo1(?), thuat toan xac dinh cac tham sb k, T va n tir duong thuc nghiém
¥(f) do dugc tai dau ra sé co dang nhu sau:

1) Tim hing sé k theo k =2 |

Uo
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2) Ké duong tiép tuyén yr1(¢) v6i y(7) tai diém udn. Sau d6 xac dinh hai
tham s6 a 14 hoanh do giao diém cua duong tiép tuyén y#1(¢) v6i truc thoi
gian va b 1a khoang thoi gian dé duong tiép tuyén do di duoc tir 0 t6i

Y().

3) Laptysd %. Néu %< 0,103648, thi dimg thuat toan voi két luan rang
doi tugng phai dugec mo ta bang moé hinh (3.11). Ta cling dung thuat toan
khi %> 4,75.

4) Tim n bang cach tra bang 3.3 hodc nho ham n_adivb().

5) Tim T'tir n va b theo (3.36).

Mot phan thuét toan trén, cu thé 1a cac budc 3), 4), 5) nham xac dinh
tham sb n, T cho mo hinh PTn dd duoc cai dat thanh ham ptn() v6i 4 bién
hinh thtic a, b, n va T viét trén C cho dudi ddy dé tham khao. Hai gia tri dau
vao a, b 1a ndi dung cua a, b. Hai tham s6 dau ra n, T s& dugc ham cét trong
n va T. Gié tri tra vé cta ptn() 1a mot s nguyén. Néu ptn() tra vé gia tri 0
thi d6i twong mé ta dugc boi moé hinh PTn (3.12), 1 néu ddi tugng phai dugc
mo ta boi mo hinh PT, (3.11) va 2 néu ddi twong khong thé mé ta boi mo
hinh PTn va PT, . Chi khi gia tri ctia ham tra vé bang 0 thi két qua n, 7 ma
ham tinh dugc maéi céd y nghia.

int ptn(double a, double b, int &n, double &T)
{
double adivb=a/b;
int k,p=0;
if (adivb<0.103648) p=1;
else if (adivb>4.75) p=2;
else
{ n=n_adivb(adivb);
T=b*(double)(n-1)/exp(n-1);
for (k=2;k<n-1;k++) T=T*(n-1)/k;
}
return (p);
}
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Vi du 3: Gia st khi kich thich bang tin hiéu 1(¢) tai dau vao ctua mot ddi
tugng can nhan dang nguoi ta thu dugce ¢ dau ra dudng thuc nghiém A(7) cho
& hinh 3.21. Véi dudng thuc nghiém d6 thi k£ =3 va sau khi ké dudng tiép
tuyén tai diém uén ta c6 thém a =1,7 ; b =2,9.

Hinh 3.21: Ham qua do cta dbi
twong trong vi du 3.

177 29

Goi ham ptn(a,b,n,T) voi hai gia tri dau vao trén s& nhan duoc n=7, T=
0.4658. Vay mo hinh cua d6i tugng 1a
3
G(s)=—————— o
(s) (1 +0,4658s)’

3.1.5 Xac dinh tham s6 mé hinh Lead/Lag

Néu dudng thuc nghiém A(7) ciia mot dbi twong c6 dang gidng hinh 3.22

bén trai thi voi cac so kién:

— h(¢) khong xuét phat tir 0 va c6 dao ham tai 0 ciing khac khong nén theo
két luan 1 trong muc 3.1.1, bac cta tir s va bac cua mau sO cia mo
hinh tham s6 (3.1) phai bang nhau, tic 1a na=nb,

— khi t—00 ham A(?) tién tGi mot hfmg s6 k # 0 nén cling theo két luan 1,

mo hinh (3.1) phai thoa man k=20,

ao
— h(f) khong c6 dang luon song, ludn co xu hudng ting dan toi & nén theo
két luan 2 cac hang sb thoi gian cua da thic tir s6 va mau sb phai 1a
nhirng s6 thuc va phai thoa mén cac bat dang thuc (3.3),
ta c6 thé mo ta d6i twong mot cach tam dii bang mé hinh Lag (cét bét) nhu
sau
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Hinh 3.22 bén phai 1 biéu dd Bode cta (3.37). Tir biéu dd Bode d6 ta
thdy mo hinh (3.37) khong wu tién nhiing thanh phan tin hiéu c6 tan sé cao
khi di qua n6, chinh vi vdy ma md hinh (3.37) ¢6 tén la 1a m6 hinh Lag.

4 h(® 4 GG
h(o0) p=======-------=c-=22ccc- HHHE—

il
I T
h(0) R H l Gl

. L 1 . LU
t T! T, ! @

Hinh 3.22: Ham qua dd va biéu db Bode ctia mé hinh Lag (cat bét).

Tuong ty, trudng hop duong thuc nghiém A(f) ciia mot ddi tuong co dang
nhu hinh 3.23 bén trai, ta s€ ¢ cac so kién sau:

— vi h(f) khong xuat phat tir 0 va c6 dao ham tai 0 khac khong nén na =
nb,

— do v6i t—>o0 ham A(?) tién toi mot hing s6 k # 0 nén k=20 |
ao

— h(?) khong c6 dang lugn song, c6 mdt diém cuc dai tai /=0 sau d6 giam
dan t6i k nhung khong nho hon k nén theo két luan 3 cac hang sb thoi
gian cua da thirc tir sé va mau sb phai 1 nhitng sb thuc va phai ¢ mot
bat dang thuc trong (3.3) khong duoc thoa man.

T céc so kién néu trén ta c¢6 thé di dén nhan dinh rﬁng déi tugng s€ mod

ta dugc mot cach tam di bai mo hinh Lead (dan qua) nhu sau:

_ , 1+Tys
G(s) = kL, 7,51, (3.38)

m
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trong d6 tén goi Lead cua (3.38) dugc suy ra tir tinh chét 1a (3.38) s& uu tién
céc tin hiéu co tan s6 cao khi di qua n6 (xem biéu d6 Bode tuong ting trong
hinh 3.23 bén phai).

Van dé con lai 1a xac dinh cac tham sb &, Tt va Tm cho mé hinh.

A h(t) A |G(](U)|

h(0) T TTIImT T 1
[T 1
=

|

(o) ==-=-------c--mTem=====

Hinh 3.23: Ham qua dd va biéu d Bode clia md hinh Lead (dan qua).

Xac dinh tham s6 mé hinh Lag

Kich thich mét cach chu dong tai dau vao cua ddi tuong co thé mo ta béi
dugc md hinh Lag (3.37) bang tin hiéu u(f)=uo1 () ta s& thu duoc ¢ dau ra tin
hiéu y(¢) c6 dang cho trong hinh 3.24.

4 Y
() = uok

Hinh 3.24: Xac dinh tham sb B s
cho mé hinh Lag (c4t W0)=ug T

bat). m R

Nhiém vu by gid 1a phai xac dinh cac tham s6 k, Tt va Tm cho md hinh
tir duong thuc nghiém y(¢) thu duoc d6. Trong khi tham sé k xac dinh ngay
duoc boi

k=" 1im y=2*= (3.39)

(
Uy tow Uup
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tirc 1a bang ty s6 clia gia tri y(c0) va uo thi viéc xac dinh hai tham sé Tt , Tm

con lai 6 phan phuc tap hon.
Trude hét ta co

k(1 +Tys)

=%0 =
(5) =22 6o =uy 2T (3.40)
cho nén
— _ kT
¥(0) = lim sY(s) = uq T—t (3.41)

Ké tiép duong tiép tuyén yer(f) v6i y(f) tai diém =0 va goi tger 1a hé sd
goc ctia dudng tiép tuyén do thi (hinh 3.24)

—dy(©0) _ ..
tga 7 lim sY (s)

trong d6 ¥(s) 1a ky hiéu chi anh Laplace cia % Véi (3.40), (3.41) va
cong thirc bién d6i (3.2¢) ta duoc

Y(s) = s¥(s) — »(0) = UO[% _%]

Suy ra
uok — LLO ﬁ
Ty _ y(»)-y(0)
T

t =
ga T

m m

Do d6 Tm chinh 1a hoanh d6 cia giao diém giita duong tiép tuyén yre(f) voi
duong tiém can y(co). Tir Tm ta cling c6 luén 77 nho (3.41) nhu sau

7t =0T (3.42)

uok

Ta di dén thuat toan thtr nhat:

a) Ké duong tiém can y(o0) voi y(f) tai £=o0 1di xac dinh & theo (3.39).

b) Ké duong tiép tuyén yre(f) véi y(f) tai =0, sau d6 xac dinh Tm la
hoanh d§ cua giao diém gilra duong ti€p tuyeén y##(¢) voi dudng ti€ém
can y().

¢) Xac dinh 7t theo (3.42).
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Thuat toan trén vudng lai vin dé da duoc dé cap khi nhan dang tham s6 T
cho mé hinh PT; ¢ myc 3.1.2 1a diém y(0) noi bat dau dat duong tiép tuyén
nam kha xa duong tiém can (o). Didu nay dan t6i nguy co két qua sé bi sai
s6 kha 16n khi ma chi cin c6 mot sai 1éch nho trong viéc dung duong tiép
tuyén.

Pé tranh nguy co nay ngudi ta s& khong dung duong tiép tuyén tai y(0)
nita ma thay vao do6 1a tai mot diém khac nam twong d6i gan hon so véi

dudng tiém cén y(), chéng han diém 4 c6 toa do [ZJ nhu hinh 3.25 mo ta.

A

W)
b -

Hinh 3.25: Xac dinh tham sb Tm c6 sai s
nhd cho mé hinh Lag (cét bét). »(0)

DPuong tiép tuyén ndy s& c6 phuong trinh
yit(t) = tgo (t—a)+b (3.43)
Pé xac dinh hé sd goc tga ta di tir anh Laplace Y(s) ctia y(f) theo cong
thirc (3.40) va sau khi chuyén nguoc sang mién thoi gian sé co

t

WO =ugk - Tt e T
Tm
= tga=ia) =uk T’"T; Ti g Tn (3.44)

Goi B 1a giao diém cua tiép tuyén yre(f) voi duong tiém can y(co) va T, 1a
hoanh do cua B thi
Vi(T,) = tga( To—a)+b = y() = kuy
do do6 cung véi (3.43), (3.44) dugc
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I q=¥®)-y@_ T3 T =T 50 | = 7y

tga

uok - uok(l -
-— m

uok(T,, —T,)e m

Vay Tm chinh 14 khoang thoi gian can thiét dé yr(¢) di duoc tir diém 4 toi
diém B. Ta c6 duoc thuat toan thit hai:

1) Ké duong tiém can y(c0) véi y(7) tai t=c0 rdi xac dinh & theo (3.39).

2) LAy mot diém A4 bét ky trén y(7) va ké duong tiép tuyén yrt(f) voi y(7) tai
A, sau d6 xéac dinh B 1a giao diém giita duong tiép tuyén y#1(r) v6i dudong
tiém can y(o0).

3) Chiéu doan AB 1én tryc thoi gian (truc hoanh) dé co Trm.

4) Xac dinh Tt tir Tm va k theo (3.42).

Xic dinh tham s6 md hinh Lead

V& co ban, viée xac dinh cac tham s &, 77 va Tm cho md hinh Lead cling
gidng nhu cho md hinh Lag. Diém khéc biét duy nhat 1a dudng thuc nghiém
y(f) cia md hinh Lead ludn nam phia trén dudng tiém can y(c0) nén phai co
Tt > Tm (hinh 3.26).

Thuat todn tim &, 7t va Tm tr duong thuc nghi¢m y(¢) c6 dang nhu sau:

1) Xac dinh diém (0).

2) Dung duong tiém can y(o0) cua y(¢) va tinh £ Zithm y(;:)zM
Ug t>w Ug
3) Ké duong tiép tuyén yer(r) v6i y(¢) tai mot diém A bat ky trén y(¢), sau do
xéc dinh giao diém B cua yt(f) v6i dudng tiém cén (o). Thong thuong
diém 4 dugc chon 13 diém khong nam qué xa dudng tiém cin y(oo).

4) Tinh Tm 14 hinh chiéu cia doan AB 1én tryc hoanh.

5) Tinh 7t =29Tn 4 (0
uok 0 th
»(0) =ug ﬁ
W) = upk |
Hinh 3.26: Xac dinh tham sé cho 119

mo hinh Lead (dn qua). Tor >



3.1.6 Xic dinh tham s6 mé hinh d6i twong dao dong bic hai tit din

Xét mot d6i tuong tuyén tinh can phai nhan dang ma khi kich thich chu
dong tai dau vao bang ham u()=1(f) ta thu duoc ¢ dau ra dudng thuc
nghiém ctia ham qua do A(f) c6 dang gidng nhu trong hinh 3.27.

Hinh 3.27: Ham qua dd cta déi twong dao 11
doéng bac hai. ¢

Puong thyc nghiém nay c6 nhing dic diém sau:

— Ham h(f) xuat phat tir diém 0 va c6 dao ham tai 0 bang 0. Theo két luan
1 da néu trong muc 3.1.1 thi mé6 hinh (3.1) cta n6 phai c6 na— nb >1.

— Khi t—o0 thi A(f) tién t6i mot hang sb A, . Cling theo két luan 1 thi mo
hinh tham s6 (3.1) ctia n6 ¢6 ag # 0.

— Ham A(f) ¢6 v6 s6 diém cyc tri phan b xen k&, cach déu nhau, trong d6
cac diém cuc dai 16n hon A, con cac gia tri cuc tiéu thi nho hon /. .
Theo két luan 5, md hinh tham sb (3.1) phai c6 nhiing diém cuc 1a s6

phuec lién hop.
Vi nhitng két luan nhu vdy, ta hoan toan c6 thé mo ta dbi tuong bang
md hinh
2
G(s)=—"_ trongd6 0<D<I (3.45)

s?+ 2qDs +q
Ttr m6 hinh nay ta c6 dugc ngay:

hoo = lim () = lim G(s) = k (3.46)

boi vay van d€ con lai phai lam chi 1a xac dinh n6t D va q.
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Goi s va s, 1a hai diém cyc cua mo hinh (3.45), ta co

S12=-Dg+ jqV1-D?

Suy ra

—Dqt
h(t) Zk{l— ¢ > sin(qxll—D2 t+arcos D)

1-D

va

—Dgqt
dh(®) _ 2L sin(q\j 1-D? t)

dt N/1 _D?
Giai phuong trinh %: 0 dé tim cac diém cuc tri (ké ca tai diém =0)
duoc:

Ti=— Y i=0,1,....

qx}l—D2 ’

4 h(l)

hmax
[Ah D6 qua diéu chinh

k=hoy f-f-a--

Hinh 3.28: Xac dinh tham s& md hinh dao
ddng bac hai tr ham qua dé.

no T
Do d6
hmax=h(T)) =k l_Sin(ﬂ+arcosD) —aD
( 1) { \/1_1)2 exp| N/l_Dz
=k{1+exp[ _”iz H (3.48)
1-

Trir (3.48) cho (3.46) ta s& co d6 qua diéu chinh (hinh 3.28):
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Ah = hmax — he, :kexp[ —D ] (3.49)

V1-D?

Néu chia (3.49) cho (3.46) theo timg vé duoc:

Ah —7D 1
A1) — oxp o DpD=— 1 (3.50)
‘ k [ /1—D2] . 72

hlzﬁ

va d6 chinh 1a cong thirc cho phép xac dinh tham sé D tir duong thuc
nghiém A(%).

Tham s6 ¢ con lai s& dugc xac dinh tir D voi su tro gitp cua 7 theo
(3.47) nhu sau:

T=—2= o g=—ZX (3.51)
qV1-D? T)V1-D?

Ba cong thuc (3.36), (3.50) va (3.51) dat co so cho viéc xac dinh céac
tham sb k, D, ¢ cua mé hinh (3.45) tir duong thuc nghiém A(7). Néu nhu
rang vi mot Iy do nao do ta khong co duge ham qua do 4(f) ma chi co dap
g 1(7) khi d6i tuong duoc kich thich boi u(f)= uol(f) thi do @i tuong la
tuyén tinh, nhitng cong thirc trén s& c6 mot sira doi nho lai thanh (phan

chung minh danh cho bai tap):

Voo = lim y(¢) = kuyg (3.523)
t—o

D= , trong do Ay = ymax — y. (3.52b)

z (3.53¢)

q:
TN1-D?

Téng két lai, ta di dén thuat toan:
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1) Ké duong tiém cin v6i y(7) tai /=0 rdi x4c dinh k theo (3.52a), ttc 14 k
=Yo
Uo
2) Xac dinh ymax va T 1a toa d cua diém cuc dai dau tién cta duong (7).
3) Tinh D theo (3.52b), trong d6 Ay = ymax — y
4) Tinh g tu 77 va D theo (3.53c¢).

Cac budc tinh toan bao gdm tinh k, D va ¢ tit v, , ymax va T, cta thuat
toan da duoc cai dit thanh chuong trinh con pte(yviét trén C cho dudi day
dé tham khao. Chuong trinh pte() ¢ 7 bién hinh thic, trong d6 u0, yp, ym,
T1 chira cac so kién dau vao ug, Vo, ymax , Ty con k, D, q chtra két qua tinh
duoc la cac tham s6 mod hinh £, D, q.

void ptc( double u0,double yp,double ym,double T1,
double &Kk,double &D,double &q)

{
k=yp/u0;
D=1./sqrt(1.+(pow(M_PIL,2.)/pow(log(fabs(ym-yp)/yp),2.)));
q=M_PI/(T1*sqrt(1.-D*D));

}

Vi du: Gia sir rang khi kich thich mét ddi twong bang tin hidu u(H)=1(r) &
dau vao ta thu duogc tai dau ra duong thuc nghiém cho trong hinh 3.29. Tir
duong thyc nghiém dé ta doc ra dugc:

Voo =2,2 ymax =3,5 T1=2,6

4 ()
4.

ym=ymax =3.5
2

YP =y =22 f -t~ N

Hinh 3.29: Vi du minh hoa thuat toan xac
dinh tham s6 mé hinh dao dong bac
hai. t

1} 2 4 |5} g 10 12 14 16 18 2|ZI'
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Goi chuong trinh pte() voi cac gia tri
double u0=1.,yp=2.2,ym=3.5,T1=2.6,k,D,q;
pte(ul,yp,ym,T1,k,D,q);

s& thu dugc két qua

k=22 D =0,165161 q=1,22513

3.2 Xic dinh tham s6 mé hinh tir nhirng gia tri G(jnQ;) da c6

Nhiing phuong phép xac dinh mé hinh tham s tir dap Gmg dau ra y(7) clia
ddi tuong tuyén tinh cin nhan dang khi ddi tuong duoc kich thich béi tin
hiéu dau vao u(f)= uo1(?) da dugc trinh bay trong muyc 3.1 ¢6 vu diém 14 chi
can tir dang duong thuc nghiém y(f) nguoi ta da c6 thé khoanh vung 16p céac
mo hinh thich hop cho ddi tugng, nhung lai c6 mot nhugce diém chinh han
ché ung dung téng quat 13 viéc xac dinh tham s6 cho mé hinh thudc 16p cac
md hinh d6 phu thudc kha nhiéu vao dang 16p cac mé hinh cuy thé va khong
téng quat hoa dugc cho mot 16p mé hinh cé cau truc bat ky (bac mo hinh 1a
cho trudc). Chinh vi vay, cac phuong phap d6 chi ¢ thé dugc goi gon trong
pham vi str dung v6i nhitng mé hinh don gian (bdc mé hinh thap) thudc mot
trong 7 lop:

1) Lép cac md hinh PT;

2) Lép cac mo hinh IT,

3) Lép cac mod hinh ITn

4) Lép cac mo hinh PT,

5) Lo&p cdc mo hinh PTn

6) Lop cac mo hinh Lead/Lag

7) Lé&p cac mo hinh khau dao dong béc hai tit dan.

Pé bu dip duoc han ché trén, muc niy s& gidi thiéu thém cac phuong
phap xac dinh tham sb by, by, ... 3By, » @05 A1 5 ... ya, , Cho MO hinh thude
lop
by +bys -+ +by, 5"

G(s) =2

UGs)  ag+ays+--+a, s"

, na=nb (3.54)
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tor cac gia tri {G(jn€2,)}, n=0,1, ... , 2M cua G(s) duoc gia thiét 1a d3 co,
chang han nhu nho thuat toan nhan dang bi dong bang phan tich phd va ham
nonpar() di giéi thiéu & chuwong 2. Cac phuong phap ndy ciing can thém gia
thiét nita 13 bac cia mo hinh na, nb da biét truéc (md hinh c6 ciu trac).
Do céac phuong phap nhéan dang by, b1, ... ,b,,, a0, a1, ... ,a,, CO S
dung phuong phap tinh Cholesky giai hé phuong trinh tuyén tinh phirc
€11 G2 v Cin x ky
1 G G =l 6 cif, ki eC (3.55)

Xn kn

Cnl1 Cn2 7 Cnn
nén dé tién cho viéc theo ddi, thuat toan Cholesky s€ dugc gidi thiéu trude

khi di vao cu thé cac phuong phép nhan dang tham s6 bo, b,y ..., by, » A0 5 A1

s e sy -

3.2.1 Thuat toan Cholesky

Néu su dung cac ky hi¢u

€11 Ci2  Cip A

c C “ee c xl 1
c=|on e el =l k|
xn kn

Cn1 Cn2 " Cnn
phuong trinh (3.55) vé6i cac hé sb phic cij , ki, i, j =1, ..., n viét duogc
thanh
Cx=k (3.56)

trong d6 nghiém x ciling 13 vector gdm céac phan tir phirc.

Viéc giai phuong trinh trén khong thé dugc thyc hién don gian 1a tinh ma
tran nghich dao C 1 dé duara nghiém x= C “'k vi nhu 1am nhu vay, ) lugng
cac phép tinh phai thyc hién la rat nhiéu kéo theo sai s 16n, dic biét sai sd
tinh toan s& cang 16n khi ma tran C tuy khong suy bién nhung c6 dinh thirc
tuong d6i nho. Boi vay dé giai phuong trinh (3.56) nguoi ta can phai co
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nhitng thuét toan thich hgp va mot trong nhiing thuat toan dé 1a thuat toan
cua Cholesky.

Diéu kién dé ap dung dugc thuat toan Cholesky 1a can phai co gia thiét
rang ma tran C xéac dinh duong va d6i xtimg Hermitian, tirc 1a

xHCx >0, xHCx =0 khivachikhi x=0,

CH=C,
trong d6 ky hiéu mil H chi phép tinh chuyén vi va 1iy cac phan tir lién hop
cia mot ma tran (hay vector). Gia thiét trén, nhu sau ndy chi rd, hoan toan
phu hop v6i bai toan nhin dang tham s6 mé hinh cua ta.

Tu tuong chinh cua thuat toan Cholesky la phan tich ma tran C thanh tich
C=DDH véi D 1a ma trin ma céc phan tir phia trén dudng chéo chinh dong
nhat bang 0

d; 0 - 0

pD=|%1 de

,tucla dij=0 khii<j
dnl dn2 dnn
Vi¢c phan tich C thanh C=DDH luén thuc hién dugc néu C xac dinh
duong va thoa man CH= C.
Néu C da dugc phan tich thanh C=DDH thi coéng viéc giai hé phuong
trinh (3.56) s& khong cin dén ma tran nghich ddo C' nita ma tr& nén don
gian hon nhiéu bang viéc giai hai hé phuong trinh tuyén tinh:

d; 0 -« 0 .
d d 0 Y1 1

Dy=k < e { : J[ : } (3.57a)
dnl dn2 dnn In kn

va

6711 C221 : gnl x; ¥

DHx=y < |0 @2 = du [J—[} (3.57b)
. ' T o= Xn Yn
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trong d6 d;;1a ky hiéu chi s& phure lién hop cua dij .

Nhu da noi, viéc tim nghiém hai phuong trinh trén khong can phai thong
qua ma tran nghich dao D™'. That vay dé giai phuong trinh (3.57a) ta chi
can tién hanh cac budc sau:

1) Xéc dinh y, =j_1

11

\ .. , . -1
2) Lan luogt véii=2, ..., n tinh yi =%[ki - Zldifyl}
2

va dé giai phuong trinh (3.57b) ta thuc hién (phan chirmg minh danh cho bai
tap):

1) Xac dinh xn=2n

nn

2) Thuec hién lan luot cho j =n—1, ..., 1 cong thic xj=%{y]~ - icl?yxlj
Ji i=j+

Piéu ban khoan rr:ing hai thuat toan trén c6 thyc hién dugc khong, tic la
thue su cac phan tir dii trén dudng chéo chinh cia D c¢6 khac 0 hay khéng,
s& dugce tra 101 v6i tinh chét xac dinh duong cua C nhu sau:
Pinh 1y 3.1: Néu ma tran C v&i cac phan tir cij 1a nhitng sb phuc c6 tinh xac

dinh duong thi

a) C khong suy bién.

b) Céc phan tir trén duong chéo chinh cii 1a nhimg sé thuc duong.
Chitng minh: a) Tinh khong suy bién cia C dugc suy ra tir dinh nghia vé

tinh xac dinh duong, vi néu C suy bién thi ton tai x#0 dé c6 Cx=0 va do dé
xHCx=0.

Vé b) ta chi can thay x=ei vao cong thirc xH Cx > 0 khi x#0, trong do ei la
vector don vi c6 phan tir thtr i bang 1 con cac phan tir khic bang 0, s& dugc

efCe, >0 = ¢ii>0 (d.p.c.m).
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Vi dinh Iy 3.1 va quan hé C= DDH thi D cling phai 1a ma tran khong
suy bién, tirc 1a det D= 0. Nhung do det D =ﬁdii nén phai co6 dii # 0 voi
i=1
moi i va d6 chinh 1a diéu kién dé thuét toan giai phwong trinh (3.57) thuc
hién duoc.

Bay gio ta sé xac dinh cong thirc thyc hién phan tich C=DDH. Tu

d, 0 - 0 gu Cim (an €11 €13 - €1
doy dyg -+ 0 0 dyy -+ dpa|_|Co1 Caz - Cop
dnl dn2 dnn 0 0 gnn Chl Cn2 ° Cpp
co
. n _ min(i, j) _
Cy = 2digdjg= 2 digdjg (3.58)
q=1 g=1
Suy ra

oL = d 2
cjj = zdjqdjq =2 |djq|
qg=1 g=1
Cong thirc nay khang dinh lai mot lan nita rang cac phan tir trén dudng chéo
chinh ¢jj ctia C 1a nhimg s6 thuc duong. Dé don gian ta s& tim ma tran D ¢
cac phan tir trén duong chéo chinh ciing 1a cac sb thuc duong, khi d6 thi

g il
cjj =d% + zl|djq|2. (3.59)
e

Mubdn tim nhiing phan tir dij voi i>/ con lai ta di tir (3.58). Do co gia
thiét i>j nén (3.58) tr¢ thanh

g i1
Clj = Ydigd g =dyd i+ 3 diyd
q=1 q=1

.. Vi
= dU :i[cu - zldiqdjq} (3'60)
q=

va d6 chinh la cong thic xac dinh dij khi i>;.

Dua vao (3.59), (3.60) ta co6 thuat toan tim D: Thyuc hién voij =1,2, ...,
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a) Tinh djj theo (3.59).

b) Tinh lan lugt cac gia trj dij c6 i =j+1, ... , n theo cong thirc (3.60).

Néu ghép chung thuat toan tim D vira phat biéu v6i hai thuat toan giai hé
phuong trinh (3.57a) va (3.57b) ta s& di dén thuat toan Cholesky goém cac
budc tinh sau:

1) Phan tich C thanh DDH, tirc 1a tim dij véi i>/, bang cach thuc hién lan

luogt cac budce sau véoij=1,2, ..., n:

a) Tinhdjj = |c;; - Z_:|djq|
1
b) Lan lugt voi i =j+1, ..., n tinh dij =—— [ N, Jq]
djj q=1
2) Lan luot véii=1, ..., ntinh yi = [ Zdyy]}

3) Lanlugtvéij=n, ..., 1 tinhxj=%(yj—' zaijxi]
Jj i=j+1

Thuat toan vira trinh bay trén da duogc cai dat thanh ham cholesky() viét

trén C cho dudi day dé tham khao. Ham nay c¢6 3 bién hinh thirc:

a) S6 nguyén n chtra bac ctia ma tran C, tirc 1a chira s6 cac phuong trinh
1a n.

b) Con tré ¢ chi dau mang s6 phirc e[| chira gia tri cdc phan tor cij cia
ma tran C. Do ma tran C da dugc gia thiét 1a ddi xtng Hermitian
(C=CH) nén ham ciing chi cin cac gia trj cij c¢6 i > j 1a du. Nhitng
phan tir nay 13 cac gia tri diu vao cta ham cholesky() va phai dugc
dua vao mang c[] theo thir ty nhu sau:

c c[0]

1 cl1] cl[2]

21 22 dua vao Do

S n(n-1) n(n+1)
Cn1 Cn2 " Cnn c|: 2 :| c|: 2 _1:|

n6i cach khac, phan tir cij phai duoc dua vao c[p] voi p=

iG-1) .
214,
B J
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Sau khi ham thyc hién xong, mang s& chita cic phan tir dij ctia D
cling theo ding thir ty nhu trén.
¢) Con tré k chi ddu mang s phuc K[| chira cac gia tri dau vao ki, i=1,
.., n theo thtr tu ki nam trong k[i-1]. Khi ham cholesky() thuc hi¢n
xong, mang nay s& chira két qua xi, i=1, ... , n cling theo dung thir tu
do.
Ham tra vé gia tri 0 néu qué trinh thuc hién khong co 16i (ma tran C xéc
dinh dwong) hodc 1a mot gia tri i khac 0 thong bao C c6 phan tir cii < 0.

int cholesky(int n,complex *c,complex *Kk)
{
int i,j,q,p,1;
double s;
for(j=1;j<=n;j++)
{ p=(*(-1-2)/2;
s= real(c[ptj]);
for(q=1;q<j;q++)

s -= pow(real(c[p+q]),2)+pow(imag(c[p+q]),2);
if(s<=0.) return(j); else s=sqrt(s);
c¢[ptj]=complex(s);
for(i=j+1;i<=n;i++)

{ 1=(*@-1)-2)/2;
for(q=1;q<j;q++) c[l+j]-= c[l+q]*conj(c[p+q]);
c[l+jl=c[l+jl/s;

}

}

for(i=1;i<=n;i++)

{ p=@*@-1)-2)/2;
for(j=1;j<i;j++) k[i-1]-= c[p+j]*Kk[j-1];
kli-1]=Kk[i-1]/c[p+i];

}

for(j=n;j>0;j--)

{ for(i=j+1;i<=n;i++)

{ p=@*@-1)-2)/2;

K[j-1]-= conj(c[p+j]D)*K[i-1];

}

k[j-11=Kk[j-1)/c[(*(j+1)-2)/2];
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}

return(0);

}

Vi du: Goi ham trén véi cac gia tri dau vao n=3,

c[0] 36 k[0]) (102-30j
c[l] c[2] =|24+6j 42 va |k[1]|=|153-18j
c[3] c[4] c[5] 6+6j 15+8;5 16 k[2] 84 +22j

s& thu dugc két qua
1
2. o
3

cl0] 6 k[0]
c[1l] c[2] =|l4+j 5 va k[1]|=
c[3] cl4] c[5]1) (1+j 2+j 3 k[2]
3.2.2 Nhan dang tham s6 md hinh

Sau khi d4 c6 ham cholesky() giai phuong trinh tuyén tinh phtc, ta quay

lai bai toan nhan dang tham s6 md hinh (3.54).
Gia st rang bang cach nao d6, chang han nhu thong qua nhan dang mo
hinh khong tham s nho phan tich phd tin hiéu v6i ham nonpar() di trinh

27 .
P n=0,1, ...,
a

bay ¢ chuong 2, ta da c6 day céc gia tri {G(jnQ,)}, Q=

2M cia ham truyén dat G(s) tir ddy céac gia tri tin hiéu do dugc {uk}, {vk}
v6i chu ky 14y mau Ta cua tin hiu vao ra u(f), y(f), trong d6 A 13 sé nguyén

lily thra 2 nhé nhé4t nhung khéng nhé hon 2N-1, N=Tl, T 1a khoéang thoi

gian quan sat (do) tin hiéu [0, 7) va M 1a chi s Lag. Nhiém vu dit ra bay
gio 1a xac dinh céc tham s6 by, by, ... sby, s A0 A1 5 ... ,a, cho MO hinh
(3.54) tur cac gia tri G(jnQ2;) da co nay.

Néu nhu tir théng tin A—priori ngudi ta khong nhiing biét dugc déi tugng
1a tuyén tinh ciing nhu bac ciia mé hinh na , nb ma con biét thém rang ddi
tuong khong co thanh phan tich phan nbi tiép, vi du nhu ham qua do A(f)
khong tién dén oo khi t—>o0, thi do a¢=0 md hinh (3.54) hoan toan co thé
duogc thay thé boi dang twong duong
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by +bys -+ +by, 5"

GM(s) =

, (na=nb). (3.61)

l+ajs+-+a, s
V6i (3.61) va G(jnQ;), n=0,1, ... , 2M thi khi thay s boi jnQY; vao vé phai
ctia (3.61) con vé trai 1a nhiing gia tri G(inQ;) da co, s& duoc:

bO +b1(anﬂ)+"'+bnb(anﬂ)nb

G(inQ,) ~ (3.62)
L+ay (jnQy)+-+a, (jnQ;)"
= en= G(nQ,)- %bi(jnﬁi)i—G(anl)niai(anl)i #0 (3.63)

i=0 i=1

Ly do cho viéc ddu = ¢ (3.61) dugc thay boi diu ~ trong (3.62) va do d6
en#0 1a vé trai ctia (3.62) chi 1a nhiing gia tri G(jn€2;) nhan dang dugc ma
c6 nén khong phai 1a gia tri ding thuc su ctia ham truyén dat.

T (3.63) ta thay b tham s6 bo, by, ... ,b,,, a1, ... ,a,, tOt nhat s& 12 bd

ma v&i nd tong binh phuong céc sai 1éch en co gia tri nho nhat:

M, .
O =73le,|” —> min!. (3.64)
n=0
Néu st dung ky hiéu
bo
€o G(0) :
P I P O R
: - : —aq
e G(MQ,) :
~a,,
1 0 0 0 0
va U= 1 (Jf:)/l) (J'Q?)nb (le)C:;(jQﬂ) (jQA)n“:G(J'Qz)

1 (MQ,) - (GMQ)" (MQ)GGMQ,) - (JMQ,)" G(MQ,)

(3.65)
thi cong thic (3.63), (3.64) cho tit ca n=0.1, ... , 1 =2M s& viét duoc thanh

=g—Ux

I

QO =eHe — min!.
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Suy ra

O=g"g-g"Ux-x"U" g+x"U"Ux

gl g-g"vwhu)y vt g+ U g-v U U UM g-UHUx)

Q

Vi chi ¢ thanh phan thir 3 14 @ chira vector cic tham sé x phai tim nén O
nho nhét khi va chi khi

Q=U"g-vHun" U)W g-U"Ux) — min!.
Hon nita theo (3.65) ma tran U ¢6 M +1 hang na+nb+1 cot. Nhung do & bai
toan nhan dang thuong c¢6 M > natnb nén na+nb+1 vector cot 1la doc lap
tuyén tinh, tirc 13 U c¢6 hang na+nb+1, din dén UHU khong suy bién. Khi
UHU khong suy bién, no s& xac dinh duong, kéo theo WHU) cling 1a mot
ma trn xac dinh duong (phan chirng minh danh cho bai tap). Boi vay gia tri
nho nhét cta @ chi ¢6 thé 12 0 véi

UMg-U"Ux =0 < UMUux=U"g (3.66)
va d6 chinh 13 cong thirc x4c dinh bd tham sé x cho mé hinh (3.61).

So sanh (3.66) véi (3.56) ta thdy ching hoan toan gidng nhau, trong d6
C=UHU va k=ulg (3.67)

nén (3.66) co6 thé duoc giai truc tiép nho ham cholesky() viét trén ngdn ngit
1ap trinh C da gidi thiéu tai muc trude.

Goi cac phan tir cia C 1a cik, i, k=1, ... , na+nb+1, cta U 1a ugk, g= 1,

e, M+1, k=1, ... ,natnb+1 vacuaklaki,i=1, ..., natnb+1 thitr (3.67)
co
ugh= [@-D, ' khi 1<k<n,+1 (3.68)
[i(@-1Q, " 'G(ji(g-1)Q;) khi ny+l<k<ng+ny+1
Zl7l+1
cik = Y u ug, (3.69)
g=1
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M+1

ki =3 u,G(j(g-1Q;). (3.70)
q=1
Thay (3.68) vao (3.69) duoc
Cl11 — ]\Nl‘l‘l

74 4
DFY (g% khi 1<k<i<n+1
g=1
74 .
cik ={(-1DFY (—jg, ™ G(jgQ,) khi 1<k<ny+1<i (3.71)
g=1

M 4
DFL Y (<@, R |G g0 l)|2 khi ny+l<k<i
q=1

va (3.68) vao (3.70) ¢6

T
Y (jgQ,) 'G(jgQ,;)  khi 1<i<ny+1

ki=41> (3.72)
> (g ™ |GGaQ ) khi  omy+1<i
q=1

Hai cong thure (3.71), (3.72) cing nhu ham nonpar() da cho ¢ muc 2.3.1
(chuong?2) dat co sé cho viéc xay dung thuat toan tim bg tham so toi wu by,
b, ... ,by, a1, ... ,a, cho md hinh (3.61) truc tiép tor day céc gia tri tin
hiéu {uk}, {vk}, k=1, ... , N-1 do du’gc trong khoang thoi gian quan sat [0,
NTa), trong d6 Ta la thoi gian trich mau.

Thuat toan nay c6 dang nhu sau:

1) Goi ham nonpar() v6i du vao {uk}, {yk}, k=1, ..., N-1 dé c6 G(jnQ),),

n=0,1, ..., 3, trong d6 M=2M, M 1a chi s6 Lag (muc 2.2.1), Q,;= f,;f

a

va

A 14 s6 nguyén lity thira 2 nho nhat nhung khong nho hon 2N-1.

2) Xac dinh ma train C = UHU va vector k=U# g béng cach thuc hién lan
luwot voi =1, ... , natnb+1 cac budc sau:
a) Khik=i, ..., natnb+1, tinh cik theo (3.71).
b) Tinh ki theo (3.72).
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3) Goi ham cholesky() véi cac tham sé dau vao da co & bude 2) dé xéac

dinh x chtra b¢ tham s0 by, b1, ... ,b,,, a1, ... ,a, t0i uu.

>¥ng

Thuat toan trén da dugc cai dat thanh ham par() cho dudi day dé tham

khao. Ham par() c6 cac bién hinh thue:

a) Con tré u chi ddu mang sb thuc u[] chira day {uk}, k=1, ..., N-1.

b) Con trd y chi dau mang s thuc y[] chira day {yk}, k=1, ..., N-1.

¢) Sb thirc Ta chira thoi gian trich mau 7a.

d) S6 nguyén N chira do dai hai ddy {uk}, {yk}, tirc 12 chira N.

e) SO nguyén M chira chi sé Lag, tirc 1a do dai can phai c6 ctia day gia tri
ham twong quan {7, (nT,) }, ddng thoi ciing xac dinh do dai =M
ctia day két qua {G(jnQ,)} clia ham nonpar() 1a i7+1, tirc 1a n=0,1,

z

,...,]\ZIV('riQ,1=fT

a

, trong d6 A 12 mot sé nguyén lily thira cia 2

nh¢ nhit nhung khong nho hon 2N-1.

f) S6 nguyén bias xac dinh gia tri ham twong quan s& duoc tinh theo
cong thurc bias (bias=1) hay unbias (bias#1).

g) S6 nguyén w xac dinh chi s6 0<i<7 cta ham cira s6 s& duoc sir dung
nham 1am giam sai s6 ro ri khi st dung k¥ thuat DFT. Néu noi dung
ciia w 1a mot s6 ngoai khoang [0,7] thi ham s& st dung ham cira sb
wo(2).

h) Sb nguyén na xac dinh bac da thirc mau sé cia mé hinh (3.61).

i) S nguyén nb xéc dinh bac da thirc tir s6 cia mé hinh (3.61).

j) Con tré x chi ddu mang sb phirc x[] c6 d6 dai na+nb+1 chira két qua
theo thir tu x[0]= by, ..., X[nb]=b,, , Xx[nb+1]= —qa,, ..., X|[nb+na]=

ng o

—ap, -

Ham s& tra vé gia tri bao 16i =2 néu na<nb , —1 khi M>N hoac i > 0 thong

bédo UHU suy bién voi phan tir thir i7 khong phai 1a s6 duong. Trong trudng
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hop khong c6 16i, ham tra vé gid tri 0. Him khong lam thay doi noi dung hai
mang u[] va y[].

int par(double *u,double *y,double Ta,int N,int M,int bias,
int w,int na,int nb,complex *x)
{ intik,m=na+nb+1,q,L,ik,Q=2*M;
double om,*s;
if(nb>na) return(-2);
complex ci,*G,*c,im=complex(1.);
G=new complex[Q+1];
c=new complex|m*(m+1)/2+1];
s=new double[Q];
if((L=nonpar(u,y,Ta,N,M,bias,w,G))>0)
{ c[0]=complex(Q+1);
x[0]=G[0];
om=(2.*M_PI)/(Ta*L);
for(i=0;i<Q;i++)
{ slil=1;
x[0]=x[0]+G]i+1];
}
for(ik=1;ik<=2*na;ik++)
{ for(q=0;q<Q;q++) s[ql=s[q]*om*(q+1);
im=im*complex(0.,-1);
if(ik<=nb)
{ x|ik]=complex(0.);
for(q=0;9<Q;q++) x[ik]+=im*G[q+1]*s[q];
J
if(ik<=na)
{ x[nb+ik]=complex(0.);
for(q=0;9<Q;q++) x[nb+ik]+=im*s[q]*pow(abs(G[q+1]),2.);
}
for(i=1;i<=na+nb+1;i++)
for(k=1;k<=i;k++)
{ if(i<=nb+1) L=i+k-2;
else L=(k<=nb+1)? i-nb+k-2:i-2*nb+k-2;
if(L!=ik) continue;
L=k%?2;
ci=complex(0.);
if(i<=nb+1) for(q=0;q<Q;q++) ci += im*s[q];
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else if(k<=nb+1)
for(q=0;q<Q;q++) ci += im*conj(G[q+1])*s[q];
else
{ for(q=0;q<Q;q++) ci+t=im*s[q]*pow(abs(G[q+1]),2.);
L=(k-nb)%?2
}
c[i*(i-1)/2-1+k]=(L==0)? —ci : ci;

}
}
L=cholesky(na+nb+1,c,x);

}
delete [] G;

return (L);
}
Chu y: Thuat toan trén cling nhu ham par() chi sir dung dwoc khi dbi tugng
khong co6 thanh phan tich phén I, tirc 1 lim A(z) <co.

t—o

delete [] c; delete [] s;

Vi du: Cho mot dbi twong tuyén tinh ¢6 mo hinh

GM(s) =—2

l+a;s+ags

trong do

bo=2,5,a,=1,6.10" va a, =5,5.10"".
Déi tugng lam viée tin hidu vao u(f) 1 ngiu nhién egodic c6 dai tan sd 16n.
Do 2048 gid tri tin hiéu vao u(f) va ra y(f) cua dbi twong véi tan sb trich mau
Ta=Ta=10""s dugc day {uk}, {yk}, k=1,2, ..., 2047.

St dung ham par() voi ham cta s6 Hanning (w=w=3), na=na=2,

nb=nb=0, N=N=2048, bias=1 cho cac gia tri M=M khéac nhau ta s€ c6

nhimg két qua sau:

Lag M bo=2,5 a1=1,6.10" | a=5,5.10"
195 || 2.39445¢+00 | 1.46897¢—03 | 5.43231e—07
225 | 2.41471e+00 | 1.51376e—03 | 5.54454e—07
300 | 2.42715¢+00 | 1.53705¢e—03 | 5.50963¢—07
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350 2.42666e+00 | 1.50772¢-03 | 5.43697¢-07
365 2.44589¢+00 | 1.51191e-03 | 5.50411e—07
390 2.34944¢+00 | 1.45696¢—03 | 5.22151e-07

Khi ddi tugng c6 chta thanh phan tich phan I thi khong mat tinh tong
quat ta c6 thé gia thiét by=0, tirc 1a khong chira thanh phan vi phan D ndi
tiép, vi trong trudng hop ap=by=0 thi sau khi gian udc thira s6 chung cua tir
va mau cta (3.54) 1a s dé ha bac ta lai c6 mo hinh méi khong chira dong thoi
c4 hai thanh phan I va D.

Khi by=0, ta lam tuong tu nhu trén véi mo hinh rat gon

L+bys+-+b, s"™

GM(s) = _ (3.73)
ag +a s+ ta, s°
s& di dén
GM(jn€2;) ~ S

Su(an)

~ ) . ~ ng .
= Su(an)[U' 2.b;(jnQ, )LJzSuy(nQA)zai(an/l)L
i=1 i=0

= en= §u(an)—[guy(an)niai(an,l)i —§u(nQ,1)nzbbi(anl)i}¢ 0
i=0 =1

trong do
ao
0 5 5,0
e=| | x= Ty as] SO L=k
: -0 :
e2M : S,@eMQ),)
_bnb
voi
~ S B
Ink = (nQ2;) Suyi-]an,) néu k<n,
(jnQ,)¥ S, (jnQ;) néu n, <k
I’l=0,1, 9 s ,2MVé k:O,l, 9 e ’na—|—nb'
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Nhu vy bo tham sb by, ... ,b,,, @, a1, ... ,a, clia md hinh (3.73) ma
v6i n6 phiém ham sai 1éch (3.64) dat gia tri nho nhat s& 13 nghiém cta
LHLx = LHs
va cung voi két luan do6 ta duoc thuat toan xac dinh bo tham sb tdi wu x cho
md hinh (3.73) tir day gia tri tin hiéu {uk}, {yk}, k=1, ... , N—1 do dugc
trong khoang thoi gian quan sat [0, N7a) vai thoi gian trich mau 7a nhu sau:
1) St dung ham spec() tinh S, (r0,),S,,(n0,), n=0,1, ... ,2M v&i M 1a chi

J4 2r
sO Lag, ;=
& 247

a

va A 1a s6 nguyén lily thira 2 nho nhat nhung khong nho

hon 2N-1.
2) Tinh C=LHL va k= LHs.
3) Goi ham cholesky()dé tim x chira bo tham sb by, ... vy, 5 A0, A1 s ...

»Qn, toi uu.

Vig¢c cai dat thuat toan trén thanh chuong trinh trén ngén ngir 14p trinh C
duoc tién hanh twong ty nhu di 1am véi ham par() va s& duoc danh cho ban
doc nhu bai tap 6n luyén.

3.2.3 Nhin dang lip tham s6 mé hinh

Vi du minh hoa cho ham par() trinh bay trong muc 3.2.2 dé nhan dang

tham s by, b1, ... , by, » A1, ... ,a, cho mod hinh dbi tugng khong chira thanh
phan tich phan
by +bys+-+b, s
GM(s) =20 25 0mS © g > ) (3.74)

l+ajs+-+a, s

xac nhan kha ning 4p dung tot cua thuat toan. Tuy nhién khong phai trong
moi truong hop ta déu c6 thé sir dung thuét toan d6. Chang han nhu & bai
toan nhan dang bi dong c6 nhiéu tac dong 16n 1am cho két qua do {uk}, {vk}
phan anh khong duogc sat thuc tin hiéu hién c6 cua d6i tuong. Diéu ndy anh
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hudng truc tiép t6i gia tri G(inQ,), n=0,1, ... , 2M thu duoc ctia ham truyén
dat va gitta gia tri thu duogc d6 voi gia tri ding GM(jn€);) ton tai sai léch
khong thé bo qua.

Vi du 1: Gia st mot di twong tuyén tinh mé ta chinh xac duge boi

GM(S) — bo +b1$

l+ays+ azs2
voi bo =2 , b1 :0,5 , a1 20,8 va 612:2.

Po 1000 gia tri tin hiéu vao u(f) va ra y(f) cua ddi tugng véi tan sd trich
mau Ta=Ta=10"%s duoc day {uk}, {yk}, k=1, 2, ... , 999, trong d6 & ca dau
vao/ra ctia dbi twong c6 1dn 12% nhiéu phan bd chudn véi gia tri trung binh
bang 0. Str dung ham par() voi cira s6 Hamming (w=4), na=2, nb=1,
N=1000, bias=1 va M=200 ta thu dugc két qua c6 sai 1éch dang ké ([12]):

by=10,38,b5,=0,12,a,=0,35vaa, =0,17.

Nhim hiéu chinh két qua thu dugc nhd ham par() mot cach tét hon,
nguoi ta can phai loai bo sy anh huong ciia nhidu trong G(jnQ,;) va mot
trong nhitng phuong phap loai bo sy anh huéng dé cuia nhiéu 1a nhan dang
theo nguyén 1y ldp qua nhiéu budc duoc trinh bay sau day.

Xuét phat tir mo hinh (3.74) va cac gia tri G(jnQ);), n=0,1, ... , 2M da co
ta 1ap phuong trinh mé ta sai 1éch dau ra:

en= G(jnQ;) — GM(jn,)

ng . Ng .
G(jnQ,)—| 2.b;(jnQ ;) —G(jnQ ;)Y a;(jnQ ;)"
i=0 i=1

g .
1+ Zai(‘]‘an)L
i=1

Néu ky hiéu a® ,b®1a cac tham s6 ctia mo hinh (3.74) thu dugc tai budc

lap thu £, ta s€ cai bién sai léch trén mdt it cho phu hop véi thuat toan lap
nhu sau:
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R T Y T N BN ( YR
G(jnQ,)-| 26,7 (jnQ,)" -G(jnQ ;)Y a;” (jnQ,)

~ _ i=0 i=1
e, — e ‘
1+ Zagk_l)(ani)l
i=1
. _ e OYE i . g k) - i
G(jnQ,)—| 26,7 (jnQ,)" —G(jnQ )Y a;” (jnQ,)
i=0 i=1
= 3.75
wglk_l) ( )
trong do
ng .
wflkfl) =1+ Zagk_l)(ani)l va wﬁlo) =1, V n.
i=1
V6i ky hi¢u ma tran U vector g cho trong (3.65) va
1 0 0 0
b((]k) 1
N . 7= 0 0
eo N wl
e s AT —aik) 5 - w;kfl)
eom : : : 1
_ k) 0 0 0
ana wéﬁzl)
thi (3.75) cho tat ca n=0,1, ... , 2M s& viét chung lai dugc thanh
e=wD g W DUxk (3.76)

Néu xem bd tham s xk tot nhat cta budce 1ap thur £ 1a bd ma véi no téng
binh phuong céc sai 1éch

M
0= =2"z
n=0
dat gia tri nho nhat, thi twong ty nhu da 1am véi (3.64) tai muc 3.2.2 dé dén
(3.66), ¢ day ta cling c6 phuong trinh xac dinh nghi¢m xk nhu sau:

-0 br00) 2, =0 f w0
C k

va phuong trinh nay hoan toan giai duogc tryc tiép nhd ham cholesky() véi
nhitng gia tri G(jnQ;), n=0,1, ... , 2M ciing nhu b tham s6 «*V, i=1, ...,

na da co6 tr bude 1ap tha k-1 trude do.
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Ta di dén thuat toan lap xac dinh b tham sb toi wu by, ... ybyy s A1, ..

,a, (sailéch d4u ra nho nhét) cho mo hinh ddi tugng khong chira thanh

phan tich phan tir nhitng gia tri G(jnQ,), n=0,1, ... , 2M di c6 (chang han
nhu nho phwong phap nhan dang bi dong mé hinh khéng tham sé da trinh
bay ¢ chuong 2) nhu sau:

1) Xac dinh b tham s6 khoi phét 6,6, ..., 6©,a(®,af”, ..., o tir

G(jn€2), n=0,1, ... , 2M (c6 thé sir dung mét phén ham par() khong co
cong doan goi nonpar() dé tinh G(jnQ,), n=0,1, ..., 2M tir {uk}, {yk},
k=1, ..., N-1).

2) Thuc hién 14n luot cac bude sau voi k=1, 2, ...
a) Tinh C =W U)W DUy va k= (W Puy™D 4

b) Goi ham cholesky() dé tinh 5%,5(, ..., 5%, a® af, ..., a.

¢) Néu sai s6 Z(‘bfk’l) —b§k>‘+
i

altD —a§k)D < & voi £1a mot s6 duong du
nhé cho trudc thi dimg thuat toan va cho ra két qua by =s{, ... ,
bnb:bfli), a :aik) Y eee s ana:ag?.

Néu nhu biét chic rang bo tham sé mo hinh phai xac dinh véi it nhit hai
vong 1ap thi ta c6 thé bat dau tai ngay budc 2, trong dé gia tri khdi phat
b, 6@, L., b,(f;), a”, o, ..., affi) chi can chon sao cho c6 dugc w® =1,

V n. Vi du nhu véi
a¥=..=a"=0
va 80,6, ..., bfjjj la tay .
Dé tién cho viéc cai dit thuat toan trén, nht 13 tai budc 2a) khi phai xac
dinh C ciing nhu £ ta c6 thé goi = W* DU va I, 1a cac phan tir cia U,

g=1, ... ,2M+1, n=1, ... , natnb+1. Vay thi
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[j(q_l)Qﬂ.]n ! khi
w®-D
~ q-1
Ugn I
Litg-Do, "™

k-1
W7D

1<n<ny+1

G(j(g-1)Q,;) khi ny+l<n<ng,+ny+1

trong d6 w{*V=1. Néu goi tiép C=(W* D) (W* Uy va cmn , m, n=1, ...,

na+nb+1 13 cac phan tir cia n6 sé duoc
2M
cip =1+ —1 5
e

. oM.
va cmn ZZ(uqmuqn)
g=1

(_1)n—1 2% (_JqQﬂ )m+n_2

5 khi l<n<m<ny+1
o

. —9-
oM (_JqQ/l )m+n ng

=DM Y ——G(jgQ,) khi 1<n<my+l<m
g=1 ‘w((]k—l)‘
N oM (_ij )m+n—2—2nb 9 )
(G VARCIED) A |G(jgQ,)" khi ny+l<n<m
g=1 ‘wék—l)‘

Ciing nhu vay, néu ta tiép tuc goi kn,n=1, ..., natnb+1 1a cac phén tor
cua kthi

2M+1
kn=Y%

q=1 " w(k_l)

qg-1

- G(j(q—l)aw}

oM ;
> (—J'(ZQ;,)'F1 —G(_]qQAZ) khi n<ny+1
q=0 ‘w(k_l)‘
n= q

n= 2
G(jqQ,)

2% (_ . Q )n—nb -1
Jqi2, (1)
Wq

q=0

khi ny+1<n

Str dung cac cong thire xac dinh C va k vira néu trén, ta tién hanh viéc cai
dat thuét toan nhan dang by, ... ,b,,, a1, ... ,a,, cho dbi tuong khong chira

>¥ng 2

thanh phan tich phan tir nhitng gia tri G(jnQY;), n=0,1, ... , 2M cta nd bang
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ngon ngtt 1ap trinh C s€ ¢6 dugc ham itpar() cho dudi day. Ham itpar() nay
c6 cac bién hinh thuc sau:
a) Con tré G chi diu mang phirc G[] chua cac gia tri G(jnQ,), n=0,1, ...
, 2M.
b) Con tré x chi ddu mang phirc x[] chira cac tham s c6 tir vong lap thi
k—1 trude d6 theo thir tu:

x[0]=5¢, ..., xnbl=5¢,  xnb+1]—a{",
x[na+nb]=—q¢*-V
g

Sau khi ham thuc hién xong, cac gia tri tham s6 méi s& duoc ghi lai
vao mang nay cling theo dung thur ty do, tac la:

x[0]=b¢, ..., x[nb]=b,’jb, x[nb+1]=—df, ..., x[na+nb]= —aﬁa.

¢) S thuc Om chua gia tri Q;.
d) S nguyén M2 chira d6 dai day {G(inQ,)}, tirc 1a M2=2M.
¢) S6 nguyén na chta bac da thirc miu sé na ctia mé hinh.

f) SO nguyén nb chira bac da thirc tir s nb ctia md hinh.

Ham tra vé gi tri bao 16i —1 néu na<nb hodc i > 0 thong bao C suy bién
v6i phan tir thir /i khong phai 1a s& duong. Trong trudng hop khong c6 151,
ham tra vé gia tri 0. Ham khong 1am thay doi ndi dung mang GI].

int itpar(complex *G,complex *x,double Om,int M2,int na,int nb)
{ int n,m=na+nb+1,q,L,mn;

double *s,*w;

if(nb>na) return(-1);

complex cik,*c,im=complex(1.);

c=new complex[m*(m+1)/2+1];

s=new double[M2];

w=new double[M2];

¢[0]=complex(0.,0m);

for(n=1;n<na;n++) c[n]=c[n-1]*complex(0.,0m);

for(n=0;n<M2;n++)

{ cik=complex(1.);
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for(m=0;m<na;m++)
cik+=c[m]*pow(n+1,m+1)*real(x[nb+1+ml]);
w[n]=1./(pow(real(cik),2)+pow(imag(cik),2));
}
c[0]=complex(1.);
for(n=0;n<M2;n++) ¢[0]+=complex(w[n]);
x[0]=G[0];
for(q=0;q<M2;q++)
{ slql=1;
x[0]=x[0]+G[q+1]*W[q];
}

for(mn=1;mn<=2*na;mn++)
{
for(q=0;q<M2;q++) s[q]=s[q]*Om*(q+1);
im=im*complex(0.,-1);
for(m=1;m<=na+nb+1;m++)
for(n=1;n<=m;n++)
{
if(m<=nb+1) L=n+m-2;
else L=(n<=nb+1)? m-nb+n-2:m-2*nb+n-2;
if(L!=mn) continue;
cik=complex(0.);
L=(n-1)%?2;
if(m<=nb+1) for(q=0;q<M2;q++) cik+=im*s[q]*w[q];
else if(n<=nb+1)
for(q=0;q<M2;q++) cikt=im*conj(G[q+1])*s[q]*W[q];
else
{ for(q=0;q<M2;q++)
cik+=im*s[q]*pow(abs(G[q+1]),2.)*w[q];
L=(n-nb-1)%?2;
}
¢[m*(m-1)/2-1+n]=(L==0)? cik:-cik;
}
if(mn>na) continue;
if(mn<=nb)
{ x[mn]=complex(0.);
for(q=0;q<M2;q++) x[mn]+=im*G[q+1]*s[q]*w[q];
}

x[nb+mn]=complex(0.);
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for(q=0;q<M2;q++)
x[nb+mn]+=im*s[q] *pow(abs(G[q+1]),2.)*W[q];
}
L=cholesky(na+nb+1,c,x);
delete [] c; delete [] w; delete [] s;
return (L);
}

Vi du 2: Ham itpar() trén day co thé duoc dung thay cho ham par() di gioi

thiéu & muc 3.2.2 dé xac dinh tham sé mé hinh bg, ... .6, , a1, ... ,a, cho

> bny, 5
nhitng d6i tugng khong chira thanh phan tich phan mot cach truc tiép tir day
cac giad tri {G(jn€2;)} chir khong phai tir day gid tri tin hi¢u vao/ra {uk},
{vk} bang cach goi ham itpar() voi ddu vao x[n]= 0, n=0,1, ... , na+nb . Vi
du vdi cac 1énh

void main()
{ complex *G,*x,b0,b1,al,a2;
int i;
b0=complex(2.); bl=complex(0.5);
al=complex(0.8); a2=complex(2.);
G=new complex [1000]; x=new complex [7];
G[0]=complex(2.);
for(i=1;i<1000;i++) G[i]=(b0+b1*i))/(complex(1.)+b1*i-b2*i*i);
for(i=0;i<7;i++) x[i]=complex(0.);
if(itpar(G,x,1.,999,2,1)==0)
for(i=0;i<4;i++)
printf(""x[ % d]=(%f,%f)\n" i,real(x[i]),imag(x[i]));
delete [] G; delete [] x;
getch();
}

s€ co
x[0]=(2.0,0.0) x[1]=(0.5,0.0)
x[2]=(-0.8,0.0) x[3]=(-2.0,0.0). o

Vi du 3: Quay lai xét vi du 1 ban d4u 1 d6i tuong tuyén tinh can nhan dang
c6 mo hinh
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GM(S) — bO +b13 =,
1+a1s+ags
voi
b() =2 , b1 :0,5 ,ap = 0,8 va a) = 2.

Tu day {G(jnQ,)}, n=0, 1, ... , 999, Q, = 1,55 bi 14n nhiéu phan bd
chuén ta st dung thudt toan lap véi cac bude lap £=1,2,3,4 chéng han nhu
nho 1énh

for(i=0;i<7;i++) x[i]=complex(0.);
for(k=0;k<3;k++)
{

i=itpar(G,x,1.5,999,2,1);

printf(""k=%d\titpar()=%d\n" ,k,i);

if(i==0)

for(i=0;i<4;i++)
printf("x[%d]=(%f,%f)\n" i,real(x[i]),imag(x[i]));

}

s& thu duogc két qua:
k b() =2 b1 :0,5 ay = 0,8 ar = 2
1 0.3876989 | 0.121715708 | 0.35801470 | 0.174858337
2 1.9936758 0.47759602 | 0.80031561 1.79909552
3 1.9999577 0.49980766 | 0.80189254 | 1.99115383
4 1.9999984 0.49802213 | 0.80144393 1.99111318

Thuat toan lap trén ddy ciing c6 thé duoc cai bién cho dbi twong chira
thanh phan tich phan I nhung khong c6 thanh phan vi phan D v6i mé hinh
rat gon

L+bys+-+by,s"

GM(s) =

ag +ays+-ta, s

Trudce hét ta xem quan hé xap xi
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np .
L+ 26" 5
GM(jnQ,) ~ G(jnQ,) < _ic1 ~ Suy(nQs)
S a;(jnQ,)! Sy (n€2;)
i=0

nhu 14 mat sai léch tai bude 1ap tha k&

~ ~ ng . ~ gy .
Su<n04>—[suy<n04>za§k><jnm>‘ -8, (nQprfM(anﬂ)l]
i=0 i=1
#0

en =

~ nll .
S, ()Y a* V(jn0,)
i=0

roi tim

B, ey B0 0, .., o

tur day

{gu (nQ;) }5 {guy(anl) }

cling nhu tir a*"V, =0, ..., na, trong d6 of” =1, a{”=... =a{¥ =0 sao cho
2M 9
0= Y len|
n=0
dat gia tri nho nhét. Khi d6 ta s& duoc
(oL (o). g, =([FE0Lf we-vg (3.77)
c k
Vo1
al?
: S,,(0)
ay? S.(Q,) 5 (k-1 k-1
— ng — _ 1) — [ ~(k—
-M_ —bik) ) S = u g s L_(lnk)’ W( >_(w5nn ))
: S,(2MQ,)
_b(k)
ny
Ink = (an/l)kS'uy(an/l) néu k<n,
(jnQ,)f 8, (jnQ;) néu n, <k ’
0 néu ms# n
1

néu m=n

~ n’a .
S, ()Y a* D (jn0,)
148 i=0



~(k-1) —
wgnn )=

m,n=0,1,,...,2Mva k=0,1, , ..., natnb.

Nhu véy ta s& co dugc thuat toan xac dinh b tham sb t6i wu xk tir diy
gia tri tin hiéu {uk}, {yk}, k=1, ... , N—1 do dugc trong khoang thoi gian
quan sat [0, NTa) véi thoi gian trich mau Ta cling nhu tir o, s, ...,

a*~V trong do
a(()o) =1, a§0> = ... Iafi) = O,

nhu sau:

1) St dung ham spec() tinh S, (nQ,),S,,(nQ,) .

2) Tinh C=(F*Lf ([F*L) va k= [F¢-DLf 7D

3) Goi ham cholesky()dé giai phuong trinh (3.77) theo xk.

Cau héi on tap va bai tap

1. Gia s rang khi kich thich tai ddu vao cua ddi twong can nhan dang mot
tin hiéu u(r)= uo1(f) ngudi ta thu duoc & dau ra dudng thuc nghiém y(f)
c6 dang mot khau dao dong tat dan (hinh 3.30) v6i mo hinh tham )
thudc 16p

G(s)=—*" __ o<p<i
s2 +2gDs +q

Goi y 1a gié tri gidi han cta y(f) khi t>0o va 4i,i=0, 1, ... 1a khodng

cach cua céc diém cuc tri t61 duong y=y,, . Chung minh rang
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Vi két qua cua bai tap 1, hay xay dung thuat todn nhan dang cac tham
s6 k, D, g cua ddi tugng c6 mod hinh (3.54) tur toa do cac diém cuc dai
ctia duong thuc nghiém y(7) thu duoc khi kich thich ddi twong bang tin
hiéu u(f)= uol(f) & diu vao. Cai dit thuat toan vira xdy dung thanh
chuong trinh viét trén C.

Ching minh ring ma trdn U cho trong cong thic (3.65) khi Q,#0 va
G(in€);) khong phai 1a hang sé voi moi n=0,1, ... , M va M>na+nb s& c6
hang 1a na+nb+1.

Chung minh rang néu ma tran U c¢6 m hang, n cot voi m > n va cac
vector cot 1 doc 1ap tuyén tinh thi UHU s& khong suy bién véi hang 1a
n. Hay chi rﬁng UHU va WHu)'la cac ma tran xac dinh duong.

Diéu gi s& xay ra khi str dung thudt toan nhan dang tham s6 mé hinh
theo phuong phap bi dong da trinh bay trong cac muc 3.2.2 va 3.2.3
(chang han nhu véi ham par() hay itpar()) néu tin hiéu du vao c6 dai
tan s rat hep, vi du tin hi¢u hinh sin hoac cos.



4 Nhin dang tham s6 mé hinh ARMA
4.1  PDitvan dé
4.1.1 Phat biéu bai toan nhian dang mé hinh ARMA

Cung véi su bung nd tmg dung 16p mo hinh tham s khong lién tuc biéu
dién mdi quan hé vao-ra cho mot hé tuyén tinh, tham sé hang trong diéu
khién tu dong, nganh nhan dang cling chuyén budc tir nhan dang mo hinh
lién tyc trude ddy ma trong tdm chii yéu 1a xay dung ham trong luong hoic
ham dic tinh tin bién—pha dudi dang mot day sb (phuc) sang linh vuc nhdn
dang mo hinh roi rac.

Noi dung chinh ctia chuong nay 1a trinh bay nhling phuong phap nhéan

, o by
dang tham s0 K, a =| : |, b =| : cho mdé hinh roi rac ARMA

a ng

(Autoregressive moving average)

-1 —ng
1+biz™ ++b,,2

2

Gz) =& -k _

U(z) 1+a1271+---+anaz_ a

trén co s& quan sat, do tin hi€u vao u(z) va ra y(¢) sao cho sai l¢ch gitra mo
hinh va ddi tugng 12 nhé nhéat. Vi nhimg kiéu mo ta sai 1éch khac nhau sé
c6 cac phuong phap nhan dang khac nhau.
Cac phuong phéap nay duoc chia ra lam hai loai chinh:
— loai nhan dang active (chii dong). Tin hiéu dau vao u(¢) duoc chon 14 tin
hiéu 6n tréng c6 gia tri mat do phé béng 1, tic la
mu=0 va Su(w)=1.
— va loai nhan dang passive (bi dong).
bac bi¢t, khi nb= 0 mo6 hinh (4.1) trd thanh
G(z) = K (4.3)

-1, T
l+a12 +-+a,z

va duoc goi 1a mo hinh AR (dutoregressive) cuia d6i tuong.




Nguoc lai khi na= 0 thi m6 hinh (4.1) tré thanh
G(z)=KQ+biz " +...+b,,27™) (4.4)

co tén goi la mo6 hinh MA (Moving average).

Chuyén (4.1) sang mién thoi gian, s& ¢6 dugc md hinh twong dwong dang
phuong trinh sai phan sau:

ng ny
Yn * zakynfk :K[un + zbkun—k} (45)
k=1 k=1
Hoan toan tuong tu, dang thoi gian cia mo hinh AR 1a
Yo+ D apyn =Kun (4.6)
k=1

va ciaa mo6 hinh MA la

yn :K[un + %bkun_k} (47)

k=1
4.1.2 Chuyép thanh bai toan twong dwong cé hé sé khuéch dai ctia mo
hinh bang 1

DPé don gian, ta chuyén bai toan vira néu vé dang md hinh c6 hé sb
khuéch dai bang 1 (hinh 4.1), bang cach tach G(z) thanh hai khau K va
G(z) méc ndi tiép. Khau G(z) khi d6 s& c6 ham truyén dat

Y(z) _ 1+ bzt t b,z "

G(z)= , (4.8)

7 -1 -n
U@ 1l+az7 ++a, z ¢

Tin hiéu dau vao qua khau khuéch dai K ciing 13 tin hiéu ngu nhién egodic
c6 gia tri trung binh bang 0 va gia tri mat do phd bang K. Véi su bién doi
ma & d6 hé s6 khuéch dai ciia mé hinh dugc chuyén thanh gia tri mat do phd
ctia tin hiéu dau vao, ta c6 dang twong duong cta bai toan chuan cho viéc
nhan dang chu dong tham s mo hinh ARMA. Bai toan tuong duong nay
phat biéu nhu sau: Trén co sé quan sat, do tin hiéu ra y(f), dugc diy {vk},
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a by
hay xéac dinh cac vector thamsé a=| : |, b=| : |ciia moO hinh G(z) va gia
@, b"b
tri mat do phé K cua tin hiéu dau vao u(t) sao cho sai I¢ch gitra m6 hinh va
d6i tuong 1 nho nhat, trong d6

mu=0 va Su(w)=K.
Twong tng, md hinh G(z) trong mién thoi gian c6 dang
ng ny,
Yn t zakyn—k U, t+ zbkun—k (410)
k

k=1 =1

Hoan toan tuong tu, dang thoi gian cua mo hinh AR tuong duong la

ng
Ynt zakynfk =un
k=1

va cua mo hinh MA tuong duong la

np
YR =uy + 3 b,y
]

4.2 Nhin dang chii dong tham s6 mo hinh AR

Nhiém vu cua bai toan nhan dang chu dong 1a khi ddi tuong dugc kich
thich chu dong bang tin hiéu on tring u(7) thoa mén (4.9), hiy xéac dinh cac
vector tham sb a, K cia md hinh (4.11) tr day gia tri {yk}, k=0,1, ..., N—1
do dugc cta tin hiéu ra sao cho sai léch giita mo hinh va dbi tuong 1a nho
nhit.

4.2.1 Phwong phap Yule—Walker
Trude hét, ta nhan ca hai vé ciia mo hinh (4.11) véi yn_, vé phia trai
Yn-mI¥n t Za:akyn—myn—k = Yn-mlUn
k=1

sau d6 1ap gia tri trung binh theo cong thirc (1.30) va (1.33) cho ca hai vé, s&
co
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ry(mT,) + kgalakry((m ~B)T,) =1y, (mT,)

Néu goi gm =g(mTa) 1a gia tri ham ham trong lugng ciia md hinh AR
(4.11) tai cac diém trich mau mTa , m=—oo, ... , oo thi do ddi twong c6 hé sb
khuéch dai bang 1 nén

_ {1 khi m=0
0 khi m<0
Ngoai ra, theo gia thiét (4.9) con c6

K khi m=0

r”(mT”):{o khi m %0

boi vay tir diéu hién nhién

ryu(mTa) = ruy(_mTa) = ru(_mTa) * g&-m™ iru(_kTa)g—m—k = Kg—m

j—
ta duoc
K khi m=0
Pyu(mT,)=10 khi m >0
Kg_,, khi m<0
Suy ra
. K khi m=0
ry(mT,)+ Y apr,((m —k)T,) =10 khi m>0 . (4.13)
k=1 Kg_,, khi m<0

Viét lai (4.13) lan lugt cho m=0,1, ... ,na dudi dang ma tran ta di dén

ry(o) ry(_Ta) ry(_naTa) K
ry(Ta) r,(0) ry((—na +1)T,) .(IJ: 0 (4 14)
: a . .
ry(naTa) ry((na _1)Ta) ry(o) 0
H,

bay la phuong trinh x4ac dinh vector tham s6 a, K tir viéc do tin hiéu ra

y(t) va c6 tén goi la phuong trinh Yule—Walker.
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4.2.2 Sai s6 du bao tuyén tinh ciia phwong phap Yule—Walker

Uu diém co ban ctia phuong phap Yule—Walker 13 véi tham sé mé hinh
a, K da xac dinh dugc, gid tri trung binh cua binh phuong sai 1éch du béo
tuyén tinh nho nhat. Uu diém nay di dugc Burg sir dung dé xay dung phap
truy hoi rat co y nghia trong tmg dung thuc té va s& dugc trinh bay sau trong
muc 4.2.4.

Hinh 4.2 minh hoa khai niém du bao tuyén tinh. Gia st qua vi€c quan sat
tin hi€u ta da co6 y(¢) trong khoang quan sat [T, 7>] . Nhitng phuong phéap du
béo cho ra két qua xap xi cua y(f) khi £T> dugc goi la phuong phap du bao
vuot trude hay du bao tién. Nguoc lai, phuong phap cho ra két qua gan
dang y(¢) khi t<T) dugc goi la du bao lui.

Nhitng phuong phap du bao c6 dang to hop tuyén tinh tir cac gia trj tin
hiéu quan sat duogc thi duoc goi 1a du bao tuyén tinh. Cac cong thirc du bao
tuyén tinh tuong tng v6i mé hinh AR gom:

1) du bao tuyén tinh tién:

v ==Y @y (4.15)
k=1

cho phép xéac dinh y! dugc xem nhu 13 gi tri gin dung cua yn tir na cac
gia tri da c6 trude do y,_q,.... 955, - S6 mil f trong y/ khong co ¥ nghia
lity thira ma don gian chi 13 ky hiéu noi rang gia tri xdp xi d6 duoc xac
dinh theo phuong phap du bao tuyén tinh tién ma doi khi trong mot vai
tai liéu khac nhau con goi 1a phuong phap du bao tuyén tinh vuot trude
(forward).
2) du bao tuyén tinh lui:
yf’z == 2 WYnsk (4.16)
k=1
cho phép xéac dinh y2 dugc xem nhur 14 gi tri xap xi ctia yn tir na cac gia
tri da ¢6 sau dO .1, ¥n4n, - S6 mii b trong y2 1a ky hiéu chi rﬁng gia tri

xap xi duoc tinh theo phuong phap du bao tuyén tinh i (backward).
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Pinh 1y 4.1: Vi cac tham sé a, K cia mo hinh AR xéc dinh theo thudt toan
Yule—Walker, phuong phép du béo tuyén tinh tién (4.15) 1a phuong
phap c6 gia tri trung binh binh phuong céc sai 1éch nho nhét.

Chitng minh:

Trudce hét 1ap sai 1éch ef =y, —y! . Vay gi tri trung binh cta binh phuong

sai 1éch nay s€ l1a

2

M| e} [1] =M{

ng
Yot Zakyn—k
k=1

- M[yrgz ]+ 2M|:yn krilakyn—k:| + M[[k%l:lakyn—k ][lrialyn—l]‘|

Ng Ng ng
= ry(0)+2> apry(RTy) + >, > apayr,(k—DT,)
k=1 k=1 l=1

Str dung ky hi¢u
r, (0) r,(-T,) - ry((n, -1DT,)
(Ta) y y a y\Ug a
r [ ’ : J va H, = T HO e (a2
T :
ry (na a) ry ((na - l)Ta) y((na - 2)Ta) oo ry (O)

dang thire trén viét duoc thanh
A/[[|e£ |2] Zry(0)+rTa+aTr+aTHna,1g

:ry(O)_ETH,:al_ll-"&+Hna—1g)TH;al_l&+Hna—lg)

Riéng biéu thirc thir 3 chira vector tham sd @ phai tim. Boi vay khi @ lam
cho biéu thirc ndy c6 gia tri nhod nhét, n6 ciing s& 1am cho M[lef"] c6 gia tri
nho nhét. Nhung ma trdn H, _; xac dinh khong am, nén biéu thtrc thir 3 s&
c6 gia tri nho nhat khi

0

£+Hna12[(fj = (ﬁﬂnal)@][j (4.17)

So sanh véi (4.14) ta thiy ngay dugc 13 nghiém cua (4.14) thoa mén (4.17)
vi
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T
H, - [’”y@) r ] (4.18)
“ r Hna -1
va d6 1a diéu phai chting minh.
Mot cach hoan toan tugng tu, ta ciing s€ chi ra dugc:

Pinh ly 4.2: V6i cac tham s6 a, K ciia mé hinh AR xéc dinh theo thuét toan
Yule—Walker, phuong phap du bao tuyén tinh 1ii (4.16) 1a phuong phap
c6 gia tri trung binh binh phuong céc sai 1éch nho nht.

Trén day 1a hai dinh 1y khang dinh hai wu diém trong k¥ thuat du béo
tuyén tinh cua cac hé sd ay, ay, ... , a,, va K cia mo hinh AR (4.3) dugc xac

dinh theo phuong phap Yule-Walker. Hai uu diém nay di duoc Burg st
dung dé xay dung thuat toan truy hdi giai phuong trinh (4.14) s& gi6i thiéu
sau & muc 4.2.4. Bén canh hai vu diém vira néu, nghiém ciia phuong trinh
Yule—Walker con c6 mot wu diém tha ba rat Iy thu cho viée danh gia luong
thong tin ngudn phat. Vi vu diém nay khong lién quan dén cong viéc chinh
ctia chung ta 1a nhan dang dbi tugng diéu khién nén ¢ day né chi duoc gisi
thiéu dudi dang mot hé qua khong co chimg minh dé tham khao thém.

H¢é qua 4.1: Trong 16p tat ca cac mat do phd tin hiéu c6 dang

Sy(w) =+

1+ za:akefj’”kTa
k:1 2 r
thu duoc tir day cac gia tri tin hiéu {yk} thi mat do pho cé cac hé so a;,

a, ..., a, , K xac dinh theo Yule-Walker s¢ c6 lugng thong tin
(entropie) nhiéu nhat vé ngudn phat tin hiéu ngiu nhién y(¢). No6i cach
khéc véi cac hé sb do sé& co

H = J'lnSy(a))da) — max!

—00
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4.2.3 Giai phuwong trinh Yule-Walker nh¢ thuét toan Levinson
Ma tran H, cua (4.14) c¢6 nhimng tinh chét rat dic biét, do 1a:

a) H, la ma trin Toeplitz, tirc la cac phan tir tai hang thir i, cot j dugc
xac dinh tir hi¢u i—j va do d6 nguoi ta c6 thé xay dung lai dugc toan
bo ma tran chi tir cac ph'?ln tur cuia hang dau tién va cot dau tién.

b) H, d6i xtmg qua dudng chéo chinh, tirc 1a Hfa =H,_ . Két hop véi
H, la ma tran Toeplitz, nguoi ta chi can cac phan tir cta hang dau
tién 1a du dé co duoc toan bo ma tran.

¢) H, lama trdn xdc dinh khong am. Diéu nay co thé suy ra tir tinh chat
(1.31) ctia ham tu twong quan theo phuong phap quy nap.

Tinh chét b) vac) la diéu kién dé ap dung dugc thuat toan Cholesky va
do d6 ta c6 thé str dung dugc ngay ham cholesky() da gidi thiéu & chuong 2
(muc 3.2.1) dé giai phuong trinh 4.14 duéi dang

1

K! 0
H"a[ -1 J =
K a :

0
Tuy nhién cing v&i tinh chat a) viéc cai dat thuat toan giai phuong trinh
(4.14) s& don gian hon nhidu. Mot thuat toan chuan dé giai (4.14) theo
phuong phap truy hdi thude vé Levinson.

Thuat toan Levinson khong giai truc tiép phuong trinh Yule—Walker
(4.14) bac na dé c6 cac thamsd aj, az, ... , a, va K ma lan luot giai (4.14)
v6i nhitng bac i thip hon, bit dau voi i=1, sau d6 cho i ting dan dén na . Bé
tién trong trinh bay ta s& ky hiéu phuong trinh (4.14) cho bac i c¢6 dé ¥ dén
tinh d6i xtmg H7 = Hi nhu sau:
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ry(©0) (T, - 1 GT,) 1) (K;
ry(?"a) ryFO) - ry((i—'l)Ta) ' a1.[i] _ Q (4.19)
r, (i) ry G-11,) - ry 0) a;[i] 0

H.

1

no6i cach khéc, cac tham sé nay sé duoc ky hiéu bang ai[i], aa[i], ..., ai[i], Ki
dé nhin manh rang chung thudc vé phuong trinh Yule—Walker bac i. Van dé
dat ra cho bai toan xay dung thuat toan truy hdi 1a xac dinh i+1 tham sd
a[il, aa[il, ... , ai[i], Ki cua (4.19) tir i cac tham sb a [i—1], aa[i-1], ... ,
ai_[i-1], Ki_; cia phuong trinh Yule—Walker bac i-1 duoc gia thiét 1a da
biét:

r,(0) ry(Ty) oy ((-1)T,) 1 K,
ry(Ty) ry(0) oy ((-2)T,) . ali-1] _ 0 (4.20)
ry((-DT,) r (@-2)T,) - r, (0) a;_1[i-1] 0
H; 4

Trude hét ta chimg minh dinh 1y sau:

a [l

: ]} va Ki la nghiém cuia (4.19) thi ching cling sé€

Pinh ly 4.3: Néu 4[i]=
a;i]

thoa man
@[} (0
Hi o ] =l o (4.21)
1 K;
Chitng minh:

0 - 1

Nhan cé hai vé cua (4.19) v6i ma trdn J=| : .- } vé phia trai ta c6

o
ali] 0;

Néu dé y tiép rang

1 - 0
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va J, Hi 1a hai ma tran doi xung, tuc 1a tich cta ching ciing 1a mdt ma tran
doi xting

JHi= (JHi)'=HiJ

ta s€ duoc
alil) (0
HiJ L ]=J% o mHi| =] | (dpecm) o
ain) o, aliy| | o | CPE
1 K,

Bay gio ta s& xac dinh quan hé truy hoi giita cac tham sb cua (4.19) va
(4.20).

i a1[i]
Pinh ly 4.4: Gilta vector cac tham so Q[i]_[ :

a;i]

, Ki cia  (4.19) va

arfi-1]

a[i—l][ , Ki_i ctia (4.20) c6 quan hé truy hoi

a;_1[i-1]
a) ak[i] = akli-11+ aili] aii-1]  v6i k=1,2,...,i-1 (4.222)
b) Ki= Ki [1-qiP) (4.22b)

Chitng minh:
Vi ky hi¢u

ry(T,) r,GT,)) (0 - 1
rli] = O o 11 B S e R e 1]
r, GT,) r(T) ) (1 - 0

a; [i] a;[i] 0o -+ 1
alij=| |, alil=| & =i 7 ilali]
a;[i] alil) (1 - 0
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trong d6 chi s6 r (reflection) ctia vector r[i] noi rang thir tu cac phan tir cua
né dugc dao lai so véi r[i], thi tor phuong trinh (4.17) cho trudong hop
na=i+1 ta co:

r[i] + Hi a[i] =67 Vector gém c6 i phan i 0.
Ky hiéu tiép

[l (]

gm{ : } > dl-[2

ai—l[i]

ry(Ta) rli—1]

li-n=| = o]

. (ry(zTa)J
r, (C-1Ty)

va

dang thirc trén s& tro thanh

rli-1] .\ H;y r,0il)( ali] -0
ryGT)) (rE Gl 7y 0) ) \ali]) ~

= -1+ Bl illi]= 0, (4.23)
Mait khac, khi na = i, cong thirc (4.17) c¢6 dang

rli-1+H;_jafi-1]=0, ;. (4.24)
Boi vay khi trir (4.23) va (4.24) theo ting vé ta s& dugc

H; (afi]- afi - 1) = -1, ils;[i]
= ali-di-1)-FHr ) o] (4.25)

Ngoai ra, do Hi.; 1a ma trn dbi xung nén c¢6 JHi. ;= Hi_;J, trong d6 J 1a ma
tran reflection

0 - 1
1 .- 0

bai vay sau khi nhan ca hai vé ctia (4.24) véi J s& duoc

J:

JIrli-1]+JH; 1ali-1]=0; ,
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& rli-1)+H; Jdi-1]=0, ,
< rli-+Higgli-1]=0,,
no6i cach khac dang thirc (4.24) s& khong doi khi thay a[i—1] boi arfi—1] va
thay r[i—1] bang rr[i—1]. Suy ra

~HAr,li]=q,[i-1] (4.26)
Thé (4.26) vao (4.25) ta di dén

alil-dli-1]=a,[i 1] &[] (4.27)
va d6 chinh 1a cong thic (4.22a) phai chung minh.
Ta chuyén sang chirng minh (4.22b). Tir (4.27) va (4.19) duoc

HYRTA | S A R

Do s6 hang thir nhat & vé phai ¢ thé bién d6i thanh

H{Q[SIMHU z,m][g[jlq Hi-{g[ill—lﬂ 5

0 I REAO) ET[i(Q[i—l]] : J[{g[il—l]]

nén dang thirc (4.28) c6 dang

Kl _ I_{ii_l N i[gr[? ]Jai[i] (4.29)
[Qi] E?[i]é[g[il—l]] : 1 |

Tuong ty, ta 1am v6i s6 hang thir hai trong tong vé phai cua (4.29) s& cb

ST ali-
{28 ;{fj,%%%j% 0 e
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Mit khac, theo dinh 1y 4.3 thi tir (4.20) ta ciing c6 diéu tuong duong

()

Do d6 (4.30) tro thanh

i ali-1
H{g,[? 11Jai[i] - gl Uaim
1 K,

Thay (4.31) vao (4.29) ta di dén

[ %, } X, IT[i].[Qr[il_ 1]]
0

Oal=|  Qu  |¥  Gn jail]
Tty #
va tur day suy ra
K;=K;_y+r" [i].[g’ [i _lljai [i] (4.32)
va
0= 1 g Kinal) = 2T ) il (433)

Thay (4.33) vao (4.32) ta c6 duoc diéu phai chimg minh tht hai (4.22b):

K; =K; - K; (a;[i] Y

Nhu vay, dinh 1y 4.4 v6i hai cong thuc (4.22a), (4.22b) dd cung cap cho
ta kha ning xac dinh truy hoi cac tham sé ai[i], as[i], ... , ai_i[i] va Ki cua
(4.19) tir cac tham s6 a,[i—1], ao[i—1], ... , ai_[i-1], Ki_; cua (4.20) voi gia
thiét ring da biét ai[i] cua (4.19). No6i cach khac van dé con lai phai giai
quyét la di tim ai[ i].

Dé tim ai[i] tir cac tham sb ai[i-1], as[i-1], ... , ai_[i-1], Ki_; cua
(4.20), truée hét ta viét lai (4.22a) nhu sau:
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1 1 0

alil | | ali-1] a;_1li-1]
NES : +aili]
a;_1[i] a;_1[i-1] a[i-1]
& ] 0 1

K, 1 1 0
0 a;[i] a;[i-1] a;_1[i-1]
—Hi| : |=Hi| |+aililH| | (4.34)
0 a; 1] a;_1[i-1] a;li-1]
0 a;[i] 0 1
Nhung vi

Hl.:[HTi_l z,[i]j:[ry«» zT[i]J

ry il (0 il H,

trong do

ry(Ty) ry@T,)
rlil=| : |, rrli]l=|
ry(iTy) ry(Tg)

nén (4.34) c6 thé viét dugc thanh
K; 1 0

R e N T S
2] ) P | taili] W :
- ? a;_1[i-1] ri i1 | qfi-1]
0 0 1
! a;_1[i-1]
K\ || r i) 1]
0 [ . aLL1
| = a; 12— .
- 0 N A a;_[i-1] (4.35)
0 r,T[i] al[l'_l] H;, a~[iz—1]
ai—l[i_l] 1
Mt khac tir (4.20) ¢
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1 K
ay [l—].] 0

Hi_,
a;_1[i-1] 0
va v6i dinh 1y 4.3 cho trudng hop i—1 thay vao vi tri cua i, dang thic (4.35)
duoc bién dbi thanh

a;_1[i-1]
0 0 a;[i-1]
. : .. 1
: = : +
. : aili] .
0 i-1 :
0 ry(iTa)+ Zry [G-R)T,lapli-1] :
k=1 0
K; 4

So sanh riéng phan tr cudi cung cua hai vé ta dugc

0= r,GT,)+ i_zlry [G-R)T,)apli-1]+ ai[ i]1Ki_
k=1

i-1
ry (Ty) + kglry (G- k)T, lay[i-1]

K; 4

& aili]=-

va d6 chinh 1a cong thirc cho phép xac dinh ai[i] tir cac tham s a;[i—1],
ali-1], ..., aii[i—1], Ki_, da biét.
Trong trudng hop =0 thi tir (4.19) c6 ngay dugc Ky = ry(0).

Ta di dén thuat toan Levinson dé giai phuong trinh Yule—Walker (4.14)
nhu sau:

1) Gén K= ry(0).
2) Thuc hién céac budc sau cho =1, 2, ... , na.
a) Tinh ai[i] theo (4.36).
b) Tinh ay[i], az2[7], ... , ai_1[i] va Kitheo (4.22a) va (4.22b).

Thuat toan trén da duogc cai dat thanh ham Levinson() viét trén ngon nglr
C cho duéi day dé tham khao. Ham c6 hai bién hinh thuc 1a
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— con tro r chi diu mang r[] chira diy cac gia tri ham twong quan theo
thtr tu

r[0]=7(0), r[1]=ry(Ta), ... , rli]= ry(iTa), ...
— bién nguyén na chira kich thudc cua mang, toc 13 na+l (bic cua
phuong trinh).

Cac gia tri ai[nal, az[nal, ..., a, [n,] va K, tinh dugc s€ dugc ham dua ra
ngoai thong qua mang a[] theo thu tu

a[0]= K, , a[l1]= ai[na], ..., a[na]= q,_[n,].
Nhu vay mang a[] it nhit phai c6 na+1 phan tir. Ham tra vé gia tri nguyén 0
thong bao phuong trinh (4.14) gidi dugc, tirc 1a ma tran H, khong suy bién,
hodc 1 khi (4.14) khong giai dugc.

int levinson(double *r,int na,double *a)

{
int i,k.,j,ik,p=0;
double sum,save;
a[0]=r[0];
for (i=1;i<=na;i++)
{
sum=0;
for (k=1;k<i;k++)  sum=sum-+r[i-k]*a[k];
if (a[0]!=0.) a[i]=-(r[i]+sum)/a[0];
else {p=1; break;}
j=i/2;
for (k=1;k<=j;k++)
{
ik=i-k; save=alKk];
a|k]=save+tali]*a[ik];
if (k!=ik) a[ik]=a[ik]+a[i]*save;
}
a[0]=a[0]*(1.-a[i]*a[i]);
}
return(p);
}
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Vi du: Goi ham trén bang 1énh
k=levinson(r,na,a);

v6i cac gia tri dau vao na=2, r[0]=2, r[1]=1, r[2]=3, ta s& nhan duoc
k=0, a[0]=-2,6667, a[1]=0,3333 va a[2]=—-1,6667.

Thir lai ta thiy d6 1a két qua dung:

1 3 1 —2,6667
2 11 03333 |= 0 . o
1 2)(-16667 0

Dua vao chuong trinh Levinson() thudt toan xac dinh cac tham s6 a, K

w = N

theo phuong phap Yule—Walker c6 dang:

1) Xac dinh gia tri ham tu twong quan ry(mTa), m=0,1, ... , na bang ham
cor() da dugc trinh bay trong chuong 2, tir day gia tri {yk} do dugc cia
tin hiéu ra.

2) Goi ham Levinson() dé tinh a, K tur ry(mTa), m=0,1, ..., na.

Thuat toan trén da dugc cai dat thanh ham Yule Walker() viét trén C
cho sau day dé tham khao. Ham Yule Walker() c6 5 bién hinh thic, bao
gom:

a) Con tro y chi ddu mang y[] chtra céc gia tri yk, k&=0,1, ..., N—1.

b) S6 nguyén N chira d6 dai diy {yk}, tirc 1a chta chi s6 N.

¢) S6 nguyén na chtra bic mo hinh AR.

d) S6 nguyén bias xac dinh gia tri ham twong quan s& dugc tinh theo

cong thue bias (bias=1) hay unbias (bias#1).

e) Con tro a chi ddu mang a[] chtra két qua theo thir ty:

a[0]= K, , a[l1]= ai[na], ..., a[na]= q,_[n,].

Ham tra vé gia tri bao 18i bang 0 néu M<N hodc ma tran H, khong suy
bién. Ham s& tra vé gia tri 1 khi c6 16i. Haim khong lam thay ddi nodi dung
cua y[].

167



int Yule_Walker(double *y,int N,int na,int bias,double *a)

{
int k;
double *r;
r=new double[na+1];
if((k=cor(y,y,N,na,bias,r))==0)
k=levinson(r,na,a);
delete [] r;
return(k);

}
4.2.4 Phuwong phap dy bao diéu hoa va thuat toan Burg

Thuat toan giai tryc tiép phuong trinh Yule-Walker (4.14) dua vao
chuong trinh con Levinson() da trinh bay trong muc 4.2.3 can phai c6 mot
budc trung gian 1a nhan dang céc gia tri ham tuong quan ry(m7a), m=0,1,
..., na dé c6 duoc ma tran H, va diéu nay lam cho trong két qua thu dugc
c6 1an thém sai s6 tinh toan khong can thiét.

Nham tranh cac sai s6 thira d6, Burg di dya vao két qua cua hai dinh Iy
4.1 va 4.2 vé sai s6 du bao tuyén tinh xdy dung 1én mot thuat toan truy hoi
cho phép xac dinh nhiing tham sbai,a, ..., a,, va K cia mo hinh AR truc
tiép tlr cac gia tri tin hiéu do duoc ma khong can thong qua ham tuong quan.
Tuong tu nhu thudt toan Levinson, thuat toan Burg ciing tinh truy hdi céc
tham sb ai[i], ao[i], ... , aii[i] va Ki cia (4.19) tir cac tham sd ay[i—1],
ar[i-1], ..., ai_i[i—-1], Ki_; cia (4.20) theo cac cong thuc (4.22a) va (4.22b)
vi hai cong thirc truy hdi nay khong st dung gia tri ham twong quan ry(k7a).
Diém khac co ban so v6i Levinson 14 Burg khong tinh ai[i] theo cong thic
(4.36) ma dya theo tinh chit vé sai s du bao tuyén tinh cua phuong phap
Yule—Walker.

Dé tim ai[i] Burg dd dya vao hai dinh 1y 4.1, 4.2 phat biéu rang véi bd
tham s& ai[i], a[i], ... , ai[i] va Ki va xac dinh dugc theo thuit toan
Yule—Walker, gié tri trung binh cua binh phuong sai léch dy bao tuyén tinh
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efli]=y, - ¥} [i] (4.37a)
enli]= yn-i —vh-ili] (4.37b)
12 nho nhat. Ky kiéu i trong ngodc vudng cta ef[i], et[i] chi rang sai léch d6
1a tng véi md hinh bac i. Nhimg gia tri ngoai suy tiény/[i] va lui y/[i] tinh

theo cong thuc (4.15), (4.16) cho mo hinh bac i ¢6 dang nhu sau:

. z[b (4.38)
Al X sl (4:39)

Néu gia tri trung binh cta binh phuong sai léch M {

e,r;[iﬂ va M{

et [ﬂ la
nho nhét thi duong nhién tong
N-
0= efF +eLlF) (4.40)
cling nho nhat. Nhung trudc khi di tim diéu kién cho ai[i] d&é O nhén gia tri
cuc tiéu, ta s& tim mbi quan hé truy hdi giita ef[i], e2[i] va ef[i-1], [i-1].

Pinh ly 4.5: Giita e/[i], e2[i] va ef[i-1],e2[i-1] c6 quan hé truy hoi

a) elli|= elli-1]+q;fill ;i -1] (4.41)
b) epli]= epifi-1]+a;filef i -1] (4.42)
Chiurng minh:

Tir dinh nghia vé sai s6 du bao tuyén tinh 10i (4.37b) va gia tri duoc du bao
(4.39) c6

i-1
en 1li-1] =yni—yo-ili-1=yusi + Yapli-yn-iss
k=1
s+ Sapli-ly,s (thé k b i—k) (4.43)
k=1
Mit khéc, v6i (4.37a) va (4.38) cho cong thire dy béo tién thi

ef1-efi-1] = Laalbs - Seuli-1his
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~oilyn-i+ Zlerll-asli-1) s (4.44)

1

Thay hiéu ak{i] — ak{i—1] tir (4.22a) vao (4.44) duoc

[ []-efi-1]=a, [{yn_i e li-1] yj (4.45)

k=1
So sanh (4.43) véi (4.45) ta c6 diéu phai chimg minh (4.41)
ehlil-elli-1]=a[i]-ep 1 [i-1].
Cong thure (4.42) dugc chirng minh mdt cach hoan toan tuong tu. o
Quay lai cong viéc chinh 13 xac dinh ai[i] dé O c6 gia tri nhé nhit. Véi
dinh 1y 4.5, phiém ham O dinh nghia theo cong thirc (4.40) tré thanh
0="3 [saliPJefli 1P +bus i)+ el - 1ks 1]
hon nita, do Q 1a ham xac dinh duong nén dé O cuc tiéu thi can va du la

0=_99 =Nzl o el i~ 1P + &b 1 [iP )+ 4effi - 1k 1 -1]

da;li

~2'Y (el -1k fi-1)
= gli]= (4.46)

el -1 +ebifi-1P)

Nhu vy voi (4.22a), (4.22b), (4.41), (4.42) va (4.46) ta di c6 day du cac
cong thuc truy hdi dé xac dinh ai[i], as[i], ... , ai[i] va Ki tng véi md hinh
béc i tir cac tham sd a[i—1], as[i-1], ..., ai_i[i-1], Ki_; cua md hinh bac
i—1. Song dé xay dung thanh thuat toan hoan chinh con can phai c6 nhing
gia tri khai phat ef[o], e4[0] va K.

Khi /=0 thi v6i (4.38), (4.39) ¢6 v} =y2=0 va yn=K, un, do d6

eflo]=eb[o]=yn ,n=0,1, ..., N-1 (4.47a)

va
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N-1

Ko=m(0)=1 T 5} (4.47b)
k=0

Cubi cung, ta di dén thuat toan truy hdi nhu sau:

1) Xac dinh ef[o],e8[0] va Kotir {yn}, n=0,1, ..., N—1 theo (4.47).
2) Thuc hién cac budc sau lan luot véii=1,2, ..., n,

a) Tinh gli] tr ef[i-1],e5_,[i-1] theo (4.46).

b) Tinh o,fi] va Ki , k=0,1, ... , i theo (4.22a), (4.22b).

¢) Tinh ef[i],el[i], n=0,1, ..., N-1 theo (4.41), (4.42).

Thuét toan trén di dugc cai dat thanh ham Burg() viét trén ngon ngit 1ap
trinh C cho dudi ddy dé tham khao. Ham nay c6 cac bién hinh thirc sau:

a) Con tro y chi du mang y[] chira cac gia tri yk, k&=0,1, ... , N-1.

b) Sb nguyén N chua d6 dai diy {yk}, tic 1a chua chi sd N.

¢) S nguyén na chira bac mé hinh AR.

d) Con tro a chi ddu mang a[] chtra két qua theo thir ty:

a[0]= K, , a[l1]= ai[na], ..., a[na]= q,_[n,].

Ham tra vé gid tri bao 15i bang 1 néu khoéng tinh duoc ai[i] theo (4.46) vi
mau s bang 0 hodc tra vé gia tri 0 khi khong c6 15i.

Ham Burg() khong lam thay d6i ndi dung cta mang y]].

int Burg(double *y,int N,int na,double *a)
{ intik,j,ik;

double *ef,*eb,sum1=0.,sum?2;

ef=new double[N];

eb=new double[N];

for(i=0;i<N;i++)

{ efli]=ebli]=ylil;

suml=suml+y[i]*y[i];
}

a[0]=sum1/(double)N;
for (i=1;i<=na;i++)

171



{ suml=sum2=0.;
for (k=i;k<N;k++)
{ i7k-1;
suml=sum1l+ef[k]*eb[j];
sum2=sum2+ef[k]*ef[k]+eb[j]*eb[j];

}
if(sum2!=0.) a[i]=-2.*sum1/sum?2; else return(1);
j=ir2;
for (k=1;k<=j;k++)
{ ik=i-k;
suml=alk];
a|k]=suml+ali]*a[ik];
if (k!=ik) a[ik]=a[ik]+a[i]*suml;
}

a[0]=a[0]*(1.-a[i]*a[i]);

for (k=N-1;(k>i)&&(i!=na);k--)

{ i7k-1;
sum1=ef[k];
ef[k]=sum1+al[i]*eb|j];
eb[k]=ebl[j]+a[i]*sum1;

}

}
delete [] ef; delete [] eb;

return(0);

}
4.2.5 Kétluin

Muc 4.2.2, cu thé 14 hai dinh 1y 4.1 va 4.2, da chi r?mg bo tham s6 a; , az,
.. » a,, cua mo hinh AR lam cho phiém ham mo ta trung binh binh phuong

sai 1éch du béo tuyén tinh:

Or=Milef 1=

f2 .
v, —vL| | = min!,

b
Yn —Yn

va  Ob=M[|e} ] =M{

2 .
— min!,

dat gi4 tri nho nhét chinh 1a nghiém cta phuong trinh Yule—Walker (4.14).
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Tuy nhién diéu khang dinh d6 chi ding néu nhu tit ca cic gia tri ham
tuong quan ry(mTa), m=0,1, ... , na thu dugc 1a phai hoan toan chinh xac,
song diéu nay 1a khong hién thuc vi ban than ching ciing chi dugc nhan
dang (xap xi) tir ddy céc gia tri {yk}, k&=0,1, ... , N1 cua tin hiéu y(¢) do
duoc trong khoang thoi gian quan sat [0,7) twong dbi ngan. Chinh vi diéu
nay ma Burg da dua ra gidi phap nhan dang a1, a2, ... , a, khong thong qua
budc trung gian xac dinh ham twong quan bang cach cuc tiéu héa phiém
ham sai léch diéu hoa:

QBurg = Nil [[e,’;]z + [e,l;m —min!.

duoc xem nhu mot giai phap dung hoa cta hai diéu kién cuc tiéu.

Ngoai hai thuat toan trén con c6 mat sb thuét toan khac cling dugc st
dung khé phd bién dé nhan dang moé hinh AR nhu thuat toan Morf, thuat
toan Marple .... Nhiing thudt toan nay rat thich hop voi cac bai todn co
khoang quan sat 16n (s lwong 16n cac gia tri yk). Poc gia quan tim c6 thé
tham khao ching trong tai liéu [10], [11].

4.3 Nhan dang chi dong tham s6 mé hinh MA

4.3.1 Thay md hinh MA bing mé hinh AR twong dwong
Bai toan nhan dang chu dong tham s6 mé hinh MA phat biéu nhu sau:
khi d6i twong mo ta boi
G(2)=1+bz " +...+b,, 27" (4.48)

dugc kich thich cht dong bang tin hiéu 6n tring u(f) thoa man

mu=0 va Su(w) =K,
r bl
hay xé4c dinh cac vector tham s6 b =| : | cia mé hinh (4.48) va K cua tin

by,

hi€u vao u(?) tor day N gié tri do dugc {yk} , k=0,1, ..., N—1 cua tin hiéu ra,
sao cho sai 1éch gitra mo hinh va ddi tugng 13 nho nhat.
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Phai néi rang viéc xay dung mot cong thirc twong ty nhu phuong trinh
Yule—Walker dé tim b, K 13 c6 thé, song kha ning (mg dung clia n6 rat thap
do quan hé giita vector tham s b va sai 1éch dbi tuong/mé hinh c6 tinh phi
tuyén manh, sinh ra boi dac thu mo hinh MA. Chinh vi vay ta s€ khong di
tiép vao hudng giai quyét d6 ma tim cach sir dung lai nhimg thuét toan da
biét ctia nhan dang chi dong mo hinh AR phuc vu viéc nhian dang tham $6
md hinh MA. y tuéng nay c6 dugc trén co s& nguyén 1y ddi ngiu Markov
phat biéu nhu sau:

Pinh 1y 4.6: Vi mdi mot mo hinh MA (4.48) bao gid ciing ton tai mot mé
hinh AR tuwong duong bic vo han. Néi cach khac bao gid ciing ton tai

day vo6 han cac tham sdc1, ¢, ... saocho
ng 1
1+ Y b,z " =———— (4.50)
n=l 1+ Y e,z
n=1
Giira cac tham s6 by, b, ... , by, Va ci, C2, ... €O quan hé truy hdi
np-1 ,
Cring = 2Div1Cnyi » trong do n>1 (4.51)

i=0

Ta s& bo qua viéc ching minh dinh 1y trén va cong nhan chiing nhu diéu
hién nhién. Nhitng ban doc quan tdm c6 thé tim thiy phan chimg minh trong
cac tai liéu [10] hoac [12].

Dua theo dinh 1y 4.6 thi viéc nhan dang tham sé moé hinh MA s& duoc
thay thé bang cac thuat toan nhan dang tham s6 mo hinh AR di biét, tirc 1a
nhén dang cac tham sb ¢y, ¢, ....Sau dé tinh nguoc by, by, ... b, thcy, 2
, ... theo (4.51). Phuong huéng giai quyét rat rd rang nhu vay, song dé thuc
hién no ta s€ gap cac kho khan gi?.

Trudc mit ¢ thé thiy ngay duoc hai kho khin co ban sau:

— Mo hinh AR tuong duong c6 bac vo han, tuc la phai xac dinh vo han

cac tham sd ¢y, ca, ....

— Vigc tinh ngugc by, by, ... b, tircy, ¢z, ... theo (4.51) déng nghia véi

viéc tim nghiém cta hé phuong trinh c6 sé cac phwong trinh (n=1,2,
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...) nhiéu hon sd an sé by, by, ... ,b,, nén ta thuong gap phai truong
hop hé v6 nghiém.
Dé loai bo kho khin thir nhat, ta s& thay mo hinh AR bac v6 han b?mg
mot mo hinh AR béc hiru han s va cung vdi no6 (4.50) duoc sua ddi thanh

T (4.52)
n=l 1+ D e,z ™"
n=1

va do d6 phai chap nhin mot sai sb sinh ra boi su thay thé nay. Cung véi sy
thay thé do, day vo han ¢y, ¢, ... trd thanh day htru han ¢y, ¢z, ..., cs. Tat
nhién bac s cang 16n, sai s6 do sé cang nho.

bé tranh duoc kho khan thi hai ta c6 hai cach:
1) Chon s=2n,.Khi do voin=1,2, ..., n, s€ co dugc tur (4.51) diing »,

phuong trinh cho #, in b, wbay by, .
2) Chon s> 2n, . Vay thi khong thé sir dung (4.51) dé xac dinh by, b, ...

ybo, B C1, €2, ..., €5 . Ta s& tinh truc tiép by, by, ... ,b,, nhd (4.52), trong

d6 tham s6 ¢k dwoc xem nhu bang 0 khi k>s.

4.3.2 Thuat toan nhan dang cho truong hop s=2nb
Sau khi thay mo6 hinh MA (4.48) boi mot moé hinh AR tuong duong theo

cong thuc (4.52) va da xac dinh dugc cac tham s6 ¢1, ¢, ..., cs clia md
hinh AR tuong duong d6 cling nhu gia tri mat d6 phd K cua u(f) thi viéc
cubi cung phai lam 1a tinh bg tham s6 by, by, ... ,b,, cia m6 hinh MA tir cac
giatricy, ¢, ..., cs da tim duogc.

V6i gia thiét s=2n, ta co thé ap dung truc tiép cong thirc Markov (4.51)
dé tim by, b, ... ,by, ey, cay ..., s vikhi do s6 cac phuong trinh s€ dung

bang sb cac 4n s6. Viét lai (4.51) 1an lugt cho n=1, 2, ... , 2n, dugc:
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Cl CZ een Cn

b b
1 Cny+1
Co C3 Cnb+1 . _ nb (4 53)
b Co
Cnp+1 Cnp+2 7 Cony i "

va d6 chinh 1a hé phuong trinh tuyén tinh cho phép xac dinh by , b, , ...
,bnbtﬁcl, €2y een s Copy -

Ta di dén thuat toan thtr nhat:

1) St dung céc thudt toan nhan dang tham s6 mé hinh AR d4 biét nhu thuat
toan Levinson (muc 4.2.3) hay thut toan truy hdi cia Burg (muc 4.2.4)
déxac dinh ¢y, ca, ..., can, VA K tir day N gid tri do duoc {yk}, k=1, ...,
N-1 cuia tin hiéu dau ra.

2) Gidi phuong trinh tuyén tinh (4.53) d€ ¢6 by, by, ... ,b, it c1, ca,y ...
Cznb .

Chu y ring trong thuat toan vira trinh bay ta phai chip nhan sai sb do gia
thiét bac moé hinh AR tuong dwong 1a hitu han va ban than thuat toan khong

lam giam duoc sai s6 ndy. Riéng truong hop khi bac ciia mo hinh MA 1a nb
16n thi bac ciia AR tuong dwong 1 2nb ciing s& 10n, nén sai s6 d6 s& giam.

4.3.3 Thuit toan nhin dang cho truong hop s>2nb

Khi s> 2n, ta khong thé sir dung cong thirc Markov (4.51) dé xac dinh
truc tiép bi, by, ... b, txcy,c2, ..., cs. Thay vao do ta st dung (4.52).
Néu ky hiéu

BG)=1+ bz  va  CE)=1+ Scp e
n=1

n=1

ta s& thdy B(z) chinh la anh toan tir z cta day gia tri {1, by, ba, ... yby, VA
C(z)laanh zcua {1, c|, ¢z, ..., cs}. Do theo (4.52), tich ctia hai anh bang 1
B(2)-C(z) =1

nén tich chap cua hai day gid tri trén phai la ham dirac
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br¥en ~ 1 néu n=0
0 néu n=0

Suy ra

en+Sbye,p ~0v6i n>1. (4.54)
k=1

Ping thirc (4.54) chi thyc su ding khi mé hinh AR tuong duong co bac
v6 cung va cac tham sb ¢y, ¢3 ... 1a chinh xac. Nhung ¢ day moé hinh AR lai
¢ bac hitu han s va cac tham sd ¢1, ¢3 , ... , ¢s cua nd cling chi dugc nhan
dang bfing thuat toan Yule—Walker hodc Burg, tirc 1a cac gia tri ma ta c¢6 chi
1a nhimg gié tri xap xi. Noi cach khac

cn +§bkcn_k =en#0 vbéi n=>1
=1
trong d6 en 13 sai s6.

Boi vay mét thuat toan nao d6 xac dinh by, by, ... ,b,, thtcr, cay ..., C5 SE
dugc goi 1a tot nhit néu n6 mang lai gia tri trung binh ciia binh phuong sai
s& M{en®} nho nhit. Néu nhu ring trong bai toan vira néu ta xem 1, ¢y, ... ,
cs nhu 1a diy {yk} thi n6 s& chinh 14 bai todn dy bao tuyén tinh tién ma ta da
dé cép tai muc 4.2.2. Do dd, theo dinh ly 4.1, nghiém b, , by, ... ,b, phai
thdéa man phuong trinh Yule—Walker (4.14) véi vai tro day {yk} dugc thay
béng {l,c1,¢2,...,¢8}.

Ta di dén thuét toan tha 2 dé nhan dang tham s6 mo6 hinh MA nhu sau:

1) Chon s> 2n, . Ciing c6 thé chon s > 2n, .

2) Str dung céc chuong trinh nhan dang cht dong tham s6 mo hinh AR da
biét nhu Yule Walker() hay Burg() dé xac dinh ¢y, ¢z, ..., cs va K tir
day N gia tri do duoc {yk}, k=1, ..., N-1 ctia tin hiéu dau ra.

3) Sur dung cac chuong trinh nhan dang tham sé mé hinh AR

Yule Walker() hoic Burg() mét lan nita dé xac dinh by, b, ... by, T

day giatril,ci, ¢z, ..., CS.
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Duéi ddy 1a ham MA() viét trén ngdn ngir 1ap trinh C mo ta viéce cai dat
thuat toan vira trinh bay dé tham khio. Ham nay st dung ham con
Yule Walker() cho ca hai budc cua thuat toan, tic 1a vira dé nhan dang

tham s6 ¢y, ¢z, ... , ¢s cia md hinh AR cling nhu dé xé4c dinh b, , b, , ...

,by,, tr day gid tri {1, c1,c2, ..., 5 }.

Ham MA() c6 cac bién hinh thirc sau:

a)
b)
©)
d)

Con tré y chi ddu mang y|[] chira cac gia tri vk, k=0,1, ... , N—1.

S6 nguyén N chira do dai day {yk}, tirc 1a chira chi sb N.

S6 nguyén nb chira bic mé hinh MA.

S6 nguyén s chira bac mo hinh AR duoc thay thé tam thoi cho mé
hinh MA.

S6 nguyén bias xac dinh gia tri ham tuwong quan s& duoc tinh theo
cong thirc bias (bias=1) hay unbias (bias#1).

Con tré b chi dau mang b[] chira két qua theo thu ty:

b[0]=K , b[1]= b1, ..., b[nb]= b, .

Ham tra vé gia tri bao 16i bang 1 néu Yule Walker() co 15i hoic 2 khi

gia tri dau vao s cua s va nb cua nb khong théa man dieu kién s> 2n,.

Trudng hop khong c6 11, ham s& tra vé gia tri 0 va két qua dwoc luu giir
trong mang b[]. Him MA() khong lam thay d6i ni dung ciia mang y[].

int MA(double *y,int N,int nb,int s,int bias,double *b)
{ inti;

if (s<2*nb) return(2);

double K,*c;

c=new double[s+1];

i=Yule_ Walker(y,N,s,bias,c);

if(i==0)

{ K=c[0];
c[0]=1.;
i=Yule Walker(c,s+1,nb,bias,b);
b[0]=K;

}
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delete [] c;
return(i);

Chu y: Trong qua trinh xay dung thuat toan thir hai ta da khong st dung
gia thiét s> 2, nén chuong trinh MA() hoan toan van sir dung duoc cho ca
truong hop s=2n,. Thuc té tng dung di chi ring ngay ca khi s=2n, thi
MA() ciing cho ra két qua tot hon 13 ap dung truc tiép thuat toan thir nhat dé
gidi h¢ phuong trinh (4.53).

4.4 Nhan dang chi dong tham s6 mé hinh ARMA

Viéc nhan dang truc tiép tham s6 m6 hinh ARMA (4.10), trong do6 tin
hiéu dau vao u(f) dugc gia thiét 1a ngau nhién egodic véi

mu =0 va Su(w)=K

c6 thé néi 1a khong kha thi vi quan hé gitra ham sai 1éch Q ctia mo hinh—ddi
tuong voi cac tham sb mo hinh rat phic tap va mang tinh phi tuyén manh.
Tuy nhién sau khi da c6 cac thuat toan nhan dang tham s6 mo hinh AR va
MA, trong d6 vé thuc chét bai toan nhan dang MA ciing dd dugc chuyén vé
bai toan nhan dang AR tuong duong, thi viéc nhan dang m6 hinh ARMA
ciing s& don gian hon va c6 tinh img dung cao hon néu ta chuyén bai toan d6
thanh hai bai todn nhan dang AR va MA riéng bi¢t.

u(f)| Mo hinh | x(¢#)| M# hinh | ¥(?)
MA > AR —

Hinh 4.3: Chuyén bai toan nhan dang ARMA
thanh hai bai toan AR va MA

4.4.1 Nhin dang tham sé AR ciia mé hinh ARMA

Tuong tu nhu d4 1am & muc 4.2, ta nhan ca hai vé cia m6 hinh (4.10) voi
yn_; vé phia trai sau d6 1ap gia tri trung binh cho cé hai vé, s& dugc

ry(RT,) + nz a;ry (k= 0)Ty) =1y, (kT,) + nzbbiryu (B-i)T,).
i=1 i=1
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Do d6i tugng c6 hé s6 khuéch dai bang 1 nén néu goi gk=g(kTa) 1a gié tri
ham ham trong lugng ctia md hinh ARMA thi theo gia thiét (4.9) c6

K khi k=0

1 khi k=0 . _
gk—{ va ru(kTa) {0 Wbl B0

0 khi k<0
Nhung vi

Ty (RTy) =1y (—kT,) =1, (-kTy) * g, = i r(—iT)g i = Kg i

i=—00
nén
K khi k=0
ryu(kTa) =10 khi &>0
Kg_, khi k<0

Béi vay voi k>nb s€ dugc
ry(kT,) + %airy((k ~iyT,)=0. (4.54)
i=1

Tuy nhién (4.54) ciing chi 1a cong thirc gan dung. Ly do 1a cac gia tri
ry(kTa) cia ham tuong quan chi co thé 1 cac gia tri xap xi, ching c6 duoc
la boi ta da ap dung cac thuat todn nhan dang ham tuwong quan tr day {yk}
do dugc cua tin hiéu dau ra (vi du nhu v6i ham cor()). Néi cach khac

ry(kT,) + iairy((k ~i)T,)= ek #0

Béi vay cac tham sbay, ar, ..., ay, cin phai dugc xéac dinh sao cho gia
tri trung binh cta binh phuong sai léch M{en®} 12 nhé nhit. So sanh v&i
dinh ly 4.1 thi ¢ ddy a1, a2 , ... , a, chinh la nghiém cta bai toan
Yule—Walker tng voi cac gia tri dau vao ry[(nb+1)Tal, ry[(nb+2)Ta)l, --- ,

ry(MTua) thay cho diy {yk}, trong d6 M 1a s6 Lag ta da chon khi sir dung
thudt toan nhan dang ham tuong quan.

Ta di dén thut toan nhan dang tham s6 AR cua md hinh ARMA nhu sau:
1) Chon sé Lag M >>n, va st dung chuong trinh nhan dang ham tuong

quan cor() dé x4c dinh day gia tri r,(kT,), k=0,1, ... , M.

180



2) Sir dung cac chuong trinh nhan dang off-line tham sé mé hinh AR da
biét nhu Yule_Walker() hay Burg() dé xac dinh a;, as , ..., a,, tr ddy

cac gia tri ry[(nb+1)Ta], ry[(nb+2)Ta], --- , ry(MTa) cia ham tuong
quan.

4.4.2 Nhin dang tham s6 MA ciia mé hinh ARMA

Budc tiép theo sau khi da co cac tham s ai, as , ... , a,, la ap dung
chuong trinh nhan dang tham s6 mé hinh MA (vi du nhu MA()) dé tinh cac
tham sb by, b, ..., by, - Muén nhu vay ta can phai c6 cac gia tri cua tin hi¢u

dau ra x(¢) ctia khéi MA tuong tmg trong mo hinh ARMA (hinh 4.3) va tin
hiéu nay cling chinh la tin hi¢u dau vao cua khéi AR nén duoc xac dinh theo
(4.11), tac la

Xk=yp + 3 ayps (4.55)

i=1

Nhu viy viéc tinh cac tham s6 MA cua mo hinh ARMA s& gém hai
budc:

1) Xéc dinh day {xk} tir {yk} vaai, @z, ..., a,, theo (4.55)

2) 4p dung chuwong trinh MA() dé tinh by, b, ... , by, vOi day dau vao 1a
{xk}.
Nhung do diy {yk} c6 do dai la N nén diy {xk} ciing chi c6 thé c6 do dai
16n nhét 1a N+ n,, , trc 12 khi k>N+n, —1thi xk = 0. Ngoai ra do tong bén vé

phai cua (4.55) c6 dang mot tich chap cua hai day gia tri {1, aj, a2 , ...
, a,, }, vk} va anh Fourier cia mot tich chdp chinh 1a tich cta hai anh

Fourier nén ta c6 thé ap dung dft()dé tinh nhanh {xk} nhu sau
1) ap dung chuong trinh dft() dé tinh anh A(jkQ,) cta diy {1, a), a, , ...

, ay, } VA Y(kQ,) clia {yk} v6i Q= 12; .
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2) Tinh X(jkQ,) =A(jkQ,)- Y(7ACLy) .
3) 4p dung chuong trinh invdft() dé tinh nguoc xk tir X(kQ,).

Chu y: Tich X(jkQ)=A(kQ,)-Y(jkQ;) chi c6 vy nghia khi {A(jAC2y)},
{Y(jkQ,)} ¢ cing do dai A, trong d6 A 1a s6 nguyén dang lily thira 2 nho
nhat nhung khéng nhé hon N va na. Do N > na nén trude khi str dung dft()
& bude 1 ta phai thém cac phan tir 0 vao diy {1, a1, az , ..., a,, § sao cho
nhitng diy méi nay c6 ding N phan tir (xem thém ham dft() da gi6i thi¢u &

muc 2.1.7 trong chuong 2).

4.4.3 Thuit toan nhian dang tham sé6 mé hinh ARMA
Tong két hai phan trén lai ta c6 thuat toan chung dé nhan dang tham s

mod hinh ARMA nhu sau:

1) Chon s6 Lag M >> na va st dung ham cor() dé nhan dang ham tuong
quan, tuc la xac dinh day gia tri ry(kTa), k=0,1, ... , M.

2) Sir dung cac chuong trinh nhan dang chii dong tham s6 mo hinh AR da
biét nhur Yule Walker() hay Burg() dé xac dinh ay, az, ..., a,, tuddy
cac gia tri ry[(nb+1)Ta], ry[(nb+2)Ta], --- , ry(MTa) ctia ham tuong
quan.

3) Xacdinh day {xk} tu {yk} vaai, a2, ..., a,, truc tiép theo (4.55) hoic
c6 thé tinh nhanh theo cac budc:

a) Lap day {1, a1, ... ,a,,,0, ..., 0} b?mg cach thém cac gia tri 0 vao
cubi ddy sao cho diy méi c6 dung N phan tir.

b) Tinh dnh Fourier A(jkQ;) cua {1, a1, ... ,a,,, 0, ... , 0} va anh
Y(jkQ,) cua {yk} nho dft().

c) Lap tich X(jkC)y) =A(jkC2y)- Y(jKQy), k=0,1, ..., A-1.

d) ap dung invdft() voi diy dau vao {X(jk,)} dé tinh ngugc {xk} tir
{X(K€27)}
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4) ép dung ham MA() dé tinh K, by, by, ... ,b,, tir {xk}.

Mot ham ARMA() viét trén ngon ngit 1p trinh C mo ta viée cai dat thuat

toan trén duoc cho dudi day dé tham khao.

Ham ARMA() c6 cac bién hinh thirc sau:

a)
b)
©)
d)
e)
f)

g)

h)

Con tro y chi ddu mang y[] chira diy céc gia tri tin hidu {yk}, k= 0,1,
..., N—1 do duoc.

S6 nguyén N chira s cac gia tri yk, tirc 1a chira N.

S6 nguyén na chira bac cia da thire mau sb ctia md hinh, tic 13 na.

S6 nguyén nb chira bac cua da thirc tir s6 ctia md hinh, tirc 1a nb.

Sb nguyén s chira bic md hinh AR dugc thay thé tam thoi cho mo
hinh MA cta md hinh ARMA cén nhan dang.

S6 nguyén bias xac dinh gia tri ham tuong quan s& dugc tinh theo
cong thuc bias (bias=1) hay unbias (bias#1).

S6 nguyén M chira chi s6 Lag can thiét cho viéc nhan dang ham tuong
quan.

Con tr6 a chi dau mang a[] c6 d¢ dai na+1 chira két qua theo thu ty:
a[0]=1, a[l]=ay, ..., a[na]= q,_.
Con tré b chi ddu mang b[] ¢6 do dai nb+1 chira két qua theo thir tu:

b[0]=K , b[1]= b1, ..., b[nb]= b, .

Ham ARMA() tra vé gia tri bao 151 3 néu M > N, gia trj 4 khi khong thuc
hién duoc ham Yule Walker()va gia tri 1 hodc 2 khi ham MA() co 15i.
Truong hop khong c6 16i, ham ARMA() sé& tra vé gié tri 0.

Ham ARMA() su dung thuat toan Yule—Walker, tirc 1a ham
Yule Walker() cho budc 2) dé xac dinh ay, az , ..., a,, VO cac gia tri dau

vao ry[(nb+1)Tal, ry[(nb+2)Ta], --- , ry(MTa) thay cho day {yk}.
int ARMA(double *y,int N,int na,int nb,int s,int bias,int M,

double *a,double *b)
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{ intik,err;
double *x;
x=new double[N];
err=2+cor(y,y,N,M,bias,x);

if(err==2)
err=3+Yule Walker(x+nb+1,M-nb,na,bias,a);
if(err==3)
{ a[0]=1.;
for(k=0;k<N;k++)
{ x[k]=0.;
for(i=0;(i<=na)& &(i<=k);i++) x[k]+=a[i] *y[k-i];
}
err=MA(x,N,nb,s,bias,b);
}
delete [] x;
return(err);

}

4.5 Nhin dang bi dong tham sé6 mé hinh ARMA

Bay gid ta xét bai toan tong quat hon cho viéc nhan dang tham sb mo
hinh ARMA. D¢ 1a bai toan nhan dang bi dong (con goi 1a passive hay
on-line). Trong bai toan ndy, tin hiéu dau vao u(f) khéng duoc gia thiét 1a
da biét trude, nd co thé 1a mot tin hiéu bat ky va nhu vay dé nhan dang ta
phai do ca tin hiéu vao u(¢) 13n tin hiéu ra y(¢).

Bai toan duoc phét biéu nhu sau: Cho dbi twong mo ta boi mo hinh roi
rac, dugc gia thiét 1a tuyén tinh, dudi dang phuong trinh vi sai phan (4.1).
Tir cac gia tri d3 do dugc cua tin hidu dau vao 1a {uk} va cua tin hiéu dau ra
1a {yk}, k=0, ... , N, hdly x4c dinh cic tham sd K, ai, ... , a, Va by, ... , b,,
ctia md hinh (4.1) sao cho sai léch gitta md hinh va d6i twong 1a nho nhat.

l nhiéu
{uk} Doi twong {yk}

_r—’ ARMA

B(2) A(z)
Hinh 4.4: Nhan dang bj dong tham ~—

sb mo hinh ARMA. ‘[ { k}
e
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bé gidi quyét bai toan vira néu ta c6 hai cach:
— Nhén dang cic tham s6 K, ay, ..., a, va by, ..., b,, truc ti€p tir ddy céac

gia tri do duoc {uk}, {yk} sao cho tong binh phuong sai 1éch mé rong
gitta m6 hinh va ddi tuong 1a nho nhét (hinh 4.4).

— Chuyén vé bai toan nhan dang chu dong va sir dung céac thuét toan nhan
dang chu dong tham s6 mo hinh ARMA d4 biét.
4.5.1 Nhan dang bi dong khi cAc tin hiéu vao ra 1a tién dinh
Pé don gian, ta chuyén mo hinh (4.1) vé dang

80 + 512_1 et 5nb z " _ B(2)

G(z) = (4.56)

l+az 4o+ a,, 2z " Az)
Nhu vay thi so véi (4.1), trong (4.56) c6
E:Kbi V(’)'l l: O,l cee s Ny Vé bozl.

Dang tuong duong cua (4.54) viét truc tiép theo quan hé vao ra cua tin
hiéu trong mién thoi gian, 1a
Yt Yp1+ = tQp Yep, = gouk +Z;1uk—1 + o +gnbuk—nb (4.57)
M0 hinh (4.57) trén chi c6 thé dang néu nhu n(f)=0 va cac gia tri do duoc
{uk}, {yk} 1a chinh xac. Song vi khong c6 mot sy dam bao nio cho ring
diéu d6 thuc hién dugce nén trong thuc té gitra vé phai va vé trai ton tai mot
sai sd, tuc 1a
g np ~
Yht+ 20V F 2 biug
i=1 i=0
Ky hiéu sai s6 d6 1a ek, thi
np o

ek=y, + %aiyk—i -2 by (4.58)
i0

1=1
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Gia trj tong binh phuong sai 1éch mé rong khi d6 duoc viét thanh:
N 9 N ng np 2
0= Yei= 2 |yp+2ypi~ 2bup (4.59)
k=ng, k=ng, i=1 =0

trong d0, dé ¢ thé chi nhing gi tri uk, yk di do dugc trong khoang k= 0,1,
... , NV, tham gia vao thuat todn nhin dang thi ek phdi c6 k=na , ... , N va
nhu vay diéu kién dé ung dung dugc thuat toan s€é la N > na .

Bai toan nhdn dang bay gio dugc phat biéu nhu sau: Trén co sé quan sat

cac tin hiéu vao ra, hdy xac dinh ay, ... ,q,, va by, ... ,b,, sa0 cho O— min.

Viét lai (4.59) véi cac ky hiéu vector

-y
y Ing-1 Yo Un, ° Uny—ny
ng —Qa y y u . u _
y =| : , ]_)= gna , M= r:za ) :1 n(?+1 ng :nb+1 (460)
Iy 0 : . : :
: YN-1 " YN-n, UN T UN_p,
b,
ta s€ duogc

0= (X_MB)T(Z_MB): XTZ _ZTMP_ETMTy_i_ pTMTMp

Gia thiét thém ma tran vudng S=MTM khéng suy bién, vy thi
O=y"y—y™ "MTy + (MTy-Sp)"> ' (MTy-Sp).
dang thirc trén ¢ thanh phan thir ba bén vé phai 1a thanh phan duy nhét
chira vector p phai tim. B61 vy, do S xdc dinh dwong nén Q s€ nhan gia tri
nho nhit khi va chi khi
0=MTy-Sp <& p=8'MTy (4.61)

va d6 chinh 13 cong thirc xac dinh cac tham s6 cia md hinh ARMA. Ta di
dén thuat toan:

1) Léap vector y vama tran M, S theo (4.60) tir day cac gia tri {uk}, {ykj},
k=0, ..., N da do duogc cua tin hiéu.
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2) Kiém tra tinh khong suy bién ciing nhu tinh x4c dinh dwong ctia ma tran
S.

3) Tinh vector p cua tham s6 mo hinh theo (4.61). C6 thé sir dung ham
cholesky() da trinh bay trong chuong 3 dé giai hé phuong trinh tuyén
tinh nay.

Chii y: Trong khi vector tham s6 pCo s6 chiéu c¢d dinh 1 na+nb+1 thi s6
chiu ctia ma trin M va vector yphu thudc vao s6 mau tin hiéu trich dugc.
S6 lwong mau tin hi¢u trich dugc cang 1on, khoang thoi gian quan sat tin
hiéu s& cang rong, luong thong tin thu dwoc vé ddi tuong cang nhiéu, song
chiéu ctia ma tran M va vector ycling vi thé ma cang ting kéo theo sé luong
cac phép tinh phai thyc hién 16n, 1am cho sai s6 tinh toan ciing 16n. Béi vay
ta can phai chon khoang thoi gian quan sat khong nén qua ngan nhung ciing
khong qua 1au va két qua nhan dang s& phu thudc dang ké vao khoang thoi
gian quan sat tin hiéu dugc chon. Ngoai ra thuat toan trén khong c6 kha
nang loc nhiéu nén chi c6 thé tmg dung cho céc bai toan nhan dang ma su
anh huong ctia nhidu vao ddi tugng 1a khong dang ké va co thé bo qua dugc.
Ciing nhu vay thuat toan cling s€ khong st dung dugc khi tin hiéu vao/ra la
nhirng tin hi¢u ngiu nhién.

Néu goi sij v6i i,/ =1,2, ..., na+nb+1 1a cic phan tir cia S=MTM thi tir
(4.60) co:

(N—na+1)-ry((i—j)Ta) néu 1<j<i<n,
SIf ={(N =n, +1)-1,,((i— j—ny, ~DT,) néu 1< j<n, <i<n,+n,+1
(N -n,+1)-1r,(G- )HT,) néu ng<j<is<ng+ny+1

trong do ry(mTa), ryu(mTa), ru(mTa) 1a gid tri ham tuong quan duogc xac

dinh theo cong thirc bias (2.45) va (2.46) va Ta la khoang thoi gian trich

mau tin hiéu. Ciing nhu vay néu ky hiéu ki v6i i =1, 2, ..., na+nb+1 1a
nhimg phan tir cia vector k=M T y thi:
k.:{(N—na+1)~ry(iTa) néu 1<i<n,

(N -ng+1)-1,,((—n, -DT,) néu n, <i<ng+ny+1
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Hai cong thirc ndy 1a cong cu dé xay dung diy gia tri ddu vao cho ham

cholesky() khi cai dat thuat toan trén. Ham online_d() viét trén ngdn ngit

1ap trinh C cho dudi day 1a mot vi du vé viéc cai dit thuat toan nhan dang bi

dong tham s6 mo hinh ARMA khi cac tin hiéu vao ra 14 tién dinh.

Ham online_d() st dung thém ham cor() phuc vu vi¢c thuc hién hai cong

thtre tinh sij , ki , j< i=1,2, ..., nat+nb+1 va co cac bién hinh thire sau:

a)

b)

©)
d)
e)
f)

Con trd u chi ddu mang thuc u[] chira diy cac gia tri {uk}, k=0,1, ...
, N do duoc cua tin hiéu vao.

Con tré y chi diu méang thuc y[] chtra day cac gia tri {yk}, k=0,1, ...,
N do duoc cua tin hiéu ra.

S6 nguyén N chira s6 cac gia tri tin hiéu do duoc, tic 1a chira N+1.

Sb nguyén na chtra bac na cia da thirc mau sb ctia mé hinh.

S6 nguyén nb chira bac nb cia da thic tir s ciia m hinh.

Con tré p chi ddu mang phirc p[] chtra tham s6 tim dugc theo thuc tu
p[0]=-ai, ..., p[na-1]=—a, , p[na]= b, ..., p[natnb]= 5, .

Mic du tham sb a, b md hinh chi la nhitng s6 thuc, song dé tién cho
viéc su dung ham cholesky() ching duoc khai bao ¢ day la cac gid tri
phirc. Phan 4o ciia két qua néu khac 0 ¢ thé duoc xem nhu sai sd tinh
toan cua chuong trinh.

Ham tra vé gia tri bao 18i # 0 khi N<na+nb hodc ham con cor() hay

cholesky() c6 151, truong hop nguoc lai s& tra vé gia tri 0. Him online_d()

khong lam thay ddi noi dung hai mang u[] va y[].

int online_d(double *u,double *y,int N,int na,int nb,complex *p)

{

if(N<=na+nb) return(1);
int n=na+nb+1,i,j,q,l,err;
double *ru,*ruy,*ryu,*ry;
complex *s;

ry=new double [na+1];
ru=new double [nb+1];
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ruy=new double [nb+1];
ryu=new double [na+1];
s=new complex [n*(n+1)/2];
err = cor(y,y,N+1,na,1,ry)+cor(u,y,N+1,nb,1,ruy);
err += cor(y,u,N+1,na,1,ryu)+cor(u,u,N+1,nb,1,ru);
if(err==0)
{ for(i=1;i<=n;i++)
{ q=i*(i-1)/2-1;
pli-1]=(i<=na)? complex(ry[i]):complex(ruy[i-na-1]);
for(j=1;j<=i;j++)
{ if(i<=na) s[q+j]=complex(ry[i-j);
else if(j<=na)
{ I=i-j-na-1;
s[qt+j]=(1<0)? complex(ryu[-1]):complex(ruy(l]);
}
else s[q+j]=complex(ruli-j]);
}

}
err=cholesky(n,s,p);

}
delete[]ru; delete[]ruy; delete[|ryu; delete[]ry; delete[]s;

return(err);

3
4.5.2 Nhan dang bi ddng vé6i cac tin hiéu vao ra l1a ngiu nhién

Xét bai toan nhan dang bi dong tham s6 md hinh ARMA véi céc tin hiéu
vao/ra 1a nhitng ham ngau nhién. Khong mat tinh tong quat néu gia thiét
thém rang u(7), y(¢) va nhiu 1a nhimng tin hiéu c6 phan tinh bang 0. Khi do,
sau khi nhan ca hai vé cua (4.57) v6i v6i un_, , i 1ap gia tri trung binh ca
hai vé, s& duoc

Tuy (MTy) + éairuy((m -iT,) = é&ru (m-i)T,) (4.62)

Hai phuong trinh (4.57) va (4.62) nhu vay la tuong duong, trong do vi tri
yk va uk trong (4.57) nay da dugc thay thé boi ruy(mTa) va ru(mTa). Do do,
néu ta 1y luan dang nhu da 1am véi (4.57) dé di dén (4.61) thi khi xuat phat
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tir (4.62) ciing s& duoc cong thic xac dinh cac tham sb a, ... ,a, Va

By, ... by, theo nguyén tic cuc tieu héa tong binh phuong céc sai léch nhu

sau:
o
ol iy (10 T,)
Ay g =T (4.63)
: Fuy(NT,)
5,
Ty (g —DT,) - Ty (0) rgTy) e 1y (g —ny)Ty)
Wi el w0 @) Rt DT (g g+ DT)
ruy((N'_l)Ta) vy ((N=n)T,)  n,(NT,) - 1, (N-np)T,)

va cudi cung, ta c6 dugc thuat todn (dang tho):

1) St dung chuong trinh cor() dé tinh gié tri cac ham twong quan ruy(mTa)
va ru(mTa) tr nhitng gia tri tin hi¢u do duogc.

2) Xéc dinh cac tham sé ay, ... ,a, V& b, ... ,b,, bang cach giai hé phuong

trinh (4.63). Ta c6 thé st dung chuong trinh cholesky() d3 gi6i thiéu
trong chuong 3 dé giai hé phuong trinh nay.

Viéc ap dung thuan tiy thuat toan trén dé xac dinh tham sb thuong din
t61 két qua co sai s6 1on. Ly do nim & sai s6 nhan dang ham tuong quan
ruy(mTa) va ru(mTa) tr N+1 gia tri tin hiéu thu dwoc {uk}, {yk}, k=0,1, ...,
N. Nhu d4 trinh bay trong chuong 2 thi sai sd trong ruy(mTa) va ru(mTa)
cang 16n khi chi sé m cang cao. Boi vay dé loai trir nhitng sai s6 ndy, ta nén
ap dung lai viéc dung sd Lag M trong khoang 5%-+20% cta N+1 sb cac gia
tri tin hiéu nhan dugc nham han ché sy tham gia tiép tuc cua nhitng gia tri
ruy(mTa), ru(mTa) co sai s6 10n (chuong 2, muc 2.2.1). Noi cach khac ta s&
chi st dung trong phuong trinh (4.63) nhiing gia tri ruy(m7Ta), ru(mTa) céd
chiso m=0,1, ..., M.

ap dung chi s6 Lag, phuong trinh (4.63) tr& thanh:
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—a
o (T
MT M) 5”” =mT : (4.64a)
? Tuy(MT,)
by,
voi
ruy((na_l)Ta) ruy(o) r,(ngTy) r,((ng —np)T,)
= Tuy(ngTy) Tuy(Ty) r,((ng +1T,) -+ r,((ng,—ny+1)T,)
ruy((M_l)Ta) ruy((M_na)Ta) ru(MTa) ru((M_nb)Ta)
(4.64b)

Ta di dén thuat toan dang tinh nhu sau:
1) Chon sb Lag M >>n, va st dung chuong trinh nhan dang ham tuong
quan cor() dé xac dinh day gia tri ruy(mTa) va ru(mTa) , m=0.1, ... , M.
2) Xay dung ma trin M theo (4.64b) va kiém tra tinh khong suy bién cua
MTM).

3) Gidi hé phuong trinh (4.64a) d¢ xac dinh ay, ... ,a, va &, ... .5, .

Thém nita, thuat toan nay s& khong bi anh huong bdi nhiéu n(7) tic dong
tai ddu ra néu nhu nhidu d6 khong twong quan vdi tin hiéu dau vao, vi khi
do co rnu(7)=0.

Nhu vdy, thudt toan trén hoan toan twong ty nhu ham online d(). Diéu
khac biét duy nhat ¢ day 1a vai tro cta diy {uk}, {yk}, k=0, ..., N nay duoc
thay bang ruy(mTa), ru(mTa), m=0,1, ..., M.

Ham online_s() cho dudi ddy minh hoa viéc cai dat thuat toan. Ham c6
cac bién hinh thirc:

a) Con tro u chi dau mang thuc u[] chtra day céac gié tri {uk}, k=0,1, ...

, N do duoc cua tin hi€u vao u(z).
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g)
h)

Con trd y chi diu mang thuc y[] chta ddy cac gia tri {yk}, k=0,1, ...,
N do dugc cua tin hi¢u ra y(7).

Bién nguyén N chtra s6 céc gid tri tin hiéu do duogc 1a N+1.

Bién nguyén M chira chi sé Lag 1a M.

Bién nguyén bias xac dinh gia tri ham tuong quan s& dugc tinh theo
cong thirc bias (bias=1) hay unbias (bias#1).

Bién nguyén na chita bac na cua da thirc mau s ctia mé hinh (na > 0).
Bién nguyén nb chira bac nb cua da thirc tir sé cia mé hinh (nb < na).

Con tré p chi ddu mang phirc p[] chtra tham sb tim dugc theo thuc tu

pl0]=—ai, ..., p[na-1]=—a, , p[na]= by, ..., p[na+nb]= 5, .

Thuc chét cac tham s6 m6 hinh ay, ..., > b, ... ,b, chila ph?m thuc

b
cua pl]. Phan 4o cua pl] co thé dugc xem nhu sai sb tinh toan cua
chuong trinh.

Ham online_s() st dung thém hai ham con cor(), online_d(). Ham bao

16i bang gié tri tra vé # 0 khi cac ham con nay c6 18i, truong hop nguoc lai

s& tra vé gia tri 0. Ham online_s() khong 1am thay doi noi dung hai mang
uf] va y[I.

int online_s(double *u,double *y,int N,int M,int bias,

{

int na,int nb,complex *p)

if((na+nb==0)||(na<nb)) return(-1);

int err;

double *ru,*ruy;

ru=new double[M+1];

ruy=new double[M+1];
err=cor(u,u,N+1,M,bias,ru)+cor(u,y,N+1,M,bias,ruy);
if(err==0) err=online_d(ru+na-nb,ruy,M,na,nb,p);
delete [] ru; delete [] ruy;

return(err);
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4.5.3 Chuyén vé bai toan nhin dang chii dong

Trong cac muc 4.2, 4.3, 4.4 ta da lam quen voi cac thuat toan nhan dang
chu dong tham sé mo hinh AR, MA va ARMA khi tin hiéu dau vao u(?) 1a
on trang, tic 13 tin hiéu ngiu nhién c6

mu=0 va Su(w) = hang sd.
Muc dich chinh ctia muc nay 1 tim cach tng dung nhing thuét toan da biét
d6 dé nhan dang bi dong (con goi 1a truc tuyén/online) tham s mo hinh
ARMA

n,

-1 _
1+bz +-~-+bnbz b =KB(Z)

G(z) =X =

U(z) 1+ alz_1 +o anazfn“ Az)’

(4.65)

cho mét tin hiéu vao u(f) ngiu nhién bat ky.

Néu u(7) 1a mot tin hiéu bat ky thi nhu ngay & chuong 1 md dau da noi,
anh z cta no ¢ thé mé ta duoc béi:

U(z) = gf; ()

trong do
C@)=1+ez +vep 2, F@)=1+fiz vt fr 2

va U(z) 14 anh z cta tin hiéu () On tring c6 my=0 va S;(w)=1 (hinh 4.5).
Khi d6 bai toan nhan dang bi dong tham s6 m6 hinh ARMA s& dugc chuyén
vé bai toan nhan dang chu dong voi cac budc nhu sau:

1) Nhan dang cac tham s6 m6 hinh ¢y, 2, ... ,¢, ,f1,/2, ... s g va K cua

tin hiéu ngau nhién dau vao u(7) tir ddy cac gia tri {uk}, k=0,1,..., N
do duogc cua nd béng cac thuat todn nhan dang chu dong da biét.

2) Xem mo hinh K g(z) cta tin hiéu diu vao nhu mot khau méc ndi tiép

4

ngay sau ddi tuong K f; EZ ; can nhan dang (hinh 4.5), thi tin hiéu dau

Vao 5(¢) cua K== E ; s& dong thoi 1a tin hiéu ra cia d6i tugng khi d6i
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tugng dugc chu dong kich thich b?mg tin hiéu On tréng a(¢). Xac dinh
day cac gia tri {y, } tr {yk}, k=0,1, ..., Nvamd hinh K?E ; theo cong
thire

Ve +F1Vk-1+ - + o Yion, = K +erFpor + - +Cncykfnc)
3) Xécdinhay, as, ... ,a,, ,bi, b2, ... b, VA K clia K§EZ> tr day {7, }
bang cac thuat toan nhan dang chu dong (off-line) da biét.

Nhu vay diéu kién dé co thé ap dung duogc thuat toan trén la thong tin
A—priori phai cho ta biét thém béc nc , nf ciia md hinh tin hiéu dau vao
hodc it nhit ciing phai nhan dang dugc chung trude khi dp dung thuat toan.

n trdng L R C(2) _”. K B(z) _y’
F(z) A(z)
Hinh 4.5: Chuyén bai toan on-line L -
thanh offline. ontrang u | - B(2) | ¥ | 2 C@ R
Az) F(z)

Do mé hinh ARMA cua ddi twgng va tin hiéu vao 1a dang tong quat cia
cac md hinh AR, MA nén tuy theo cac diéu kién cho trudc cua thong tin
A—priori khic nhau vé bac cia mé hinh dbi twong ciing nhu cia tin hiéu vao
u(t) ma ta s€ c6 duoc nhirng hinh thirc khac nhau cua thuat toan vira néu. Vi
du:

a) Thuat toan AR AR néu nc = nb = 0, tic 1a tin hiéu vao u(f) va d6i

tuong c6 cung mod hinh AR.

b) Thuit toan AR MA néu nc = na = 0 hay mé hinh tin hiéu vao u(7) 1a

AR con md hinh ddi tuong 1a MA.
¢) Thuat toan AR_ARMA néu nc = 0 tic 1a tin hidu vao u(f) c6 md hinh
AR con d6i tuong c6 md hinh ARMA.
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d) Thuat toan MA_AR néu nb = nf= 0, n6i cach khéc tin hiéu vao u(f) c¢6
mo hinh MA con md hinh déi tugng 1a AR.

e) Thuat toan MA_ MA néu na = nf =0, tic 1a ca tin hiu vao u(f) va d6i
tuong déu mo6 ta duge bdi mo hinh MA.

f) Thuat tooan MA_ARMA néu nf = 0, hay ca tin hiéu vao u(f) va ddi
turong déu mo ta dwgc bai md hinh MA.

g) Thuat toan ARMA_ AR néu nb = 0, ttc 1a tin hiéu vao u(f) c6 md hinh
ARMA con mé hinh dbi tuong 1a AR.

h) Thuat toon ARMA_ MA cho truong hop tin hi¢u vao u(¢) c6 mé hinh
ARMA con dbi teong c6 mo hinh MA (na = 0).

i) Thuat tooan ARMA ARMA cho trudng hop cé tin hiéu vao u(f) va ddi
tugng cung c6 mo hinh ARMA.

Hai dang b) va d) c6 nét dac biét riéng. M6 hinh chung cuia tin hi¢u vao
va dbi twong & nhitng dang nay 1a mot mo hinh ARMA c¢6 kich thich dau
vao 1a tin hiéu on tring, trong d6 ban than ting da thuc tir s6 hay mau s 1a
mot md hinh. Do d6 véi nhiing bai todn c6 md hinh chung dang AR MA
hay MA_AR nhu véy thi xac dinh day cac gia tri dau ra {3, } 1a khong can
thiét.

Sau day ta s€ minh hoa vi¢c cai dat cac budc cua thuat toan trén cho dang
c), tuc 1a cho mo6 hinh chung dang AR ARMA. Nhiing dang con lai ctia
thuat toan c6 thé duoc cai dat mot cach tuong tu.

Gia str thong tin A—priori con cho biét thém rang tin hiéu vao u(f) mo ta
duoc boi

U= — K&
L+f ™ + o+ 2 4

trong d6 U(z) 1a anh z cta tin hiéu #(@) on tréng c6 my;=0va S;(w) =1, thi

cac bude cua thuat toan chung néu trén s& dugce chi tiét hoa thanh:

1) Nhan dang tham sb f5, ... s [y VA K tir ddy cdc gid tri {uk}, k=0,1, ...,
N do dugc cua u(t) nho ham Yule Walker() hodc Burg().
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2) Xacdinhday {¥,} tr {yk}, k=0,1,... , Nvafy, ... ,fnf,I? theo cong

thirc

Ve +hiyp-1+ - +fnfyk—nf =Ky

3) Xac dinh cac tham s6 a1, aa, ... ,a,,, b1, b2, ... ,b,, va K cia m hinh

dbi tuong tir ddy {7, } nho ham ARMA().

Thuat toan chi tiét nay da duoc cai dat thanh ham AR_ARMA() cho
dué6i day dé tham khao. Ham sir dung ham con Burg() cho budc 1 va co cac

bién hinh thtc sau:

a)

b)

g)

h)

)

k)

196

Con tré u chi dau mang thyc u[] chtra day gia tri {uk}, k=0,1,... , N
do dugc cua tin hi€u vao u(?).

Con tro y chi dau mang thuc y[] chua day gia tri {yk}, k=0,1, ..., N
do dugc cua tin hi€u ra y(¢).

Bién nguyén N chtra s cac gia tri tin hiéu do duoc 1a N+1.

Bién nguyén nf chira bic nf ctia mé hinh tin hiéu vao u(?).

Bién nguyén na chtra bic na ctia da thirc mau sé mo hinh ARMA cho
d6i tuong.

Bién nguyén nb chita bac nb cta da thic tir s6 mé hinh ARMA cho
d6i tuong.

S6 nguyén s chira bic md hinh AR dugc thay thé tam thdi cho mo
hinh MA cta md hinh ARMA cho ddi tuong can nhan dang.

S6 nguyén bias xac dinh gia tri ham tuwong quan s& duoc tinh theo
cong thirc bias (bias=1) hay unbias (bias#1).

S6 nguyén M chtra chi s6 Lag can thiét cho viéc nhan dang ham tuong
quan.

Con tré a chi ddu mang a[] c6 d6 dai its nhat 1a max{na,nf}+1 chia
két qua theo thir tu:

a[0]=1, a[l]=ay, ..., a[na]= q,_.

Con tré b chi ddu mang b[] c6 do dai nb+1 chira két qua theo thir tu:



b[0]=K, b[1]= by, ..., b[nb]= 5, .

Ham AR_ARMA() tra vé gia tri bao 18i 3 néu M>N, gia tri 4 khi khong
thuc hién duoc ham Burg()va gia tri 1 hodc 2 khi ham MA() c6 16i. Truong
hop khong c6 18i, ham sé tra vé gia tri 0.

Ham AR_ARMA()khéong 1am thay d6i ndi dung hai mang u[] va y[J.

int AR_ARMA(double *u,double *y,int N,int nf,int na,int nb,
int s,int bias,int M,double *a,double *b)
{
int i,k,err;
double *x,K;
x=new double [N];
err=3+Burg(u,N,nf,a);
if(err==3)
{
K=a[0];
a[0]=1.;
for(k=0;k<N;k++)
{
x[Kk]=0.;
for(i=0;(i<=nf)& &(i<=k);i++) x[k]+=a[i]*y[k-i];
x[k]=x[k]/K;
}
err=ARMA(x,N,na,nb,s,bias,M,a,b);
}
delete [] x;
return(err);

3

Cau héi on tap va bai tap

1. Chung minh ring néu hang sé K cia mo hinh AR bic na 1a mot sb
duong va dugc xac dinh theo thudt toan Yule—Walker thi n6 s€ chinh 1a
gi4 tri trung binh binh phuong sai 1éch nho nhét:

Yn _yrfz‘

) . 2 , &
le”l: min M|: :|: K, trong do y,’i = —zakyn—k .
k=1
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Tir két qua bai 1 nguoi ta thay khi bac cia md hinh AR 13 na ciing 1a
mot tham s6 can nhan dang thi na c6 thé duoc xac dinh sao cho K 1a mét
s6 duong cang nho cang t6t. Hay cin ctr vao cong thic (4.22b)

Ki= Ki_ - q;[iP)

cling nhu tinh truy hdi cua thuat toan Levinson hodc Burg dé xay dung

mot thudt todn nhan dang bac na cho mo hinh AR.
Thuat toan nhan dang chu dong tham s6 mé hinh MA trinh bay tai muc
4.3.3 ¢6 bdn cach cai dat, phu thudc vao viéc chon ham Yule—Walker()
hay Burg() dé thyc hién budc 2) va 3). Him MA() d3 giéi thiéu ¢ muc
4.3.3 chi 1a mot trong 4 cach cai dat d6. Hay viét nhitng chuong trinh thé
hién céc cach cai dat con lai va so sanh két qua thir nghiém véi ham da
cho MA().
Cung voi 4 cach cai dat thuat toan nhan dang tham s6 md hinh MA da
noéi tdi trong bai 3, ¢ thudt toan nhan dang chu dong tham s6 mo hinh
ARMA (muc 4.4.3) ta ciling s€ c6 8 cach cai dat (do c6 thém hai cach luya

chon & buéc 2 cho viéc nhdn dang tham s6 a1, a2 , ... , a,, theo

Yule—Walker() hay Burg()). Hiy viét nhiing chuong trinh thé hién cac
cach cai dét con lai.

Véi nhitng tin hiéu ngu nhién egodic phtrc u(f), y(£) ngudi ta dinh nghia
ham tuong quan nhu sau:

T
rup(9) = Mlz@y(t+0 ] = lim % [@(@y(t +0)de
-0 _r

a; ]

va do d6 ruy(7) cling 1a ham phuc. Goi g[i] =| : | la vector nghi¢m
a;[i]

phirc ctia phuong trinh Yule—Walker ¢ bac 13 i (4.19) v6i cac phan tir

phirc ruy(7). Ching minh rang:

a) Nghi€ém a[i] cling thoa man
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1
b) Gilta nghiém a[i] cia phuong trinh Yule—Walker bac i va a[i—1] bac
i—1 ¢6 mdi quan hé

ak[i] = ak[i-11+ ai[ila,_, [i-1]  v6i k=1,2,...,i-1.

¢) Giira sai 1éch du bao tuyén tinh phirc ciia mo hinh bac i 14 e/ [i], el [i]
va ctia mo hinh bac i—1 1 e/[i-1],e2[i-1] c6 quan hé truy hdi

el [i1= el [i-1]+a;lile}_1[i-1].
eSli1= el y[i-11+alilef[i-1].

6. Hay dwa vao két qua cia bai 5 dé xdy dung thuat toan Levinson giai
phuong trinh Yule—Walker phtre, tic 1a ma trén H, co cac phan tir phtrc
a;

ry(mTa) va vector nghiém @ =| : | cua nd cling la vector c6 nhiing

ana
phan tr ai phirc.

7. Ciing dya vao két qua clia bai 5 cAu ¢) ma chimg minh ring tham s6
phtec ai[i] cia mé hinh AR béc i 1am cho phiém ham sai 1éch diéu hoa

0=5 (k-]

n=ng,
c6 gia tri nho nhat s€ 1a

—ZNZ_‘I(M-eZ,I[i—u)

a;li1= 5=
=

3 (e,{[i—1]2+e,’;_l[i—1]2)

8. Theo két qua bai 5, cau c) va bai 7 hiy xay dyung thuat toan truy hdi xac

dinh cac tham s6 phtrc ai, a2, ..., a,, cho m6 hinh AR khi tin hi¢u vao
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12 ham ngAu nhién phtc u(¢) kiéu on tring (mu= 0, Su(w)=1) trén co s&
do tin hi€u ra y(¢), tic 1a trén co s¢ day gia tri {yk}, k=0,1, ..., N—1.
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5  Nhirng ky thuat bo tro
5.1 DFT thoi gian ngin (SFT)

Trong cac chuong 2, 3 va 4 ta da lam quen véi nhitng phuong phap nhan
dang c6 st dung k¥ thuat DFT d& xur Iy phd tin hiéu do dwoc nham loai bo
anh huong cua nhidu va dé c6 dugc gia tri ham twong quan hodc mat d6 phd
tin hiéu. Ky thuat DFT nay c6 m{t nhugc diém 1a chi ap dung dugc sau khi
da co du cac gia tri tin hiéu x(k7a), k=0,1, ... , N-1 trong mot khoang thoi
gian quan sat [0,7) du 16n. Néu khoang thoi gian quan sat (thoi gian do) tin
hiéu qua ngin, ta s& khong c6 du luong thong tin can thiét cho viéc phan
tich pho, song néu thoi gian do qua 1au thi ta s& 1am mat tinh thoi gian thuc
ciia phuong phap, hon nita khi kéo dai thoi gian do mat tin hiéu ngau nhién
ta dd vo hinh chung gia thiét rang d6 1a tin hidu ngiu nhién dimg
(stationary) ma diéu nay khong phai lac nio ciing dugc théa mén.

Phuong phap SFT (viét tat ctia tir tiéng Anh Short time Fourier
Transformation), hay con goi 1a phuong phap DFT thoi gian ngén, trinh bay

sau day sé& khéc phuc dugc nhugc diém trén cua DFT kinh dién. Pic biét
nira, phuong phap SFT nay con thudng duge sir dung dé nhan dang cac ddi
tugng c6 tham s mo hinh thay di theo thoi gian.

5.1.1 Tu twédng cia phwong phap

Muc dich ctia nhian dang phé tin hiéu 1a két qua mat do phd Xa(jw) thu
dugc phai phan 4nh mot cach ddy du toan bd thong tin tan sb c6 trong tin
hiu x(#) trén toan by khoang thoi gian 0<¢<oo:

Xa(jw) = ixke‘jkTa“’ , xk=x(kTa).
k=0

Nhung 1am thé nao dé dat dugc muc dich d6 trong khi khoang thoi gian
quan sat lai bi khong ché boi T. Tét nhién rang ta khong thé di theo huéng
nhu da lam & chuong 2 1a chd doi cho t6i khi ¢6 duge hét tit ca cac gia tri
xk , k=0, ... , o0 10i méi tinh Xa(jw) ma phai suy nghi téi mot hudng giai
quyét khac. Hudng dau tién c6 nhiéu kha nang phu hop 1a img dung ky thuat
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truy hoi bang cach chia toan bo khoang thoi gian 0<t<co thanh nhiing
khoang quan sat [mz, mr+T), m=0, ... , o roi tit nhitng gia tri xk do duoc
trong khoang quan sat thir nhit [0,7) ta tinh ngay phd X!(jw)va né dugc
xem nhu 1a gia tri xdp xi dau tién ciia Xa(jw). Tiép theo voi cac gia tri tin
hiéu xk do duoc trong khoang quan sat ké sau [z, 7+ 7) ciing nhu X1(jw) da
c6 ta hiéu chinh lai X!(jw) thanh X2(jw) theo nghia X2(jw) gan Xa(jw) hon
S0 VGi X1(jw), trong d6 7 1a mot gia tri thoa man 0<z<T (hinh 5.1). Tiép
tuc, tir xk trong khoang [27, 27+7) va X2(jw) ta lai hiéu chinh X2(jw) thanh
X3(jw) ... . Kéo dai qua trinh truy hdi d6 dén vo han ta sé& duoc diy

{X!(jw)} thoa man
lim X', (jw) = Xa(j w) (5.2)
va do chinh 1a tu tudng cua phuong phap SFT.

Khoang quan

,  satthbba
—
Khoang quan |
! sat tht hgi ! '
Khoang qu:@n 1 1 |
1 satthe nhat ' ' ! t
Hinh 5.1: Cac khoang quan sat tin hiéu cho 1 1 : 1 >
5. | ! .
tirng bwéce truy hoi. 0 r T 2t T 2¢+T

5..2  Thuit toan SFT véi ham cira s6 Bartlett
Dé biéu dién (5.1) dudi dang truy hoi trudc hét ta xem x(7) trong (5.1)
nhu tich ctia chinh né v&i ham cura s6 1y tudng we(7)
xX(t)=wu(t)x(1) Vol we(f)=1
r0i tim cach biéu dién w.,(¢) thong qua cac ham ctra s6 wi(z) khac ¢o
supp wi(¢)=[0,T7),

(muc 2.1.6) ung voi tung khoang quan sat [mz, mr+T), m=0, ... , 0. Mt
trong nhiing cach biéu dién nhu vay voi ham Bartlett wy(f) dugc mé ta trong
hinh 5.2. Khi d6
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Wolf) = i wz(t—m%).

Suy ra

)= ¥ w-"0x(0) = x(kTa)=xk z woe-"y1,) (53)

m=—w

T
Wool?) 4 wat)  WAE=) wa(-T)
1 > —
Hinh 5.2: Xay dwng ham clra s6 ly >
twdng thong qua ham Bartlett. 2 T £
2 2

Thay (5.3) vao (5.1) va 7=NTa duogc

Xa(jw) =Y S { ZkaZ((k——)T) A

k=0
L [ |
=X Im w2<<k——>T ) | /¥Ta
e
Vi wa(£)=0 khi ¢ ¢[0,7), tirc 13 w,( _%m) = 0 khi k<™ va k>7+ N.

Trong tong thir hai ta thay q=k—% s€ co

-J mN Ty

Xa(jo)= 3 |'Sx wwname el 2
m=-o| qg=0 a0 9

(5.4)

Néu goi {x*} la day gia tri tin hiéu {xk} trong khoang quan sat thu m, tirc
la trong khoang [mE,(m + 2)5), dd dugc nhan voi ham ctra s6 Bartlett nhim
giam sai s 10 ri:

~m

Xg=x anwa(Ty), q=0,1, .o,N—1
q+——
2
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thi (5.4) viét dugc thanh

. 2 (N re | e 2o i
Xa(jow)= Y. zoxqe ale © 2 = YX(jwe 2 (5.5)
m=-w| g= m=—w
trong do
~ N-1 T
X (jo)="y &me iTu (5.6)
q=0
1a anh Fourier cta ddy N phan tir 150 = %N > Sy s T N 1}.
mN>*mN mN
2 2

Cong thirc (5.5) chinh 14 cong thic truy hoi xac dinh diy { X’ (jw)} thoa

man diéu kién (5.2) voi

. .mT . .mT AT
. i - —j—ow i-1 —-j—o ~ -J—
Xo(jo) = 2XJ(jwe 2 = YX['(joe 2 TX,(joe *2
m=—w m=-w
T,
= X.(o)=X (o)t Xi(joe 2 . (5.7)

Néu str dung ham fft() dé tinh nhanh cong thirc (5.6) ta s& c6 thuat toan

nhan dang
X(jnQ) =T, X (jnQ)
theo cong thirc truy hdi (5.7), trong d6 Q=]\2I—; , nhu sau:
1) Dit gi4 tri khéi phat X;'(jn@)= 0, n=0,1, ... ,N—-1 va Q= 13; .

a

2) Thuyc hién cac budc sau ung véi khoang quan sat [iz, iz+7),i=0, 1, 2,

a) Do tin hiéu x(¢) trong khoang thoi gian [%, @ +22)T ) va goi ddy gom N
cac gia tri nhan duoc 1a {«} }= {x;y, %y s Ty }.
—_— —+

—+N-1
2 2 2

b) Nhan timg phan tir ctia ddy trén voi ham ctra s6 Bartlett wy(7) xac dinh
trong khoang thoi gian 0<¢<T theo cong thirc
Tc,i=xk Nwo(RT,) k=0,1, ..., N-1
LN
2
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va goi day moéi la { % }={%{,xl, ... ,Xx_, }.
c) Sur dung fft() dé tinh { X.(jnQ)}, n=0,1, ... ,N~1 clia diy {z }.
d) Tinh Xi(jnQ)=X."(jnQ) + XL (jn)e "7, n=0,1, ... ,N-1.

e) Cho ra két qua X(jnQ) =T,X.(jn2), n=0,1, ... ,N—1 va d6 dugc xem

nhu két qua truy hoi tai bude thir i cho anh Fourier ctia x(7).

5.1.3 Thuit toan SFT véi mét ham cira s6 bat ky

Thuat toan vira néu hoan toan c6 thé mé rong ra cho mdt ham cua s6 w(?)
bat ky chir khong phai chi riéng cho ham Bartlett w,(7). Vi mot ham cira s6
w(?) nao do, xac dinh trong khoang [0,7) va ngoai khodng nay dugc xem
nhu bang 0

w(t)=0 khi ¢¢[0,7)
thi ham w.(f) dugc biéu dién thong qua w(¢) nhu sau

wo(t) =K iw(t—mf) ,

trong d6 7 dugc goi la bude truogt, tirc 1a budc ma cac khoang thoi gian

quan sat tin hiéu [mz, m+T), m=0, ... , oo truot doc theo truc thoi gian.

Van dé dit ra & day 1a budc truot 7 va hing s6 K phai thoéa méan diéu kién
gi dé co
K Sw-mr=1 véimoit (5.8)

va dé tra 101 cau hoi nay, trudc hét ta ching minh dinh 1y sau:
Pinh ly 5.1: (Cong thirc Poisson) M4t tin hiéu x(f) c6 anh Fourier X(jw)
luén théa man

ix(t—mr)z

m=—o0

§X< jnQ,)e 4t véi Q;ZT”. (5.9)

1
Tn=—w

Chitng minh: Néu goi s«f) 12 ham ring luoc véi khoang cach bude ring 7,
tuc 1a
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sdf)= S6(t-mo)

thi theo dinh ly 2.2 da duoc trinh bay & muc 2.1.4, n6 s€ c¢6 anh Fourier
S(i®)=Q: 35@-n0,).

Mit khéc, néu xem vé trai cta (5.9) 1a ham m¢ rong biéu dién day cac gia tri

cua x(f) dugc trich mau vai thoi gian trich mau «

Zx(t mr)= Z jx(t ts(t'-mr)dt' = x(1)*s (1)

ta s€ duoc
Zx(t mr)—— IX(J(U)S (jw)e' dw

—(22— T X(jo) icS(a)—nQ,)ej”Tda)

n=-wo

=1 i T X(jo)e!” 5(w - nQ do
T n=—o0_c

-1 iX(an,)ef”Qf’. (d.p.c.m.) 0
T e

n=-—w

Bay gid ta quay lai bai toan tim diéu kién cho 7 va hing s6 K dé c6 (5.8).
Theo dinh 1y 5.1 thi (5.8) s& dugc thoa man néu

= YW(n0)e T = —

n=-w

& = W(O)+ ZW(JnQ Ye AT | =

1
= (5.10)

n=—ow
n#0

trong d6 W(jw) 1a ky hiéu chi anh Fourier ciia ham cira s6 w() co supp
w(t)=[0,T) da chon.

Gia st ti€p rang w, 1a tan so gidi han cua W(jw), tuc la

| W(jo)|=0  khi|o|>w:
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(hoic it ra khi |@ >, ¢6 | W(jw)| @i nhd dé co thé bé qua duge) thi khi
chon budc trugt 7thoa man

Q>0 o Z>¢ (5.11a)

D

cling nhu chon hang s6 K voi

_ T
K_W(O) (5.11b)
s€ duoc
Woo(£) =K iw(t—mr) =_—| W)+ ZW(]TLQ Ye T _—W(O)Z 1.

n=0
Ta di dén két luan:
Pinh Iy 5.2: Néu ham ctra sé w(?), t[0, T) dugc chon ¢6 | W(jw) | ~ 0 khi
|| >, thi v6i budc trugt 7thoa man (5.11a) cling nhu hing s6 K thoa

man (5.11b) s€ co

Wo(t) =K iw(t—mr)z 1.

Sau khi da c6 ham w(?), ta thay vao cong thuc DFT tinh anh Fourier cua
x(f)

Xa(]a)) — z —jwkTa =K zkam(kTa)e—jOJkTa
k=0 k=0

—Kz x,{ zw((k mD)T, )}e Jo kT,

trong d6 D 13 s6 nguyén 16n nhat thoa man DSTL , 101 d6i vi tri hai du tong

a

sé€ co

Xa(j w) =K i {ika((k—mD)Ta )}‘J‘w +Ta

k=0

m=—x

Nhung vi w(t)=0 khi t£[0,T) nén
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© mD+N -1 .
Xa(j w) =K Y { > xpw((k - mD)T, )}eﬂ”kTa
m=-wo| k=mD

o [N-1 .
K z |:zxk+mDW(kTa):le_lw(}HmD)Ta

m=-w| k=0

trong d6 N 1a s6 nguyén nhé nhét thoa man N ZTE .

Néu xem céc gia trj tin hiéu {2 3 ={%mp s Xmpi1s -+ » Xmpin-1 ) dO duge
trong khodng quan sat thr m, tic 1a trong khoang thoi gian [mz, mr+T) va
da duoc nhan véi gia tri ham cira s6 w(kTa) 1a day

{30 1= { 2mpw(0) s %1 (Ty) s - s Tppsn (N -DT,) }.

thi cong thirc trén tré thanh

Xa(j w) =K i |:N1§ke—j(I)kTa:|e—jmeTa
m=—ow| k=0
L 27 . o
. © |N-1 -jkn— | -jmnD—
= Xa(jnQ))=K > | Y xe N}e N
m=-w| k=0

trong d6 @=nQ = JZan . V6i ky hiéu

a

va
) m |N-1 —Jkn2— —jnlD2—”
XP(n)= > | Y xpe N ole N

cong thirc trén tré thanh cong thic truy hoi

nDz—”

1 Sm-1 —Jjm
Xy (jn)= Xg' ™ (jnQ)+ Xg' ™ (jnQ)e N
thoa man diéu kién
K lim X[ (jnQ)= Xa(jnQ)) & KT, lim X' (jnQ)= X(jnQ).
m—o© m—®

Ta di dén thuat toan:
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1) Chon mét ham cira sd w(?), t€[0,T).
2) Chon budc truot 7théa man (5.11a) va hing sb K thoa man (5.11b).

3) Dat gid tri khoi phat X;'(jn@) =0, n=0,1, ... , N-1 va Q= 13; -

a

4) Thuec hién lan luot cac bude sau cho timg khoang quan sat tin hiéu [m z,
mr+T), m=0,1,2, ...

a) Do tin hiéu x(¢) trong khoang thoi gian [mz, mr+T) va goi diy gom N
cac gia tri nhan duoc 1a { " }={x,p, %mp 115 -+ » XmpiN-1)-

b) Nhan timg phan tir ciia ddy trén v6i ham cira s6 w(7) theo cong thirc
X =xp, mpwkT,), k=01, ..., N-1.
va goi day méi la {x* }={z5", 5", ... , ¥, }.

c) Sir dung fft() dé tinh { X7*(jne) }, n=0,1, ... ,N-1 clia day {z"}.

d) Tinh X7(jnQ)=X""1(jnQ)+ X an)eijmnD%, n=0,1, ... ,N-1.

e) Chora két qua X(jnQY) =KT, X! (jnQ), n=0,1, ... ,N—1 va d6 duoc xem

nhu két qua truy hoi tai bude thir m cho anh Fourier ctia x(7).

Diéu kién chon 7 cho trong (5.11a) chinh 14 tiéu chuan Shannon d3 noéi
t6i tai muyc 2.1.5, dinh 1y 2.4, nhung & day 1a ung véi gia tri tan s6 giéi han
o, ctia w(f). Noi cach khéc, khi ap dung SFT ta phai sir dung tiéu chudn
Shannon hai lan: mdt 1an cho thoi gian trich mau tin hiéu Ta va mot 14n nira
cho buéc truot cira sd quan sat tin hi¢u 7.

Thuat todn trén da duoc cai dat thanh chuong trinh sft() viét trén C cho
dudi day dé tham khao. Chuong trinh sft() nay cé céc bién hinh thirc:

a) SO nguyén m chira chi s6 khoang quan sat tin hiéu [mz, mr+T).

b) Sb nguyén w chita chi s6 ham ctra s6 wi(f), 0<i<7 (muc 2.1.6). Néu
ndi dung ciia w 1a mot sd ngoai khoang [0,7], ham sft() s& sir dung
ham ctra s6 wo(?).
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¢) S nguyén D chira hé s6 D cia bude truot 7, tirc 1a 7= DTa.
d) S6 nguyén Nexp chita s6 mii Ity thira 2 ctia d¢ dai ddy tin hiéu {x}

do duogc, trong khoang [mtz, m+T), tic 1a do dai day tin hi¢u s& phai
1a N=2NeP,
e) S6 thuc Ta chira chu ky thoi gian trich mau tin hiéu 7a.

f) Con tré x chi dau méang s6 phirc x[] chira cac gia tri «}*, k=0,1, ..

N-1 theo thu tu x[0]=x,.p, X[1]=%,ps15 --- » XIN-1]=x,,p,y_1- Sau
khi chuong trinh sft() duoc thuc hién xong, ndi dung ciia mang nay sé
duoc thay béi cac gia tri anh Fourier { X7'(jn) }, n=0,1, ... , N-1 cua
day {x }, trong d6 %" =x}, npw;(kT,), k=0,1, ..., N-1.

g) Con trd X chi diu mang sd phuc X[] chira cac gia tri dau vao
X 1(jnQ) . Sau khi chuong trinh sft() dugc thuc hién xong mang nay

s€ chura day két qua X7 (jnQ), n=0,1, ..., N—1.

void sft(int m,int w,int D,int Nexp,double Ta,complex *x,
complex *X)
{ intik,p,N=pow(2,Nexp);
double s,T=Ta*N;
complex e;
k=N/2;
for (i=0;i<=k;i++)
{ s=tw(w,Ta*(double)(i-k),T);
x[i]=x[i]*s;
\ if((i>0)& &(i!=(p=(N-1)))) x[p]=x[p]*s;
fft(Nexp,x);
for(i=0;i<N;i++)
X[i]l=X[i]+x[i]*exp(complex(0.,-M_PI*2*D*m*i/N));
3

5.1.4 ng dung dé nhian dang md hinh c6 tham s6 thay ddi

Céc thuat toan nhan dang mo hinh ddi twong dugc trinh bay trong quyén
sach nay phﬁn 16n déu dya vao viéc phan tich phé tin hiéu. Chéng han toan
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bo cac thuat toan noi toi trong chuwong 2 vé viéc nhan dang mé hinh khong
tham s6 dé di toi cong thirc (2.52) nhan dang gia tri duong dic tinh tan
{G(jnQ,)}, n=0,1, ... , M
G(nG;) = S0
S, (nQ2y)

hoan toan dugc xdy dung trén co s&é nhan dang ham mat do phé Su(j w),
Suy(jw) tr cac gia tri tin hi€u quan sat dugc. Cling nhu vay, nhitng thuat
toan nhan dang tham s md hinh néi téi & muc 3.2 thudc chuong 3 dua chu
yéu vao md hinh khong tham s da co, tirc 1a dya vao diy {G(in€,)},
n=0,1, ... , M. Boi vay néu nhu nguoi ta nhan dang truy hdi duoc cac gia tri
G(jnQ2;) sao cho sau mdi khoang quan sat [mz, mr+T), m=0, 1, 2, ... ching
lai dugc hi¢u chinh cho phu hop va chinh xé&c hon thi cung véi n6 cac thuat
toan trén s€ trd thanh nhiing thuat todn nhan dang mo hinh ddi tuong theo
nguyén tic truy hdi va sau timg khoang quan sat [mz, mz+T), m=0, 1, 2, ...
mo hinh d6i tugng hién c6 lai dugc hiéu chinh dé c6 dugec mot mé hinh mai
chinh xac hon. Nhiing thuét toan nhan dang truy hoi mé hinh déi twong nhu
vdy c6 rat nhiéu y nghia tmg dung cho nhiing d6i tuong ¢ tham sé thay doi.

Van dé con lai 13 1am sao chuyén dugc thuat toan nhén dang ham mat do
phd Su(jw), Suy(jw) di co6 & chuong 2 (ham nonpar()) sang dang truy hoi?.
Cau tra 101 1a dya vao k¥ thuat SFT véi ham sft() da duoc cai dat trén C tai
muc 5.1.3.

Trude hét ta chimg minh dinh 1y sau:

Pinh 1y 5.3: Ham mat d6 pho dinh nghia theo cong thirc Wiener—Chitchin
dang roi rac
27

~ N- —-jnm
Suy(jngl)zTa Zl?uy(mTa)e ! A (5.13&)
m=-N+1

v6i A 1a s6 nguyén lily thira 2 nho nhat nhung khéng nhé hon 2N-1 va

N—‘m‘—l ~ o .

~ 1 O N néu nhan dang bias

7, (mT )~ — u , = N 5.13b
w(mle) p kgo kktm p {N —m néu nhan dang unbias ( )
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- _|up n€u0<k<N-1
P lonuN<k<i-1

~ _ | nétu0<k<N-1
Tk OnéfuN<k<i-1

trong d6 uk, vk, k=0,1, ... ,N—1 l1a nhiing gia tri do dugc cua tin hiéu
u(?), y(f) trong khoang thoi gian [0, T) v6i chu ky ldy miu Ta (T =
NTa), Q, :,127” , A 1a s6 nguyén lity thira 2 nho nhat nhung khong nho
hon 2N-1, ¢6 thé duoc tinh theo cong thirc Periodogram nhu sau
§uy(an/1):Eﬁa(anﬂ)};a(anﬂ), n=0,1, ... -1 (5.14)

p

vGi U,(jn2;)1a anh Fourier cua ddy {#,} va Y,(jnQ,) la anh Fourier

cuaday {7, }, k0,1, ... ,N—1 thu dugc nho fft().

Churng minh: Thay (5.13b) vao (5.13a) c6
~ T N-1 N—‘m‘—lN - 7jnm2—”
Suy(an/I):_a Z Z ULYE+m€ 4 (515)
m=-N+1 k=0

tiép theo doi vi tri hai dau tong véi su trg gitip cua hinh 5.3 biéu dien mién

lay tong duoc

P p=o| m=tk

=
5

- ) T N-1 N-1-k —jnmzf
Suy(-]an): = z UrYE+m€ 4

k=N-m-1

v

Hinh 5.3: Mién lay tdng clia cong thirc -Vl N-1

xac dinh ham mat do phd (5.15). Nem1
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Ye+me€

. L2 . 2
TaN 1 Jnk7 N-1 k~ —Jn(k+m)7
m=k-N+1

- —J T, = &~ ,.
> ye i J:?aUa(‘]nQﬂ)Ya(_]nQ/l)

va d6 chinh 1a diéu phai ching minh.
Sy (n2;)

u 132,

Dua vao dinh 1y 5.3 va cong thic G(jnQ,) = ta thay viéc nhan

dang duong dic tinh tin G(jw) c6 thé duoc thyc hién truy hoi thong qua k§
thuat SFT ap dung cho ca hai tin hi¢u u(¢), y(¢) nhu sau:

1) Chon ham cira s6 w(?), t€[0,T), budc truot 7 theo (5.11a), hing sé K
theo (5.11b).

2) Dit gia tri khoi phat T, (jnQ,)=Y;1(jnQ,) = 0 cho tit ca cac chi sb
n=0,1, ..., -1, trong d6 Q, =2~
AT

a

, A 13 sb nguyén liy thira 2 nho nhét

nhung khong nhé hon 2N-1 va N=Tl v6i Ta 1a chu ky trich mau.

3) Thuc hién lan luot cac budce sau cho timg khoang quan sat tin hiéu [m z,
mr+T), m=0,1,2, ...
a) Do tin hiéu u(?), y(¢) trong khoang thoi gian [mz, mr+T) va goi day

gom N céc gia tri nhan dugc la

{umDaumD+19 cee s UpmDyN-1 }
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{ymD sYmD+15 +++ > YmD+N-1 }
b) Nhan tung phén tir cia hai day trén v6i ham ctra s6 w(¢) sau dé gan

thém céc gid tri 0 sao cho mdi dy c6 ding A phan tir:

{171? }:{ume(0)5umD+1w(Ta)a ey umDJerlw((N_]-)Ta)JO, 50}
{y}ren }:{yme(O)aymDJrlw(Ta)’ cee ymD+N—1w((N_1)Ta)707 70}
k=0,1, ... ,A-1.

c) Sir dung fft() dé tinh {T™(jnQ,)} cia diy {ay} clng nhu
{Y(jinQ;) } cuaddy {5 }.

d) Tinh
. 2
my —gyrm-1, - ym-1, - _JmnDT
Ug' (jnQy) =U, " (jnQ,) UL " (jnQ,)e
. 2z
my - —ym-1,: om-1, - 7jmnD7
Y7 (jnQy) =Y (jnQ ) Y T (jnQ e
e) Tinh

G(jnQy) = 2wl _Ya' im0y 1 _ gy g
Su(nQ},) U(rzn(JnQ/l)

va do la gia tri ham truyén dat da duogc hi¢u chinh tai khoang quan sat
thta m .
Mot phﬁn thuat toan trén da dugc cai dat thanh ham renonpar() viét trén
C cho duéi day dé tham khao. Ham renonpar() c6 cc bién hinh thuc sau:

a) S6 nguyén m chira chi s6 khoang quan sat tin hiéu [mz, mz+7).

b) Sb nguyén w chira chi s6 ham cira s6 wi(f), 0<i<7 (muc 2.1.6) dung
dé truot khoang quan sat tin hiéu. Néu noi dung cia w la mot )
ngoai khoang [0,7], ham renonpar() s& sir dung ham cira s6 w(?).

¢) S6 nguyén D chira hé s6 D ctia budc trugt 7, tirc 1a 7= DTa.

d) S6 nguyén Nexp chira s mil liiy thira 2 ctia d6 dai day tin hiéu
{umDy}, {ymD.;} do dugc trong khoang thoi gian quan sat tin hi¢u
[mz, mr+T) la N.
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e) Con tré u chi dau mang thuc u[] chua cac gia tri umD.y , k=0,1, ...
N—-1 theo thir ty u[0]= umD, u[1]= umD.4, ... , u[N-1]= umD.y_;.

f) Con tro y chi dau mang thuc y[] chta cac gia tri ymD.y , k=0,1, ...
N-1 theo thtr tu y[0]= ymD, y[1]= ymD+,, ... , yIN-1]= ymD.y_,.

g) Con trd U chi diu mang sd phuc U[] chira cac gia tri dau vao

3

2

{Urt(jnQ;)}. Sau khi chuong trinh renonpar() thuc hién xong
mang nay s€ chira {U(jnQ,) }, n=0,1, ... ,A-1.

h) Con tré Y chi dau mang s phirc Y[] chia cac gia tri dau vao
{Uur-t(jnQ;)}. Sau khi chuong trinh renonpar() thyc hi¢én xong
mang nay s€ chira { Y"(jnQ,) }, n=0,1, ... ,N—1.

i) S6 thuc Ta chira khoang thoi gian trich mau tin hiéu Ta.

j) Con tré G chi dau mang s6 phirc G[] chtra két qua {G(jnQ,)}, n=0,1,
cer s N—1.

void renonpar(int m,int w,int D,int Nexp,double *u,double *y,
complex *U,complex *Y,double Ta,complex *G)
{

int k,N=pow(2,Nexp);

complex *x;
x=new complex|N];
for(k=0;k<N;k++) x[k]=complex(u[k]);
sft(m,w,D,Nexp,Ta,x,U);
for(k=0;k<N;k++) x[k]=complex(y[k]);
sft(m,w,D,Nexp,Ta,x,Y);
for(k=0;k<N;k++) G[K]=Y[Kk]/U[K];

delete [] x;

5.2 Noi suy

Nh¢ lai thuat todn nhan dang G(jnQ2,), n=0,1, ... ,2M da trinh bay trong
muc 2.3.1 ma & d6 G(inQ;) dugc tinh gian tiép thong qua Su(nQ,),
Suy(jnQy;), n=0,1, ... ,A-1 theo cong thirc (2.53), ta thiy thuét toan chi co
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thé cho ra dugc cac gia tri gan dung cua ham dic tinh tin G(jw) trong
khodng tan s tir 0 dén

_2@M +1)x
@Mr1)Q, =220t

Lam thé nao dé mé rong khoang tan sb nay. Co thé thiy ngay ring chi c6
mot giai phap 13 1am nho 7z, tic 1a ting tan s6 trich mau tin hiéu.

Nhung trong thuc té, do han ché cua ky thuat hodc do tbe do xu ly cua
thiét bj khong cho phép, ta khong thé chon dugc Tz du nho dé c6 thé thu
dugc mot két qua do c6 @ phan giai nhu y mudn. & nhing trudng hop nhu
vay nguoi ta thudng ap dung phuong phap ndi suy tin hiéu. Diéu nay co
nghia 1a sau khi do tin hi€u vao hodc ra dugc goi chung la x(¢) va c6 dugc
day N gia tri x(kTa), k=0,1, ... , N—1 cua nd, ta phai xac dinh mdt ham lién
tuc %(#)sao cho ham dé di qua tat ca N cac diém mau x(kTa) d6 (hinh 5.4).
Khi d4 c6 ham lién tuc %(#) ta c6 thé 1y lai gia tri tin hidu &Ty), k&=0,1, ... ,

N —1 v6i mét chu ky 14y mau méi 76 nho tiy y.

4 @)

Hinh 5.4 : M6 ta phuong phap noi suy. / Ta 2Ta 3Ta -

5.2.1 N@i suy cb dién
Véi phuong phap noi suy co dién, nguoi ta chon trude mot da thire bac
N-1
%)= a, + axt + ... +aNtN"',
trong 46 N 1a s6 cac gia tri mau dd c6. Nhiém vu ctia ndi suy 1a xac dinh cac

hé s6 a1, az, ... , aN cua da thiic nay, sao cho dudong cong cua da thirc mo
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hinh %@)di qua cac gia tri mau x(0), ... , x((N-1)Ta ) cta ham can ndi suy,
tic 14 phai thoa man diéu kién
X(kT,)=xk=x(kTa) voi k=0,1,... ,N-1. (5.15)
Viét lai (5.15) lan luot cho tit ca cac gid tri k dudi dang ma trn s& c6

a X0
1 Ta o Tév_l az _ x2
ol :
1 (N-DT, - [(N-DT,] ay) \*n.
A a g
Suy ra
a=A4A"g (5.16)

va d6 chinh 1a cong thirc xac dinh vector tham sb a cho da thire %) tlr cac
gia tri do dugc xk , k=0,1,... , N-1.

5.2.2 N¢i suy spline

Phuong phap ndi suy co dién thuong chi thich hop v6i nhiing bai toan
noi suy bac thap, tic 1a sd cac gia tri da co cia ham can nodi suy nho. N6 ¢6
wu diém 1a sai s6 gitta mo hinh ndi suy duoc %) va tin hiéu gbc x() tai cac
diém 1y mau bang 0. Khi sb luong cac diém mau 16n, bac cia da thic ndi
suy %(¢)cling phai ting theo, lam cho ham () cang c6 nhiéu diém cuc tri va
d6 thi cia né cang c6 nhiéu “lugn song” do da thirc bac cang cao thi cang co
nhiéu diém cuc tri. Piéu nay din dén nhuoc diém chinh han ché ung dung
ctia phuong phap 13 ngudi ta hoan toan khong c6 kha niang kiém soat va
khéng ché duoc sai s giita cac diém lay mau va khong khing dinh dugc
rang da thirc mo hinh di noi suy dugc c¢6 hoi tu dén tin hiéu gbc hay khong.
Tham chi, nguoi ta con chi ra dugc réng voi bat cir mot tap céc diém mau
nao cho trudce, bao gio cling tdn tai mot ham sb lién tuc nhan cac diém mau
d6 1am gia tri ma bai toan nodi suy c¢b dién ap dung cho ham sé d6 lai phan
ky.
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Dé khic phuc nhuoc diém trén ciia bai toan ndi suy cd dién, nguoi ta s&
khong noi suy véi toan bo tp hop cic gia tri mau nita ma chi ndi suy ting
khoang cuc bg, dé c6 thé lam giam bac cua da thirc mé hinh. Chéng han
ngudi ta co thé chon nhitng da thitc mé hinh cuc bé bac 2 1a

2
fo®=aoo + ao1t + ao2t” ,

2
A®= a0t ait + ant,

cho timg khoang 3 gia tri mau {0,7a , 2Ta}, {Ta 2Ta, 3Ta}, ... cua tin
hiéu va xac dinh hé sb cua céac da thire nay sao cho

fo(kTa) = xk voi k=0,1,2

fi(kTa) = xk vor k=1,2,3

thay cho mot da thirc chung bac N—1 nhu phuong phap c¢6 dién van lam. Sau
d6 nhitng da thtrc ndi suy cuc bd nay sé& lai dugc "dan" véi nhau tai dé tao
thanh mot dudng cong chung () di qua tit ca cac diém mau va co dao ham
(bac dao ham cang cao cang tét) tai nhitng diém nbi, tirc 1a tao ra mot duong
cong tron khap noi chtr khong chi riéng trong khoang cuc bd duge ndi suy.
Puong cong %(t) 1a duong ndi suy cua tin hi¢u da cho va phuong phép noi
suy nhu vay goi 1a ngi suy spline.

Bac cua da thirc duogc chon sé quyét dinh kich thuéc mién cuc bd duoc
ndi suy, chéng han néu chon da thirc bac hai thi do ¢6 3 tham sb phai xac
dinh, mién ndi suy cuc bd sé& chi chua 3 diém mau. Pa thirc duge chon dé
ndi suy cuc bo do6 co tén 1a ham mo hinh cuc bé.

5.2.3 Noi suy B—spline

Mot trong nhitng phuong phap ndi suy spline cé y nghia ing dung trong
phan tich phd tin hiéu va c6 ho hang gan giii voi mé hinh toan hoc cua khdi
hoéi phuc tin hiéu (holding) trong diéu khién k¥ thuat 13 phuong phap ndi suy
B—spline.
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Phuong phéap noi suy B-spline, ciing giong nhu phuong phap spline noi
chung, dugc xay dung dua trén cdc ham md hinh cuc bd ma ta s€ goi la ham
B-spline goc. Ky hiéu fin(f) 13 ham B—spline gdc bac m thi fin(f) duoc xac
dinh theo cong thirc truy hdi (dinh nghia cia Bezier):

a) fin = 1O =Te) (5.17a)

a

b) fm(?) = fo(©)* fm-1(2).

Pinh Iy 5.3: Ham fin(f) c6 khoang thoi gian séng supp fin(f) = [0, (m+1)Tal,
tuc la
fm(t)=0 khi ¢<0 hoac ¢>(m+1)Ta.
Chitng minh:
Ta chimg minh bang phuong phap quy nap. Tir dinh nghia ta thay diéu
khang dinh dung cho m=0. Gia sir ciing ding cho m—1. Vay tir cong thic
dinh nghia tich chap
0 Tﬂ,
Sin(t) = fo(O)* fm1(6) = [fo(Df a1t =0)dr = [fo(D)fu1t-0)d7
-0 0

ham fin(¢) chi ton tai v6i nhimng gia tri ¢ thoa man 0<t—r<mTa, trong d6 0

<r<Ta,nobi cach khac:

0<t<(m+)Ta o

2) L 40
T,

Ta

Hinh 5.5:  a) Ham B-spline gbc fy(?)
b) Ham B-spline gbc f1(¢)
c) Ham B-spline géc f>(f)
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Pinh ly 5.4: Mot ham B—spline gdc fin(f) bac m c6 md hinh

_ m+1mEl g (6= RT,)™ 1t - kT,)
Jm(®) TmH kgo( Y kl(m+1-k)! (5.18)

trong do6 ky hiéu 1(¢) chi ham Heaviside.
Chitng minh:
Ta ching minh (5.18) theo phuong phap quy nap. Hién nhién (5.18) ding
cho truong hop m=0. Gia st (5.18) da dung cho m—1. Ta phai chi rang n6

cling dung véi m. Bt dau tir vé phai v6i hinh 5.5a) minh hoa cho fi(7) s& c6

© Ta
Jo@* fina(t) = [fo(@)fmat=0dr == [ 1= s
0

—® a

Thay (5.18) cho truong hop m—1 vao cong thuc trén

T, m-1
%* _ 1 g m N t-kT, —7) 1(¢ -kT, —7)
ity 0= e [ o dr

1o (-
= Z()

T/ S0 Rl (m k)]

[(t —ET,)"1(t - kT,)— (¢t —(k+1)T, )™ 1(¢ - (k +1)T,,)

sau d6 tach thanh hai tong va trong tong tht hai thay k+1=/ thi dugc

) 1B ymigo g+
ﬁ(t) fmfl(t) Tm+l |:kz—:() k'(m—k)V(t kTa) 1(t kTa)
m+1 (_1)l i
+ T A 11 - f—
l§1 (l—l)!(m+1_l)!(t IT)" 1t -1T,)

m m kop_ m —
__1 [H) i+ 3 CUU kT TICRT)(L, 1 j+
M| m! 2 Gk-Dim-k)! &k m+1-k

(_1)m+1
m!

+ t-(m+1)T,)"1E - (m+1)T, )}

_m +1 mil(—nk (t—kT,)™1(t - kT,)
Tm+

Pt Rl(m+1-k)!
= fm(?)

va d6 chinh 13 diéu phai chirng minh.
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Dinh 1y 5.4 con chi ring fin(f) nhan gia tri cuc dai tai 17, .
a b) - o) N
. Ao@) fi(®) fa(t)
T,
‘ t
Ta g ~Ta | Ta > ~Ta | 2 Ta >
9 A0

Fgm\‘

/ .

—2Ta -Ta 2Ta 4 Ta

Hinh 5.6: a) Ham B—spline f~'0 t)

b) Ham B—spline fN'l (t)

~ Mot khoang ndi suy cuc bd
c) Ham B-spline fy (1) j g notsuy et be

d) Noi suy véi ham B-spline gbc bac 3

Quay lai van d& chinh 1a ndi suy diy ham trong luong tir cac gia tri mau
xk, k=1,2, ..., N. Goi x(¢)]a ham ndi suy theo phuong phap B—spline voi
ham B-spline gdc fin(f) bic m thu dugc bing cach “dan” cac ham B-spline
gbc nay lai véi nhau sao cho #() di qua cac diém mau xk.

Pé trong mdi khoang nodi suy cuc bd co duoc nhiéu ham fin(f) tham gia,
ta s€ dich fm(¢) sang trai mot khoang z‘{%}Ta, trong d6 ky hiéu [ x| chi mot
s6 nguyén nho nhit nhung khong nhé hon x, sao cho ham nhan duoc (hinh
5.6)

Fm ()= fin(t+7)
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c¢6 khoang thoi gian sdng (gan) dbi xing qua 0 1a (— [%WTG,P”;%TQJ. Vay

thi khi dan cac ham 7,,(¢) nay lai véi nhau dé co (¢ ta duoc

N-1

E)= Y apfm(t-nT,), (5.19)
n=0
voian ,n=1,2, ..., N-1 la nhitng tham s6 duoc x4c dinh sao cho
X(kT,)=xk, k=0, 1, ... , N-1. (5.20)

Ham 7, () ¢ tén goi 1a ham B-spline dé phan biét v6i ham B—spline gdc
Jm(t).

Thay (5.19) vao (5.20) rdi viét chung N phuong trinh (=0, ... , N-1) lai
v6i nhau dudi dang ma tran, ta s€ cé

fn (0) o fn (N +1)T, {‘10 J [xo J
fn (N -D)T,) - fin (0) ay_1) \xn

A a g

= a=A"g (5.21)
va d6 chinh 1a cong thirc xac dinh vector tham $6 a cho ham noi suy x(t).

Vi du 1: Xac dinh vector tham s a cho %() dugc ndi suy theo phuong phap
B-—spline bac 1 tur cac gia tri mau xk, k=0, 1, ... , N-1.

Tur dinh nghia 7,(z) xéac dinh theo fy(¢) ta cd 7, (t) = fo(f). Boi vay

F0(0)=Ti va  J,¢T,)=0 khi k #0.

Suy ra
an=Taxn, n=0,1, ..., N—1. o
Vi du 2: Xac dinh vector tham sb @ cho () dugc ndi suy theo phuong phap
B—spline bac 3 tur cac gia tri mau xk, k=0, 1, ..., N—-1.
Theo cong thire (5.18) cia dinh 1y 5.4, ham B—spline gbc bac 3 1a f3(f) ¢o
dang
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4 _ 31(# —
() = 3 (o AT MR

T4 5 El(4—F)!
do do
1 _ 4 _ 1
fiTa) = fQTa) =2 f(3Ta) =

f3(kTa)=0 khi k=4 hodc k<0.
Véi r= E] =2 suy ra duoc

T = FO=t . Fmy=-L. Fer)=0  Khi
5T =——,  f3(0) oT, f5(Ty) 6T, f3(kT,)=0  Kkhi [k| >1.

Vay vector tham so a can tim s€ 1a nghiém cua

410 - 00

141 - 00 a, X
1 . : : . : . : = . le]
6Ta [ Lo : : .

00O - 41 an_1 Xn-1

0 o -~ 1 4

5.2.4 Sai s6 pho ciia ni suy B—spline

Trong phan nay ta s& nghién ciru sai s6 phd ciia ndi suy B—spline. Phép
ndi suy nay thuc chét chinh 1a qua trinh bién d6i mot tin hidu sb thanh tin
hiéu twong tu (khéi D/A) nhd cac khau holding (hinh 5.6a).

Tai sao lai phai dit ra vin dé& nghién ctru sai s6 phd ctia phap noi suy?.
Trong nganh toan s6 ndi chung, khi khong c¢6 cach nao c¢é thé xac dinh duoc
mdt cach chinh xac ham x(7) c¢6 khoang thoi gian séng hitu han va phai ap
dung nhitng phuong phap gan dung, ngudi ta thu duge () va ndé duoc xem
nhu mot két qua xap xi ciia x(7). Nguoi ta sé rat thoa man néu nhu sai léch
gilta %(¢)va x(f) trong khoang thoi gian duoc ndi suy 1a khong dang ké, néi
cach khac néu %(#)nam trong mot “dai bang” &nao d6 ctia ham can xac dinh
x(?) (hinh 5.7)

sup | 50— x(0)| < &
t
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trong d6 £1a mot s6 thuc duong du nhd.

Q) ey
i KhdiD/A
() {Xk} NG&i suy
B—'s line

R&i rac tin hiéu

©)
A %(t)

Hinh 5.8:  a) Noi suy spline la mdt bo bién déi D/A.
b) D&y tin higu sb {xk}.
c) Tin hiéu lién tuc thu dwoc tir {xk} nho
B-spline bac 0. d)
d) Tin hiéu lién tuc thu dwoc tir {xk} nho
B-spline bac 1.

4 X()

Déi véi viée xur 1y tin hiéu va nhan dang thi van dé dit ra co hoi khac
mot chut. Bén canh diéu kién (5.22) nguoi ta con phai quan tim xem tin
hiéu xdp xi (#)cod phan anh thong tin tin sé cta x(r) mot cach gan dung sao
cho c6 thé chap nhan dugc hay khong?. Tirc 1a ¢ ton tai hay khong mot s6
thuc duong 7 ciing du nho dé duge

sup ‘ )N((ja))—X(ja)) ‘ <n (5.23).
Day 1a mot van dé kha 1y tha. Pa khong it ngudi da ngd nhan rang ¢ bai
toan ndi suy spline hai diéu kién (5.22), (5.23) la twong duong. Sau day, chi

riéng trong bai toan ndi suy B—spline, ta sé chi rdng sy ngd nhan dé hoan
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toan sai. Cu thé 1a khi ap dung ndi suy B—spline bac 2 hodc 4 thi tdn tai
nhitng diém tin s6 ® ma tai d6 sy sai léch gitra X(jo) va X(jo) 1a vo cing
lon [12].

Trudc hét ta xem qua trinh bién d6i X0, X1, ... , xN_1 thanh %) b?mg ky
thuat B—spline duoc md ta & hinh 5.8a nhu mot khéi D/A ¢6 tin hiéu dau
vao la ham mé rong xa(t)={xk} va tin hi¢urala %@).

Ky hiéu qua trinh bién ddi xa(f) — %(#)d6 1a 4nh xa T, thi do

N-1 ~
TTxa()] =50)='3. apf(t-nT,)

va cac hé sb ao, ai, ..., aN_; ¢ quan h¢ tuyén tinh véi dau vao xo, x1, ... ,
xN_; (xem cong thure (5.19)), nén 7 c6 tinh chat tuyén tinh, tirc 1a

T [axa(t)+Pya(t)] = aT [xa(t)]+ BT [ya(t)] ; Ve, f €R
trong d6 xa(f), ya(?) 13 hai tin hiéu dau vao khac nhau. Piéu nay chi rang
khoi D/A theo ky thuat B—spline 1a mdt khoi dieu khién tuyén tinh.

Goi G(s) 1a ham truyén dat ciia khbi D/A d6. Vay thi
Pinh Iy 5.5: Ham dic tinh tin G(jw) cua khdi D/A theo ky thuat B—spline
bac m co gia tri la
g ﬂ(;}
GUe) = ?i((J;Z) B . d’”d[E wl J

/ do™\1-¢/*Ta

Chitng minh:
Theo cong thirc ndi suy (5.19) ta co

~ - N-1 _

X(jo)=F,(jo) Y. a,e/a (5.25)

n=0

Ngoai ra, do tin hi¢u lién tuc tai dau dau ra () cling nhan céc gia tri xk , k=
0,1, ..., N—1 lam N gia tri mau nén theo dinh Iy 2.3 va cong thirc (2.16)
trong chuong 2 ta di dén
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< 5 © |~ N-1 . .
TaXa(o) = Y. X[jw-19,)]= ¥ [mew—ma» > anef“'”TaeﬂQ""Ta]

n=0

l=—0 l=—0

Nhung vi Q,7,=2x, nén /% la = (/2™ _1 BGi vy
o N- ‘
TaXa(jw) = S F, (j@-10,) 3 aye ™ (5.26)
|=— n=0

Chia hai vé ctia (5.25) va (5.26) cho nhau ta dugc

TaG(jw) =—mU®) (5.27)
> By (j0-10,))
I=—w

Mit khéc, tir dinh nghia vé ham B—spline gdc fin(f), anh Fourier Fm(j)
cuia no s€ la
. m+1
. (1- efja) T,
Do d6 anh Fourier F,,(jw)ctua ham B-spline £,, () dugc tinh nhu sau

_joT, m+1 )
Bl = Fm(je) i = [%] e v6i 7| 27, (5.28)
Jo Lg

Lai @€ y ti€p /2™ =1 v&i moi k nguyén nén

. . 1 L m . m+1
~ 1- e—]a) Tae]l27z' m+ ) ]Z[E—IZE 1_e—]a7 Ta .
F (ilo-1Q )= ——M—mMm — Jot = Jjot 5.29

m (@ =120 [ jo-1091, | © ¢ jo-t0)T, | ¢ (5.29)

Béi vay khi thay (5.28), (5.29) vao (5.26) ¢6

1 d™ (1
(i) =—— Wl -— dW";[“’j 1 (5.30)
T2 oty M(T“lz_ww—ma]
Xét riéng truong hgp m=0 thi tr (5.30) duoc
G(jw) =+1 (5.31)
Ta 2 woin,

Ciing voi m=0 cho (5.25)
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o ~ . N1 —jonT, l—e_jWTa 'a)z‘N_l —jonT,
X(jo)=Fy(jo) Y. aye =———e/" 3 a,e a
n=0 Jo Ta n=0

va cho phuong trinh (5.21) dugc an = Taxn (xem két qua cua vi du 1 trong
muc 5.2.3). Do do

N1 N1
S a,e e =1, % 5,07

n=0 n=0
X,(jo)
Suy ra
~ . 1_e’j("Ta . .
X(jo)=—— e/ X, (jo)
w
. 1 _e—ja)Ta
hay G(jw)=—"—— (5.32)
jo

So sanh (5.31) va (5.32) duoc

To 2 ST, oo i (5.33)
Cuédi cing, thay (5.33) vao (5.30) ta s& c6 didu phai chimg minh. o

Bay gid ta di vao viéc chinh 13 xét sai s6 pho sau khi tin hiéu roi rac duoc
chuyén d6i thanh lién tuc nho phuong phap B—spline va s& dua ra két luan
sai s6 d6 c6 chap nhan duoc hay khong?.

Tur dinh 1y trén ta suy ra:

T 3
) T sin—4%
1) khim=2thi G(je)= e | —_2 (5.34)
COsS——— ?
oT, 5
] 6T sin—%
2) khi m=4 thi G(j@)=———0 2 (5.35)
cos— @[5+ cos(w T,,)| T"

Hai cong thirc (5.34), (5.35) chi rang ham dic tinh tan G(jw) sé& tién t6i
+oo tai cac diém tan s6 wTa =(2k+1)z véi k nguyén. Diéu d6 din dén su
phan ky ctia X(jo) tai nhitng diém tan s6 d6 néu str dung k¥ thuat B—spline
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bac 2 va 4. Theo kinh nghiém, bao gi¢ ngudi ta ciing chi dung cac ham
B-spline £,,(t)béac 0, hodc bac 1é.

Vi du: Dé minh hoa ta xét mot vi dy. Cho tin hiéu
x(f) = e

Tin hi¢u nay co6 anh Fourier 1a

. 1
Xjo)=—
3+ jo
4 | X(jnQy)| 41 X(jnQy) |
0,34 0,3
Noi suy v&i NOi suy v&i
0,24 B—Spline bac 0 02—+ B—Spline bac 1
01+
nQ
4 1 X(jnQy)|
0,3+
0,2H Noi suy v&i 02+ NOi suy v&i
B-Spline bac 2 B-Spline bac 3
0,1H 0,1
T T T T T > } — >
10 20 30 40 50 nQy 10 20 30 40 50 nQy

Hinh 5.9: Minh hoa sw &nh huéng clia phép ndi suy B-Spline vao két qua nhan dang.

Tur 8 gia tri tin hiéu xk = x(kTa), k=0, 1, ... ;)7 va Ta = 0,25 ban dau
nguoi ta da st dung ham B—spline bac i=0, 1, 2, 3 dé chuyén no thanh tin
hiéu lién tuc x(¢) theo cong thirc (5.19). Tiép tuc, nguoi ta trich mau vai chu
ky 14y mau mé&i nho hon 1a 7h = 0,01s dé c6 128 gia tri &, =%(*T}), k= 0,1,

... ,127 161 st dung dft() s& duoc X(jnQ,) véi Q=495
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Biéu dién céac gid tri | X(jnQ,)| 6 theo n dudi dang do thi c6 hinh 5.9.
Nhin vao dudng dd thi cua X(jne,) Ung véi i =2 ta c6 ngay dugc két luan
rang phép ndi suy B—spline bac 2 1a khong thé s dung dugc trong viéc
nhan dang pho tin hidu. o

5.3 Ngoai suy

Thuat todn nhan dang ham dac tinh tan G(jw) trinh bay trong muc 2.3.1
cho ra két qua 1a diy G(jnQY,), n=0,1, ... 2M, trong d6 Q; = j;

a

xac dinh

d6 phan giai ciia két qua va A phai 1a mot s6 nguyén lity thira cia 2 nho nhat
nhung khéng nhé hon 2N-1. Nhu vay d6 phdn gidi cia két qua phu thude
vao N 1a sb cac gia tri tin hiéu do duoc, tic 1 vao khoang thoi gian quan sat
cac tin hiu vao/ra T= NTa. Khi N cang 16n, d6 phan giai cia két qua cang
cao.

Nhung khong phai bai toan nhan dang nao trong thuc té ciing c6 kha
ning dap tmg dwoc nhiing diéu kién can thiét cho phép thu duoc mot két
qua c6 d6 phan giai nhu ¥ mudn. Chang han do diéu kién khach quan khong
cho phép quan sat tin hi€u vao/ra trong mét khoang thoi gian 7 da 16n (tin
hiéu vao/ra 1a nhitng qua trinh ngéu nhién khong dimg), nén sé mau tin hiéu
ldy dugc qua it, kéo theo sd lwong cac gia tri tin hiéu nhan dugc khong du
nhiéu dé co thé phan anh dy du cac thong tin can thiét vé d6i tugng. Trong
nhitng trudng hop nhu vay, thong thudng ngudi ta phai ngoai suy dé ting s6
méu tin hiéu thu duwoc nham tang do phan giai cho két qua.

C6 rat nhiéu cac phuong phap ngoai suy tin hiéu khic nhau. Song phu
hop hon ca véi bai toan nhan dang c6 tin hiéu vao/ra ngau nhién 1a phuong
phap cuc dai entropie. Bai toan ngoai suy entropie phat biéu nhu sau: Gia sir
rang trong khoang thoi gian quan sat [0, NTa) ta di thu dwuoc diy gia tri
{xk}, v6i xk = x(kTa), k=0, 1, ... , N1 cta tin hiéu x(¢). Van dé dit ra &
day 1a tir day gom chi co N gia tri d6 phai suy dugc ra nhiing gié tri chua c6
clia tin hiéu ndm ngoai khoang quan sat [0, NTa), tirc 1a phai ngoai suy dé

229



dugc xk voi k>N, sao cho cung vdi nhitng gia tri ngoai suy nay luong thong
tin entropie cua tin hi¢u x(¢) thu duoc tr ddy méi {xk}, k=0, 1, ... 1a 16n
nhit.

5.3.1 Cuec dai entropie loai 1

Goi {xk}, k=0, 1, ..., N-1 1a diy gdm N gia tri tin hiéu do dugc trong
khoang quan sat [0, N7q). Theo két qua ctia muc 4.2.2 thi sai léch gitra gia
tri do dugc xk va gia tri dw béo tuyén tinh «f tinh theo

ng
x,’::—kZakxn_k, k=na,...,N-1 (5.36)

=1
s€ c6 trung binh binh phuong nhé nhét néu bo tham sé a; , as, ... , a,, » K

dugc nhan dang theo phuong phap Yule—Walker. Ciing véi b tham sb nay,
dai lugng entropie loai 1 cua tin hiéu

Hy = [In8, (@)do (5.37)

—00

c6 gia tri cuc dai, trong d6 mat do phd Sx(w) cua {xk} duoc tinh boi

Sx(w)=——K (5.38)

Ng .
1+ ape /e
k=1

Nhu vay, phép ngoai suy xk , k>N niao d6 khong lam thay d6i gia tri
trung binh binh phwong céc sai 1éch | xk —x] | cling s& lam cho gia tri mat do
phé (5.38) khong thay d6i va do d6 lam cho entropie H; (5.37) giit dugc
duogc gia tri cuc dai ciia nd. Nhan xét nay dua ta dén phép ngoai suy d6 phai
la:

xk=-Sap, , k=N (5.39)

k=1

Ta c6 dugc thudt toan ngogi suy cuc dai entropie logi 1 cac gia tri xk ,
k>N nhu sau:
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1) Chon bic na mé hinh AR mé ta tin hiéu x(¢). Ta ciing c6 thé st dung két
qua bai tap 2 thudc chuong 4 dé nhan dang na.

2) Xacdinhay,a, ..., a, tUr {xk}, k=0,1,...,N-1 bﬁng cac thuat toan
nhan dang tham s6 mo hinh AR d biét nhu Yule—Walker hoic Burg.

3) Thuc hién lan luot véi k= N, N+1, ... cong thic (5.39) dé tinh xk voi
k>N.

5.3.2 Cuec dai entropie loai 2

Bén canh thuat toan ngoai suy theo nguyén tac cuc dai entropie loai 1
vira trinh bay ta con c¢6 mot hinh thic ngoai suy cuc dai entropie khac dé
xac dinh xk voi k>N 1a di tir cong thirc entropie loai 2:

H,=- OJ?Sx(a))lnSx(a))ala)

Trude hét ta dat vin dé nhan dang mat do phé Sx(w) cua {xk}, k=0, 1,
... , N—1, 1a voi Sx(w) nhan dang dugc, gia tri entropie loai 2 H, (5.40) sé
16n nhét. Tt nhién mat d6 phd Sx(w) co6 dugc d6 phai thoa man diéu kién
bién

Sx(w) =T, irx(mTa Yo MTa®

m=—w

& rx(mTa) =2i Tsx (@)™« do (5.41)
T

trong d6 rx(mTa) 1a cac gid tri ham tuong quan cua tin hi€u x(¢) dugc tinh
theo cong thirc nhan dang bias (2.45) hodc unbias (2.47). Theo dinh ly 2.7
ctia chuong 2 thi chi sb m trong diéu kién bién (5.41) chi can chay tir — N+1
dén N1 la du.

Nhu vy bai toan tim cuc dai cho (5.40) véi diéu kién bién (5.41) vira
néu 1a mot bai toan tdi wu tinh va nghiém ciia n6 co thé duoc tim mot cach
don gian theo nguyén 1y ciia Lagrange. Trudc hét ta 1ap ham
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m=-N+1

—00

=H)+ N Am wSx(w)e‘ “dw - 21 -1, (mTy) :
H z JmT, (5 42)

trong d6 A, , m=— N+1, ... , N-1 la nhiing hang s Lagrange. Sau d6 ta dao
ham hai vé cta (5.42) theo bién Sx(w):

QR _ Tl Nl imTe
35, (@) {i Lrinisi@l) 3 e do

roi tim diéu kién dé dao ham do bi triét ti€u s€ duoc:

N-1 .
3 Ame’™ e =1+ 1n[S, (o) (5.43)
m=-N+1
N-1 .
& Sx(w) Iexp(—1+ > imeJmTaw] (5.44)
m=-N+1
Van dé con lai 1a xac dinh cac hé sb A,, , m=— N+1, ..., N-1. C6 nhiéu

cach xac dinh A, véi nhitng uu nhuoc diém khac nhau. ¢ déy ta sé di theo
phuong phap cua Wu gidi thi¢u trong tai liéu [18].

Néu goi {em}, cm = c(mTa) 1a ddy cac gia tri ciia ham ¢(¢) c6 anh Fourier
C(jw) =1nlS, (o)

thi khi chuyén nguoc cong thic (5.43) sang mién thoi gian s& c6

N6 -mT,) = &6) + (), (5.45)

m=-N+1
vi anh Fourier cia &t-mTa) 1a ¢/ . Do C(jw) 1a ham thuan thuc nén c(7)
phai 1a mot ham chan, tirc 12 ¢(f) = ¢(—1). Suyra A, = 1 .
Viét lai (5.45) lan luot cho =mTa, m=0,1, ... , N-1 duoc:
— khi m=0: Ao= l+c¢y
— khi m=1: /11=c1

— khi m=N-1: ﬂuN—l = CN_1
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va d6 chinh la nhiing cong thirc x4c dinh hé $6 A. Ta di dén thuat toan nhan

dang mat d6 phd Sx(w) cta x(¢) tir diy {xk}, k=0, 1, ... , N-1 theo nguyén

tac cuc dai entropie loai 2 nhu sau:

1) St dung ham spec() di gidi thiéu trong chuong 2 dé xac dinh S, (nQ,)
n=0,1, ..., A=1 v&i A=2N-1 va chi s6 Lag M=N-1.

2) Tinh C(nQ;) =13, (n0,), n=0,1, ... , A-1.

3) Chuyén ngugc diy {C(nQ,)} nho ham invdt() dé co {em}, m=— N+1,
o N-1.

l+¢y khi m=0
4) Xacdinh 4,,=4¢,, khi m=1, --- ,N-1.
A khi m<0

5) Tinh Sx(w) theo cong thuc (5.44).
Tiép tuc, theo dinh 1y 5.3 cho mat d6 phd Sx(w), tirc 1a:

, N néunhand bi T
Sx(o) =1a|x, ol Vi pZ{ néu nhén dang bias r,(m7,)
p

N —m néu nhan dang unbias r,(mT,)

N. Wu dé dua ra trong tai liéu [18] mdi quan hé giita cm va xk khi xo > 0

nhu sau:

Inxg khi m=0

CM =4 %5 SV Ry gy khi m>0
X0 k=0 ™MXo
e® khi k=0

xk = k=1
ckx0+z% khi k>0

m=0

Str dung quan h¢ do ta c6 dugc thuat toan ngoai suy xk , k>N gém cac
budc:

1) Xac dinh S,(nQ;) n=0,1, ..., A~1 nhd ham spec()voi A=2N-1 va chi sb
Lag M=N-1.
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2) Tinh C(nQ;) =In

{C(n€;)} sang mién thoi gian nhd ham invdt() dé co {cm}, m=— N+1,
ooy N—1.
3) Ngoai suy xk lan luot véi k = N, N+1, ... theo cong thic

S,(n0,), n=0,1, ..., -1 va chuyén nguoc diy

k-1 . .
xk=7Y % v6éi em=0 khi m>N.
m=0

5.4 Ly thuyét haAm mé rong
5.4.1 Dinh nghia

Ngay dau chuong 2 ta da khang dinh ring nho c6 1y thuyét ham mo rong
ma ban chit toan hoc ciia "ham sd" dirac [(#) modi dugce hiéu mot cach chat
ché va tong quat. Khai niém "ham sb" cua [I(¢) & day khong dugc dung nhu
dinh nghia toan hoc kinh dién cta no (nén n6 duoc viét trong diu ngoac
kép). Thyuc chét [1(¢) 1a mot phiém ham (functional) lién tuc, tuyén tinh trén
DUIC (R), hay con goi 1a mot ham mé rong, trong d6 C'(R) 1a ky hiéu chi
tap hop cac ham thuc lién tuc, c6 dao ham vo han lan trén R va D 1a mot tap

con ctia C”(R) gdm cic ham c6 thoi gian sdng hitu han, tirc 1a ham co
supp (f)={ t eR | (t) # 0}
gi6i ndi. Vi du nhu ham
1 :
—— | khi [t[<d
ot) = aexp[ c 52] = (5.46)
0 khi [t > b

14 mot phan tir ctia D. Vi du nay ciing chimg to rang D khong réng. Theo thuat
ngtt k¥ thuat thi ham mé rong dugc xem nhu 1la mot qua trinh bién doi tin
hi¢u ¢(#)e D thanh hing sd.

Pinh nghia 5.1: Goi D 1a tap con cta C(R) gdbm cac ham c6 thoi gian séng
hiru han. Khi d6 mdt phiém ham lién tuc, tuyén tinh #(¢): D — R s€ dugc
goi 14 ham mé réng néu sy hoi tu @.())— o(f) cia mot diy {p,(7)} bat ky
trén D thda man:
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a) voi k eN tuy ¥ thi hop cua tit ca k mién thoi gian song suppe,(f) cia

cac ham ¢,(¢); n =1,2, ..., k cling gidi ndi trén R,

b) p.()—>(t) & :;m ou(t) > 5—m o(t) ; Vm nguyén va m > 0, trong do
™ ™
j—m 1a ky hiéu cua dao ham bac m cua mot ham thuong (hoi tu déu),
tm

Tap hop tit ca cac phiém ham lién tuc, tuyén tinh trén D dugc ky hiéu
bang D' (hay khéng gian doi ngdu). Khai niém hoi tu trén D 1a can thiét, vi
chi khi d6 ching ta méi c6 dugc dinh nghia vé su lién tuc cua mot phiém
ham trén D.

Pinh nghia 5.2: Mot ham mo rong (7). D' ¢6 cac phép bién ddi gidng nhu
mot tich phan

o(t)—D Tr(t)(p(t)dt Vo(t)e D (5.47)

duoc goi 1a ham mo réng déu (regular).

Chu y rang déu tich phan trong cong thirc (5.47) chi c6 ¥ nghia hinh thc.
N6 duoc sir dung & ddy dé noi rang r(f) co cac phép bién doi, nhu phép
cong, phép lay dao ham ..., gidng cac phép bién ddi cia mot tich phan, chir
ban than n6 khong phai 1a mdt tich phan theo nghia toan hoc thong thuong
nhu tich phan Riemann hay tich phan Lebesgue.

Xét ham Heaviside 1(¢). V&i tich phan
[ 1®0e@0)dt = [pt) < ;Y p(t)eD
—o0 0
thi rd rang ham Heaviside 1(f) ciing 1a mot ham m¢ rong déu. Tir d6 suy ra
moi ham thye khdc, néu lién tuc tung doan va bi chan, thi ciing dwoc xem nhu
la ham mé réng déu, tic 1a ciing thude D,

Pinh nghia 5.3: Mot ham md rong déu r(?), néu Tr(t)(p(t)dt =0

—00
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a) véi moi p(f)=0 c6 a<t<b thi dugc goi 1a cd mién xdc dinh a<t<b
(d6ng nhit bang 0 ngoai khoang kin [a,b]),
b) véi moi p(f)=0 c6 t¢[a,b] thi dwoc goi 1a dong nhdt bang 0 trong
khoang kin [a,b].
Pinh nghia 5.4: Him mé rong dirac [1(7) 1a mot ham mo rong déu thoa méan
tinh chét

Ts@)dt = ¢ (0), ¥ @(t)eD. (5.48)

Tir nay vé sau ham mé rong dirac [1(f) s& dugc goi don gian 1a ham delta.
V61 moi ham ¢(t)eD c6 ¢(0) = 0 thi
15wt = ¢0) = 0,

do d6 ma ham delta, theo dinh nghia 5.4, c6 thoi gian sdng hitu han (mién xéac
dinh cta ham delta chi chtta c6 mét diém 1a 0).

Pinh nghia 5.5: Pao ham % ctia ham mo rong déu r(7) 1a mot ham mo

rong déu cua D' thdéa man
i %q)(ndt = r(t)%dt , V(d)eD. (5.49)
Véi dinh nghia nay thi moi ham lién tuc timg doan va bi chin déu c6 dao
ham (con goi 1a dao ham téng qudt, hay dao ham Sobolew), mic du theo ¥
nghia dao ham kinh dién, dao ham cua ching cé thé khong c6 hodc khong
xac dinh tai mot hay nhiéu diém.

Vi du : Theo dinh nghia 5.5 thi tur

Tiwewd: = - 1®aedt=— o)
0

=0 (0) = Jowpw)dt , ¥ t)eD.
ta co ngay duoc dao ham (tdng quat) cua ham Heaviside va né chinh 14 ham

delta [I(¢). Tiép theo, dao ham &(z) ciia ham delta s& c6 gia trj 1a
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T8p(t)dt=— 160e)dt =—(0) . o

—00 —00

5.4.2 Tinh chit

Do trong khuon khé ap dung vao ky thuat thuong chi 1am viéc véi ham
mo rong déu, nén tir nay vé sau, mot ham mé rong déu sé dwoc goi ngdn
gon la ham mo rong. Tu dinh nghia 5.2 ¢o:

a) Tong cua hai ham mé rong #(¢) = ri(f)+rx(7) 12 mét ham mo rong va

duogc xac dinh nhu phép tinh téng cia mot tich phan, tirc 1a
[r@e@)dt = | n®)e@)dt+ [ry(De(t)dt

vo1 moi ¢(t)eD.

b) Phép tinh tién mot khoang thoi gian 7 trén truc thoi gian cia ham mé

rong r(f) cho ra mot ham mé rong r(+—17) va duoc biéu dién thanh

Tr(t-Dp@)dt = [r@)p(t +)dt .

¢) Ham mé rong r(ar), acr duoc xac dinh tir #(7) nhd phép bién doi

Tr(ao(p(t)dt:ﬁ i r(t)(p(ijdt, Y ((f)eD.
Cw al a

d) Tich r(f){7) cia ham mé rong #(¢) v6i ham thuong (£)eC (R) ciing 14

mot ham mdé rong va dugc xac dinh bdi
[rorop@as = Trol e (5.50a)
V& phai hoan toan c6 nghia, vi {£)¢(f)eD.

e) Néu trong cong thirc (5.50a) ta thay ham delta &¢—Ta) vao vi tri cia

ham mo rdng 7(¢) va tin hiéu x(z), lién tuc tai Ta vao vi tri cua 1) thi
s& ¢ dugc cong thirc 1dy gia tri tin hiéu x(7) tai thoi diém Ta nhu sau:

T8t~ T )x@®)}p(0)dt = (T (T, = 1(T,) [t - T, )p(e)dlt (5.50b)

—0 —00
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Tin hiéu x(¢) & day khong can phai ¢ dao ham vé han 1an nhu 7), ma
chi can 1a mot ham thuong va lién tuc tai 7a 1a du. Sau nay, khi ma
khéi niém tin hi¢u da dugc dinh nghia mét cach ro rang va su nham
lan gitra mot tin hiéu voi m9ot ham mdé rong hoan toan co thé bi loai bo
thi cong thirc (5.50b) s& duoc viét ngan gon thanh
x(0)(t-T,)=x(T,)5(t-T,). (5.50¢)
Vi du 1: Pé 1am quen vé6i cach viét méi ndy, ta thir tinh gia tri coa tich
(t)m Trude hét, theo dinh nghia 5.5 vé dao ham ctia ham mé rong (déu)

thi

T (t)m(/)(t)dt =_ Of 5@) dx(fi)t{”(t) di =

dx(t)

- j 5@ty o pyds - j S(t)x(t) 220 d"’(t) dt.

Twr d6, véi dinh nghia 5.4, c6
{0220 ottrar = - 20 0)x0) 220

=0 fowpwar+x0) | L0 oo

dt

va cudi cung, theo cach viét gon cua (5.50¢) thi

ds(t) __ dx(0)

O =

O 50+ 20220, (5.50d)

Twr cong thuce (5.5d), véi x(7)=t, c6 dugc phuong trinh 1y tha sau:

ds@)
b= T 5() (5.50e)

Vi du 2: Goi 7(¢) 1a mt ham mo rong, dr®) 13 dao ham cua no. Gia st tiép

ton tai anh Laplace R(s), R(s) ciia chiing, tirc 14
R(s) = Tr(t)e‘“dt va  R(s)= ]9 d;(tt) oSty

—00 —0

Vay thi tir dinh nghia 5.4 c6
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dt dt

—oo| —o

R(s) = of { Of Me_“dt}o(s)ds = —T r(t)[i T(ﬂ(s)e_“ds}dt

= Ojo [s Tr(t)e““dt}o(s)ds = sR(s). o

—00 —00

Cho trudc hai ham mo rong ri(¢) va r(¢). Tich chdp ri(¢)*ra(f) cua
chung dugc hiéu 1a

T «@lpde= T rl(t){ Tra(@plt + r)dr}dt (5.51)

Tuy nhién, can phai xét xem khi nao thi tich phan bén phai cua (5.51)
c6 nghia (trc 1a tich phan c6 ton tai hay khong?, theo nghia ham méo
rong va khi do tich chap cling s€ 1a mét ham moé rong). Noi cach khac
la phai xét xem, khi nao thi c6 duoc

Tr(@o(t +)dz €D,

Can cu theo dinh nghia 5.3, s€ c6 dugc diéu kién nay, néu nhu ton tai
mot mién giGi ndi sao cho r(f) ddng nhat bang 0 ngoai mién do, hay
r(1) ¢6 thoi gian séng hitu han. Ngoai ra, theo dinh nghia 5.2 thi tich
chdp co6 tinh giao hoan ri(t)*r.(t) = ra(t)*ri(¢), bdi vay tich chap hai
ham mé réng ciing sé la mét ham mo rong, néu it nhat mot trong hai
ham mé réng cé thoi gian séng hitu han.

Cho mot ham mo rong (7). Vi ham delta c6 thoi gian séng hitu han
nén gia tri cua tich chép r(¢)* A¢) cling 1a mot ham m¢ rdng va

—00 —00

i r(t){ T§(r)(p(t+r)dz}dt = Trivedt , Y (f)eD (5.52a)
no6i cach khac

rO)* &ny= Aoy*r(1) = r(t)

Nhu véy, khong gian D’ voi quan hé tich chap c6 &7) 1a phan tir don
vi. Ciing tir cong thuc (5.51) dé dang ching minh duoc rang

H(6)* Kt—to) = r(t—to).
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g) Khai niém gidéi han cua mot dady ham mé rong cling dugc xay dung
thong qua ddu tich phan. Gia sir ¢6 trong D’ mot diy ham md rong
{rn(?)} hoi tu téi r(¢), tac 1a rn(f) — r(¢) khi n — oo, thi sy hoi tu do6
dugc hiéu theo nghia

lim [r,Op@®)dt [r®p@®dt, Y @f)eD (5.53)

n—>m_on

(hoi tu déu). Nhd dén dinh 1y cua Steinhaus: "Néu E la mét khéng gian
Banach, F la mét khéng gian chudn va Tn : E — F la mét day dnh xa

lién tuc tuyén tinh thod man Yim T,x=Tx v&i moi xeE thi T ciing lién

n—oo

tuc, tuyén tinh", c6 dugc r(f)e D', hay r(f) ciing 1a mot ham mé rong.

5.4.3 Toan tir Fourier mé rong

& muc 5.4.1 va 5.4.2 ta dd d& cap dén nhitng khai niém co ban vé ham
mo rong tir dinh nghia, tinh chét, cho t6i cac phép bién dbi duoc xdy dung
trén gia thiét rang ching déu. Nhitng khai niém trén hoan toan cé thé duoc
xay dung mot cach tuwong tu cho khong gian R”, tirc 1la vdi cdc ham ¢
eC*(R") va c6 thoi gian séng hitu han. Tuy nhién, dé c6 thé ap dung duoc
chung vao viéc mo hinh hoa va phan tich hé thdng, phuc vu diéu khién ky
thut trong mién phtrc (nhat 1a cac hé suy bién - singular systems), thi van
con thiéu khai niém vé anh Fourier ctia ham mé& rong ma trong mot vai tai
liéu khac nhau con duoc goi la Todn tur Fourier mo rong.

Cho trudc mot ham mé rong (7). Gia st ton tai R(jw) 1a anh Fourier cta
r(r). Néu nhu R(jw) ciing 1a mot ham mé rong thi véi moi ham ¢(w)eD phai
co

TR(o)p(@)do= | { Tr(tyeIet dt}o(m)dw = Trgitydt (5.542)

- —0| —® —®

trong d6 ¢(j) 1a anh Fourier ctia ham s6 (@) va ciing phai thugc D, tirc 1a

Hjt) = [p(@)e-itdw € D. (5.54b)
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Chu y rang dau tich phan trong cong thiic (5.54b) va tich phan trong du
ngoac vudng cua cong thirc (5.54a) chinh la tich phan cua toan tir Fourier
lién tuc va Ia tich phan toan hoc thong thuong (tich phan Riemann), trong
khi céc tich phan con lai chi 1a mot ky hiéu cia ham mo rong déu.

Dinh nghia thi 16 rang nhu vy, nhung néu c6 ciu hoi dugc dit ra rang
R(jw)#0 c6 t6n tai hay khong? (theo nghia ham mé rong), thi ta c6 thé tra 10i
ngay dugc rang véi nhimg gia thiét dd duoc xay dung cho dén nay R(jw)
khong thé ton tai duoc, vi #(jt) khong thuoc D. Ham ¢(j1)#0 c6 dao ham vo
han 1an gidong nhu @), nhung thoi gian séng 1a vo han (4nh Fourier cia
mot ham ¢6 mién xac dinh gidi noi s€ xac dinh trén toan bg truc sé), boi vay
HKjt)eD. Nhé lai phép bién ddi Fourier thong thuong di dugc trinh bay
trong chuong 2 thi khi ham ¢ @) c6 supp@( @) gidi ndi, anh Fourier ¢(jz) cua
n6 s& c6 supp(jz) gan nhu 1 toan bd truong sd thuc, ndi cach khac thoi gian
song ctia @(jf) hiru han khi va chi khi ¢ @)=0.

Boi vay, dé co thé co dugc R(jw) thi can phai mé rong D. Ta xét tap E
clia tat ca cac ham ciia C (R) nhung bay gio khong bat budc 1a phai ¢ thoi
gian séng hitu han ma chi can tién t6i 0 khi r — oo nhanh hon bat cir mot
da thirc ndo khac ctia ',

Pinh nghia 5.6: Mot ham mo rong (déu), xac dinh trén E véi

a) DcFE,

b) Su hoi tu cia mét day {@,(7)} trén E dugc dinh nghia nhu trén D ,

c) ‘l‘im |{[" o(t)= 0 véi moi n nguyén,
t|—>0

dugc goi 1a hdm mdé réng yéu. Tap hop tat ca cac ham mé rong yéu
duogc ky hiéu bang E".

Pinh nghia 5.7: anh Fourier R(jw) cia hAm md rong yéu (f) ciing 1a mot
ham mo rong yéu va dugc xéac dinh tir #(7) nhu sau:

TR(jo)p(@)do= [r®)é(tydt , ¥V (f)eD,

—00
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trong d6 ¢(j) 1a anh Fourier ctia ham s ().

Tir nay vé sau ky hiéu F s& duoc su dung chi toan ti Fourier,
K w)=F{@(f)} chi anh Fourier cta () va moi ham mé réng (déu) dwge ndi

den la ham mo rong yéu.

Bay gi0, gia sir rang #(¢) 1a mot ham thudng c6 anh Fourier, tirc 13 ton tai
F[r(©)]. Vi ky hiéu dm & chi phép ldy dao ham bac thir m cia mot ham
mo rong va do r(¢) cling 1a mot ham md rong nén theo dinh nghia 5.5 va 5.7
co duoc

Jamrgcinde =" | {r(t)jt—i[ Taf%(w)dwj dt

—00 —00

Suy ra
Fldmr(] =]

0

{r(t) TGo)™ e~ It p(o)dw |dt

—00

= OIO [(J'w)mfp(w) Ofr(t)e‘j“”"dt]dw,

hay noi cach khac
F [dm r(t)] = ()" F[ r(©)].
Ciing tuong tu nhu vay cho dm { F[ ()]} co

Jam Frolp@do = Td—";{ Tr(t)ej”tdt}@(w)dw

—odw

=7 " r(t){ cho(w)ef“’fdt}dw
Suy ra OC OC
dm{ F[r(0]} =F [(0™ 0]
Téng quat 1én cho E' ta di dén:
DPinh ly 5.5: V6i mot ham mo rong r(t)e E’ co
a) F[dm ()] = (jo)" F[ n(1)],
b) dm{ F[r()]} =F [(i)" r(0)] .
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Bén canh dinh 1y vé anh ctia dao ham ciing nhu dao ham ctia anh, ta con
6 két luan nira vé anh cta tich chap ciing rat can thiét trong nhan dang duoc
phat biéu nhu sau:

Pinh ly 5.6: Gia st r(¢), r1(2), r.(f) €E’', thi

a) F[r(t=D)]=F [r(H)] e’ va

b) F[ri()*r2(1)] = F[r1(£)]F[r2(£)] néu ton tai tich chap [r1(£)*r2(1)].
Chitng minh:

a) Vi

[r(t-T)g(jt)dt = [reydljc+ Tt = | r(t){ T 110 p()dw |di

nén
F [H(t=T)] =e 7T | r(t){ o jt“’(p(a))da)}dt =T [r(t)g(jt)dt

—00 —00

va d6 1a d.p.c.m. tht nhat.

b) Do phép tinh tich chap c6 tinh giao hoan, nén s& khong mat tinh téng quat
néu duoc gia thiét thém rang r,(¢) co thoi gian séng hiru han. Khi d6, cing
voi (5.51) ¢o

Flr(0)*ra(0] = (@ * nopGndt= | rl(t){ Tra @it + r)dr}dt

ap dung cong thirc toan tir Fourier cho cho ¢(j(t+7)) duoc

Flri(0)*ra(0)] = | n(t)ﬁ w{ Te‘j(t”)”go(a))da)]dr:ldt

—o -0

va cudi cung la di€u phai chimg minh thr hai

Flri(0)*r(0] = ] H Tq(t)e-ﬁwdt]( °fr2<r>e-fwrﬂqo<w>dw 0

Tt dinh 1y trén véi 71(1)=X¢) dé dang thu duoc
F[r(9)] = F[&)]F[r(9)] hay F[An)] = 1.
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& day 1 phai duoc hiéu 1a mot ham mo rong. Bang 10, dinh 1y 5.2 con duoc
dién ta thanh: "dnh cia tich chdp, néu chiing ton tai, chinh la tich cua hai
anh".

Do F 1a mdt isomorphism trén £ va anh Fourier R(jw) cua mdt ham mé
rong (£) duoc dinh nghia nhd anh cta ham ¢(w)<E nén diéu nguoc lai ciing
dang: "anh ciia mét tich bang tich chdp cia hai anh, néu ton tai tich chip
do", tuc la

F[r(0r2(0] = 5-Flr(O]Flra(0)]

Khac vé6i dinh 1y 5.6, & cong thirc (5.56) con co thém hé sd L do dinh

2
nghia vé toan tir Fourier nguoc sinh ra. Co thé dé dang kiém chimg lai tinh
dung dén cua cong thirc (5.56) twong ty nhu da lam voi dinh 1y 5.6.
Néu ¢(r)eE, thi tdn tai anh Fourier @jw) ctia nd. Xuét phat tir cong thirc
clia toan tir Fourier nguoc ddi véi ham ¢(7) ¢6 duoc

PWO)= —— [g(jordo

T o

~ L[ Fowe statlio =7 [ L o st
2z 2

—00 —00

Do déng thire trén dung voi moi ham ¢(¢) thude E (tirc 1a cling dung voi
moi ham ¢(f)e D) nén theo dinh nghia 5.4 vé ham &) s& thu duoc
&) =L T it do=—2 Teos(@t)do = [ei*daw (5.57a)
2r —0 2 —o0 27 —©
dé y rang & ddy da sir dung cong thirc e?” = cos(wr) — jsin(r) (cong thic
Euler) va sin(er) 1a ham chan. Tir day suy ra

&) =$jjocos(wt)da) = lim zi [ cos(@)de = lim %(at) (5.57b)

a—w 47T _g a—w

Céc cong thirc (5.57a) va (5.57b) 14 hai trong nhitng cong thirc rat co ban,
duogc sir dung nhiéu trong cac cong viéc nghién ctru va tng dung khac nhau
cua ham ).
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Cau hoéi 0n tap va bai tap

1.

Hay chi ring ham dic tinh tin G(jw) ciia khdéi D/A theo k¥ thuat
B-spline bac 0, 1,3 1a nhitng ham bi chan, tic 1a |G(j @)|<o voi moi w.
Tir d6 c6 thé rat ra duge mot két luan chung nao khong vé cac khbi D/A
theo k¥ thuat B—spline bac 1¢?.

2. Néu ap dung phuong phap ndi suy ddy tin hiéu do dwoc {xk} thi khoang

tan s6 nhan dang G(jw) s& dugc md rong. Nguoc lai phuong phap ngoai
suy {xk} lai co tac dung ting do phan giai, tirc 1a ting s cac gia tri
G(kQy) tinh dugc trong khoang tan s6 cb dinh (giam Qy). & nhiing
truong hop nao, khi 4p dung ca hai phuong phap ndi va ngoai suy day
{xk} ma lai khong 1am tang d6 phan giai cua két qua?.

Chung minh rang anh Fourier X(jw) ctia mot ham chin x(¢) 1a mot ham
thuec.

Ching minh ring anh Fourier X(jw) cia mot ham 1& x(7) 1a mot ham
thuan 4o.
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