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CHUONG I
THIET KE BQ LQC SO

Nhu ching ta di phan tich trong cac chuong cua Xur 1y tin hiéu I, hau hét cac hé
théng LTI déu co chirc nang cua bd loc. Vi vay, van dé thiét ké bo loc sd dong vai tro
quan trong trong xtr 1y tin hiéu sd. Co nhiéu phuong phap thiét ké cac bo loc sé da duoc
dé xuat va ung dung trong thuc té. Chuong nay sé trinh bay cac phuong phap thiét ké co
ban va tmg dung ctia nd dé thiét ké cac bo loc khac nhau.

1.1. Thiét ké bd loc bang cach dit cac cwe va zeros trén miit

Day 1a phuong phap thiét ké loc s6 don gian va co thé ap dung cho nhiéu loai bd loc
FIR ciing nhu IIR. Tuy nhién, dé c6 mot dap Gng tan s theo ¥ mudn, trong mot sd trudng
hop, ta can phai thém vao cac cuc hodc zero theo thu tuc thir va sai.

Nhu ching ta bi€t, vi tri cia cac cyc va zeros trén mat phang phtrc moé ta duy nhat
ham truyén dat H(z), khi h¢ thong c6 tinh 6n dinh va nhan qua. Vi vay n6 cling qui dinh
dac tinh so6 cua hé thong.

Phuong phap thiét ké mach loc s6 bang cach dat cac cuc va zeros trén mat phang
phuc dua trén nguyén ly co ban la: dat cac cuc tai cac diém gan vong tron don vi va ¢ cac
vi tri trong Ung vGi céc tan so trong dai thong, dit cac zeros ¢ cac diém tuong tmg voi
cac tan soO trong dai triét. Hon nira, can phai tuan theo cac rang budc nhu sau:

1. Tat ca cac cuc phai dugc dat trong vong tron don vi dé€ cho bd loc 6n dinh. Tuy
nhién, cac zeros c6 thé dat ¢ vi tri bat ky trong mat phang z.

2. Tat ca cac cuc va cac zeros phuc phai xuat hién véi cac cap lién hop phuc dé cac
hé s0 ctia b loc ¢c6 gia tri thuc.

V&1 mot tap cuc - zeros da cho, ham truyén dat H(z) cua loc co biéu thuc:

M M
z:bkz’l H(l—zkz"l)
H(z) =" =G (1.1)
1+ a2z [[d-p,z
k=1 k=0

O day G 1a hing s6 do loi (gain constant) nd duoc chon dé chuin hoa dap umg tan
s6. O mot tan sd xac dinh nao do, ky hi¢u l1a ,, G dugc chon sao cho:

[H(eo)| =1

Véi w12 tAn s6 trong dai théng ctia bo loc. Thong thuong N (bac cua bd loc) duoc
chon béng hodc 16n hon M dé cho bd loc o sb cuc khong tam thuong (nontrivial) béng
hodc nhiéu hon zeros.



Phuong phap nay duoc dung dé thiét ké mot s6 bo loc don gian nhung quan trong
nhu: loc thong thép, thong cao, thong dai, dai chan, loc rang luogc, by cong huong s6, bd
dao dong s9,.... Thu tuc thiét ké cling thuan tién khi thuc hién trén may tinh.

1.1.1. LOC THONG THAP, THONG CAO VA THONG DAI
1.1.1.1. Loc thong thap va thong cao:

V6i loc thong thép, khi thiét ké cac cuc phai duoc dat & cac diém gan vong tron don
vi trong ving tan s6 thip (gdn o = 0) va cac zeros phai dugc dit gan hay trén vong tron
don vi twong tmg vai cac diém tan sb cao (gan o = 1), nguoc lai cho loc théng cao. Hinh
1.1 Minh hoa cho viéc dat cac cuc va zeros cua ba bd loc thong thép va ba b loc thong

B
DD

Hinh 1.1: D thi cuc zeros cho cac bo loc
(a) Loc thong thap; (b) Loc thong cao

cao.

Dép tng bién do va pha cho bd loc don cuc ¢c6 ham truyén dat la:

H(z) = 11—;:“’ (13)

Duogc veé trong hinh 1.1 vé1a = 0,9. D6 loi G dugc chon 1a 1- a, dé cho loc c6 do lgi
bang 1 ¢ tin s6 » = 0 va d6 1o & tan sb cao twong ddi nho.

Thém vao mdt zeros & z = - 1 s€ lam dap Gng suy gidm nhi€u hon & tan so cao khi
do loc c6 ham truyén dat la:

l-a 1+z™!
H,(z) T a— (1.4)

Dic tuyén cua dap tng tan sd cua hai bo loc H1(z) va H2(z) cung duoc v& trén hinh
1.2. Ta thay, bién do cua H2(Z) giam vé 0 khi o = n.

Tuong tu, ta thu duoc cic bo loc thong cao don gian bang cach 1y dbi ximg cac
diém cuc - zero ciia mach loc théng thap qua tryc 4o ctia mit phang z. Ta thu dugc ham
truyén dat:



-1

H,(z)=

l-al1-z
e 1.5
. (1.5)

1-az™
Dac tuyén cua dép ung tan s6 ctia mach loc thong cao dugc ve trong hinh 1.3 voi a

=0,9.
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Hinh 1.3: Dap tng bién d6 va dap ung pha cta bo loc thong cao c¢6 ham truyén dat H =

1-09] 1-z'
2 1+0.9z™

L2JLI +0.9z-r-1
Vidu 1.1:

G

Mot loc thong thép hai cuc c6 ham truyén datla: H(z) = m
—rz

Hay xac dinh gia tri ctia G va p sao cho dap tng tin s6 Ho thoa diéu kién:

2

H(0)=1va H(E) i
4 2
Giai: Tai © =0, ta co:
_ G _ 2
H(0) = > = 1.Suyra: G=(1 -p)".
(+p)
Tai w= 7 ta co:
v/ 5 1- 2 1- 2 1- 2
HE = ( 1:)£ _ (1-p) . ( P)- :
(1-pe %)’ (l—pcos(£)+jpsin(£)) (1_L+ﬂij
4 4 \/E V2
4
Suyra: { 1)2) - _—:l Hay 2(1—p)4=1+p2—-\/_2_p
__p_) A
V2 2
Giai phuong trinh trén ta dugc: P = 0,23.
X 0,458
Két qua: H0) = ———
et qua: H(0) 1-0,23z7")?

1.1.1.2. Loc théng dai:



Céac nguyén tic tuong ty c6 thé duoc ap dung dé thiét ké mach loc thong dai. Mot
cach co ban, loc thong dai chira mot hay nhiéu cip cuc phirc gan vong tron don vi, trong
lan can cua bang tan ma n6 hinh thanh dai thong cua bg loc.

Vidu 1.2:
Hay thiét ké mach loc théng dai hai cuc c6 tim cua bang tin & o = % dap ung tan

séH(oo)=Okhico=Ove‘1oo=TcVéldélpl’l:ngbiénd(f)cﬁan(')le‘lL taim=4—”.

V2 9

/2 4
e ~ A A e g . IS N IS N . \
Gidi: Ro rang bo loc phai co 2 cuc tai: py=re* vap,=re?>vazerotaiz=1vaz
=- 1. Vay ham truyén dat cta n¢ la:

(z-D+)  z2° -1
(z—jr)(z+ jr) 2242

H(z)=G

Hé s6 khuéch dai G duoc xéac dinh béng cach tinh H(w) ctua bd loc & tan sd ® = %

Ta co:

2

H(f—):(; 2 1. Hay: G="21
2 1-r 2

.-y . B , . N , , . 4 4
Gia tr1 cua r dugc xac dinh bang cach tinh H(w) tai @ = ?ﬁ . Ta co:

87
2 -y 2—200s(—§—J

IH(%) 87\ >
4 147 +2r2Cos(—7z) 2
9
Hay: 1,94(1 -r*)2 =1 - 1,881 +r".
2
Giai phuong trinh ta duge r* = 0,7. vay: H(z) = 0,151'—2_2
140,72
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Hinh 1.4: Dap ng bién do va dap ung pha cia bo loc thong dai c¢6 ham truyén dat 1a:

2
H(z) = 0.15[ 1-2 }
1+0,7z

zero 1én dap (mg tin s6 cua hé thong. RS rang, day chua phai 1a phuong phap t6t cho viéc
thiét ké mach loc sd, dé c6 mot dic tuyén cta dap Gmg tan sd nhu ¥ mudn. Cac phuong
phap thiét ké tdt hon, dugc ung dung trong thuc té s& duoc trinh bai trong phﬁn sau.
1.1.2. BO CONG HUONG SO (DIGITAL RESONATOR)

Mot bd cong hudng s6 1a mot bo loc thong dai co6 hai cyc dac biét, do 1a cdp cuc
phirc dugc dit & gan vong tron don vi (hinh 1.1.a). Bién do cta dap tmg tan s6 duoc vé

trong hinh 1.1.b. Ta thay, dap tng bién d6 16n nhit & tan sd twong tng cua cuc va day la
tan sb cong hudng cua mach lgc.

bé thiét ké mot bd cong hudng s6 véi dinh cong hudng ¢ tai hay gan tan s6 © = o,
ta chon cdp cuc phirc nhu sau:

P, =rd’vaP,= re’voi0<r<1 (1.6
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Hinh 1.5: (a) Db thi cuc zeros. (b) Pap tng bién d6. (c) Pap tmg pha cia 2 bd cong
huong: mdt bd co r= 0.8, bo con lai c6 r=0.95

Ngoai ra, ta co thé chon thém cac zero. Mic du c6 nhiéu kha nang chon Iya khéc
nhau, nhung c6 hai truong hop thuong dugc chon. Mot 1a thém vao mot zero tai géc toa
do. Hai 1a chon mdt zero & z = 1 va mdgt zero & z = -1. Sy chon lya nay c6 thé khir hoan
toan dap Uimg cia bd loc tai @ = 0 va © = m.

1.1.3. BQ LOC DAI KHAC (NOTCH FILTER)

BO loc dai khéc 1a mot bd loc dai chan c6 dai tan sd chén rat hep nhu mdt vét khéc.

Hinh 1.6 minh hoa déic tuyén ddp vmg tan sé ciia mét b loc dai khdc c6 do lpi giam bang

0 ¢ céc tan sO ®, va ®,. B0 loc dai khac dugc ting dung trong nhitng truong hop ma mat
vai thanh phan tan s6 can phai loai bo.



t IH(®)!

Biém khong

RS W W s

Hinh 1.6: Minh hoa dac tuyén dap ung tan s6 ctia mot bo loc dai khac ¢ do loi

Dé tao mot diém khong (null) trong dap tng tan s6 ctia mot loc & tan sb w,, ta dua
vao mot c¢dp zero phuc trén vong tron don vi twong trng véi goc pha m,. Do 1a:

Z, =rd™” vaz,=re’™ (1.7)
Néu hé théng la mot bd loc FIR thi:
H(z) = G(l - ¢ z- 1)(I - ¢’ z-1)=G(I - 2coswz” + z7?)
Hinh 1.7 trinh bay ddp vmg bién do va ddp g pha ciia mét b loc ddi khic cé mét
diém khong 6 o= %.
Ta thay, bo loc khac FIR c6 bang tan kha rong (dai chan), nghia 1a cac thanh phan
tan sO xung qu../Anh di€ém khong (null) bi suy giam nhiéu. DE giam dd rong bang tan cua

bo loc khéc, ta c6 thé chon mot bd loc FIR dai va phuc tap hon. O day, ta cd géng cai tién
dap tmg tan s6 bang cach dua vao ham truyén mot sb cuc.

Gia st ta ddt thém vao mot cdp cuc phuec tai:

/™ -Jan
Pl =r va P2 =p°
Céc cuc nay gay ra mot sy cong hudng trong vung lan cén cua di€ém khong va vi
vay no lam giam d¢ rdng bang tan cua loc khéc.

Ham truyén cia hé thong bay gio 1a:

1-2cosw,z™ +27% . (1.8)
1-2rcosw,z™ +riz?

H(z)=G

Dép tng bién do cua bd loc (1.8) dugc ve trong hinh 4.8 vo1 ) = %, r=0,81 va

Vol © = %, r=0,91. So sanh véi dap g tan s6 cta bd loc FIR trong hinh 1.7, ta thiy tac

dung cua céc cuc la [am giam bang tan cua loc khac. Bén canh viéc 1am giam bang tan
loc khac, cac cuc dugc dua vao con gy ra mdt gon song trong dai thong cia mach loc, vi
su cong hudng giy ra bodi cuc. Pe h(n) ché anh hudng gon séng nay, ta lai c6 thé dua



thém vao cac cuc va/hodc zeros nita trong ham truyén dat. Ta thay, phuong phap nay
mang tinh thir va sai.

HH(F)I
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Hinh 1.7. Pac tuyén dap ung tan s6 cua mot bo loc dai khic c6 ham truyén dat la H(z) =

G[1-2 coswoz" +2°], véi it vét khie 6 © = 7 hay f= !
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Hinh 1.8: Pac tuyén dap vng tan so cua 2 bo loc khdc voi cdc cuc o

-1 -2
(1) r = 0,856 vi (2) r = 0,95 ¢ H(z) = G202 2
1-2rcosw,z” +r°z

1.1.4. BO LOC RANG LUQC (COMB FILTERS)

Bo loc ring luoc don gian nhat 1a bo loc co dap tGng tan sd gidng nhu loc khéc,
nhung cac vét khic (diém khong) xuat hién mot cach tuan hoan trén sudt bang tan. Mach
loc riang luoc duge ing dung trong truong hop can loai bd mot thanh phan tan s6 nao dé
va cac hai cta tan sd d6. N6 duoc tng dung rong rii trong thyuc té nhu: nghién ctu tin
hiéu thu dugc tir ting dién ly, tin hiéu radar.

Dé minh hoa mot dang don gian ctia mach loc rang lugc, ta xét mot bd loc trung

binh di chuyén duoc mo ta boi phuong trinh sai phan:

l M
y(n) = ———M+1kz=(;x(n—k) (1.9)

Ham truyén dat ctia hé théng nay 1a:

M (M) (1.10)
L Lo
M+1£& M+1 (1-z7

0

L e
Pap tng tan s6: H(w) =
p ung (w) Y]

Tir phuong trinh (1.10) ta thiy bo loc ¢b cac zero trén vong tron don vi tai:

, 27k
(M +1)

z=e k=123, M (1.12)

Chu y rang cuc z = 1 bi khir boi zero & z = 1, vi vay, ta c¢6 thé coi nhu b loc nay

11



khong chtra cyc nao ngoai z = 0.

bac tuyén bién dg cua (1.11) véi M = 10 duoc ve trong hinh 1,9 cho théy su ton tai

5 , < R A A , A N e s A A 27k
cua céac diém khong mét cac tuan hoan & céc tan s6 o= =1,2,..,. M
(M +1)
H H H H H
K 3 ] t 1
SR b o ouss omamms pamman 4
¥ £ X ] 1
|3 ] H i
¥ H E ] [ 3
N L e LR e - B e e
¥ H ) H ¥
¥ | 1 ¥ L]
¥ 1 3 £ EH ]
A - B - e ] L o d- - b - -~ =
. i 5 . ’
U tomannn N domeman A
§ ] S ]
9 i 1 . Fl i B .
0 05 1 15 2 25 I 35

Hinh 1.9: Ddc tuyén dap iing bién do ciia bg loc rdng
luoc cho boipt (5.11) voi M = 10.

Téng quat, ta co thé tao ra mot loc rang lugc béng cach thuc hién mot bd loc FIR
v6i ham truyén dat la:

H(z)= ih(k)z‘k (1.13)

Thay z boi z° v6i L 1a mot s6 nguyén duong ta thu duoc mot bd loc FIR méi ¢6
ham truyén dat 1a:

H, (2)= fh(k)z‘“ (1.14)
k=0

Goi H(w) 1a dap tmg tan sb ctia bo loc trong tng véi H(z) thi dap tng tan s cua bd
loc tuong ung véi HL(z) 1a:

H, (2)= fh(k)e‘f““’ = H(Lw) (1.15
k=0

Két qua 13, dic tuyén dap ung tan s6 H (o) 1a sy ldp lai L 1an cia H(w) trong dai tan
s6 0 £w £ 2p.

Vidu 1.3:

Tir bo loc rang luge c6 ham truyén dat & pt(1.10) va dép tng tan s6 & pt(1.11). Ta
thay z béi z-L, ta dugc mdt loc rang lugc méi ¢ ham truyén dat la:

12
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1 1 _ LM+

H,(2) = 1.16
() M+l 1-z7* (1.16)
va dap ung tan s6 1a:
1 I_Z—L(M+l) A
H,(z)= 1.16
() M+l 1-z7* (1.16)
: sina)L(M;D) .y
H,(0)= e T 117
(M +1) .(wLJ
sin| —
2
B6 loc nay c6 zeros trén vong tron don vi & cac vi tri:
j 2
s=¢ (M+1)L (1.18)

Vi tat ca cac gia tri nguyén cua k, ngoai trrk =0, L, 2L,..., ML
Hinh 1.10 vé ddc tuyén dap iing bién @6 véi L =3 va M = 0.
rl-l,(o)l
1 N v

08R----

i R

06H----

—emba--
)
'
]
'
1

04fy---

S S S R
ebmrembhoscbonnd e

02¢-

N O
il bl I L

L _L .-

0 08 1 1.5 2.5 3m 35

Hinh 1.10: Ddc tuyén ddp vmg bién dé ciia bé loc rang twée cho béi pt(5.17)
voi L =3 vaM = 10.
1.1.5. BQ LOC THONG TAT (ALL-PT(SS FILTERS)
Loc thong tat 1a mot 6 loc co dap g bién d6 1a hang véi tat ca cac tan so, do 1a:
=1;0£w£Dp. (1.19)

Mot s6 vi du don gian nhat cho loc thong tat 13 mot hé thdng thuan tré (pure delay
stystem) voi ham truyén dat 1a:

H(z) =z* (1.20)

13



Hé thdng nay cho qua tat ca tin hiéu ma khong c6 thay d6i gi ca ngoai trir viéc lam
tré k mau. Pay 1a mot hé thong thong tat tam thudng (trivial) co pha tuyén tinh.

Mot loc thong tat duge quan tam nhiéu hon 12 loc ¢4 ham truyén dat nhu sau:

N '
-N+
_N 2 k

-1 _ N+l
a,+ay,z +..+a,z +z-7 5
N Y

k=

H(z)=

- - sa, =1 (1.21)
l+a,z” +..+ayz

-k
>4z

0

N
Tat ca cac hé s an déu 1a thuc. Dit: A(z)=Y a,z*;a,=1(1.22)
0

~1
Thi phuong trinh (1.2 1) duoc viét lai:  H(z)=z"" '—4/({—)2 (1.23)
V4

Vi [H(w)|* = H(z)H(z ") =1

z=el®

nén hé thdng cho boi pt(1.23) 1a loc thong tat. Hon nita, néu z, 1a cuc cta H(z), thi 1/z, 1a
zero cua H(z). Hinh 1.11 minh hoa dd thi cuc - zero cta bod loc 1 cuc 1 zero va bo loc 2
cuc -2 zero. Pic tuyén dap ung pha ciia cac hé thong nay duoc vé trong hinh 1.12 véi a =
0,6 var=20,9.

4 4
- (1/r, @g)
/‘ frr mﬂ)
e |1 i/a L] 1 -
(rl' Qg)
{147, - @p)
() | (5)

Hinh 1.11: Do thi cuc - zero (a) Loc thong tat bac 1 (b) Loc thong tat bdc 2
Loc thong tit duoc tng dung nhu 1a bo cin bang pha (pha se equalizers). Khi do
duoc mdc lién tiép (cascade) véi mét hé thong cé dép ving pha khéng nhw mong mudn, bd
can bang pha duoc thiét ké dé bu lai dic tinh pha "nghéo nan" cta hé thong nay va vi vay
toan b hé thong (hé twong duong) cé dap Gmg pha tuyén tinh.

14
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Hinh 1.12. Pgc tuyén ddp vmg tdn s6 cia bé ljc tat:
(06+z D) —2rcosmyz ' +z7) o
1) H(z 2)H ¢ ;1=0,9; 0= =
(D H@)= 140,62 () H@)= 1—2rc0sa)oz "+riz7? 4

1.1.6. BO DAO PONG SIN SO

B§ dao dong sin s c6 thé dugce coi nhu la dang gidi han cua bd cong hudng hai cuc
véi cac cyc phuc nam trén vong tron don vi.

Nhic lai rﬁng, mot hé théng bac hai ¢ ham truyén dat la:

bO
H(z)= = - (1.24)
l+a,z” +a,z

Va céc tham s6 1a: a; = -2r cos Wo; 8y = e (1.25)

Céc cyc lién hop phirc 13 p = re??

Dép tng xung la: h(n) = byr sin(n + 1) oyu(n) (1.26)
si

0

15



Néu céac cuc nam trén vong tron don vi (r = 1) va by = Asinw, thi
h(n) = A sin(n + 1)wj u(n) (1.27)

Viy dap ung xung ctia mot hé thdng bac hai voi cac cuc lién hop phic nam trén
vong tron don vi c6 dang sin va hé théng nay duoc goi 1a bo dao dong sin s6 hay b phat
tin hiéu sin sb.

Dé 1ap so do khdi ciia bo dao dong sin sb ta viét lai phuong trinh sai phan:

Y(n)=-a;y(n-1)—y(n)-2) + byd(n) (1.28)

Véi a; = -2cos mp; by = A sinw, va thoa diéu kién nghiy(-1)=y(-2)=0

(Asn@o)(n)  ~ ’ y(1)=A sin (n+1)an

ai =-2 COsWo
a2==1

Hinh 1.13 : Bé phdt tin hiéu sin s
Dung phuong phéap dé qui dé giai phuong trinh sai phéan ta thu dugc:
Y (0) = Asinwg
y(1) =2cosmy y(0)=2A sinw, coswy = A sin2m,
¥(2) = 2cosay y(1) — y(0)
= 2Acosmy SIn2® - Asinm,
= A (4cos’ay, - 1)sinw,
= 3A sin®, - Asin3(oo = A sin3m,
Tién trinh duoc tiép tuc, ta thay tin hiéu ra c6 dang: y(n) = A sin(n + 1)w,

Ta chu ¥ rang, viéc cung cip xung & thoi diém n = 0 nham muc dich khoi dong cho
bo dao dong sin. Sau do, bd dao dong ty duy tri, boi vi hé thong khong tit dan (do r = 1).

Tu hé théng dugc mo ta béi pt(1.21) ta cho tin hi¢u vao b::ing 0 va cho céac diéu kién
dau 1a y(-1) = 0, y(2) = -Asinw, thi dap ung tin hi€u vao bﬁng 0 cua h¢ théng bac hai
dugc mo ta bai phuong trinh sai phan thuan nhat.

y(n)=-a;y(n-1)-y(n-2) (1.29)
Dap tmg cua hé thdng dugc mé ta boi pt(1.26) véi cac diéu kién dau:

y(1) =0 va y(-2) = -A sinw, (1.30)
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gidng mot cach chinh xac nhu 1a dap ung ciia hé thong dugc mo ta boi pt(1.28) véi kich
thich 1a tin hi€éu xung don vi.

1.2. Thiét ké bd loc FIR
1.2.1. THIET KE BQ LQC FIR PHA TUYEN TiNH DUNG CUA SO
1.2.1.1. Nguyén tic:

Tu dap tmg tan s6 mong mudn Hy(w) véi cac chi ti€u twong ung, ta lay bién doi

Fourier nguoc dé c6 dap tmg xung hy(o):

hd(n):% IH,,(a))ef“‘"da) ,—o<n<o (1.31)

N6i chung, hy(n) thu duogc s& c6 chidu dai vo h(n) va khong nhan qua, ta khong thé
thuc hi¢n dugc trong thuc té. Vi vay, h¢ théng phai duogc sura lai thanh nhan qua va budc
h(n) phai h(n) ché chiéu dai cua hy(n). Phuong phap don gian 13 cit bo hy(n) tir gia tri n =
M-1 va thu dugc bd loc FIR c6 chiéu dai M. Su "cat ngon" nay twong duong véi phép
nhan h(n)g véi mot ham ctra s6 (window). Ham cira s6 nay dugc dinh nghia nhu sau:

#0,n=0,1,2,.M -1

w(n) = {0 (1.32)

Nhu vay, dap iing xung cua bg loc FIR tr¢ thanh:
h(n) = hy(n).w(n) (1.33)

Goi W(w) la bién do61 Fourier ciia ctra s6 w(n), tir tinh chat nhan cua bién doéi
Fourier, ta thu dugc dap ung tan so cta bd loc nhu sau:

H(w)= 1 ’]H‘, WV)W(w-v)dv (1.34)
2r

1.2.1.2. Céc buéc chinh ciia phwong phép cira s6:

Chon 4 chi ti€u k¥ thuat ctia bd loc s6: 81, &, ®p, Os.

Xac dinh dap g xung cua mach lgc 1y tuong.

Chon loai cira so.

Nhan véi ctra s6 dé c6 dap ung xung ctia mach loc: hy(n) = h(n).w(n).

Thir lai trong mién tan s6: Hy(®) = H(o0)*W(o).

Néu khong thoa mén céc chi tiéu k¥ thuat, ta ting M va trd lai bude 2.
1.2.1.3. Cira s6 chir nhat

Pinh nghia: Cira s6 chit nhat c6 chiéu dai M duogc dinh nghia trong mién thoi gian
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nhu sau:

Ln=012,.,M-1
w(n)={’n (1.35)

0,n#

Truomg hop M 1&, w(n) ¢6 dang déi ximg véi tim déi ximg 13 n: %

Bién doi Fourier ctia ctra s6 chir nhat la:

M-1 P Lo VN - jonM .
iy 1-e™’ iom-1y2 Sin(wM /2)
W) =) w(n)e =Neim "¢ ey MOV 7 Z)
@) ; ) ,,zz(; 1-e™™" sin(w/2) (1.36)
Cira s6 nay c6 dap ung bién do la:
lw(w”:M ,—r<w<rz (1.37)
| sin(w/2) |
va c6 dap mg pha tuyén tinh ting doan:
_ w( M -1 )
2 , khi sin (ekM)/2 >0
f(w) = (@M)
M -1
Ol T, . khi sin (@M)/2 <0
1.38
IW(a)l
M=9
t 0 t 4 -+
-7 e T 2n ®
AQ=AT/M / 2WM
(@) X (]

Hinh 1.14: (a) Cita s6 chi nhdt c6 chiéu dai M = 9

(b) Dap iing bién dé cira sé chir nhdt
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M#w)i(dB)
20

MWW} l(dB) M =101

Iy

L

0 05 1 15 2 25 3 35
wlrad

Hinh 1.15: Céc dap iing bién do (db) ciia civa s6 chit nhdt voi
M=9 M=51vaM-101
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Cac tham s (cac tham s6 nay ciing dwoc dinh nghia chung cho cac loai cira s6
khac):
- D6 rong ctia mii chinh DW (duoc tinh bang 2 1an dai tan sd tir ® = 0 d&én Oy, tan
) o, trong Umg voi gia tri zero cia mui chinh), d6i voi cira sd chit nhat:
DW = 4p/M. (1.39)
- Ti sb gitra dinh ctia mui bén dau tién va dinh cia mui chinh, ky hiéu ta co:
L IW@)|

1.40
| W(0)| (1:49)

vO1 o 1a tan s6 tuong g voi dinh cua mai bén dau tién, véi ctra s6 chir nhat wy = 3p/M.

Tham sé ndy thuong duoc tinh theo du nhu sau:

| W(w,) |

A(dB)=20log,, A =201log,, ———=
(dB) g0 g0 W)

(1.41)

Nguoi ta cling thuong xét dén mot dai lugng nguoc lai, d6 1a ti s6 cua dinh mui
chinh va dinh muii bén ddu tién, ky hiéu h, ta co:

1
_ — = 1-42
= Wy
4451
_1_1WOI _ M2)1T (143)
1 W)l lsi 3

do1 voi ctra s6 chir nhat:
Sau day la gia tri ciia h tuong trng v6i cac do dai M khéc nhau:

M=6 ® h=42426; M =9 ® h =4,1000; M =10 ® h = 4,7014; M = 100 ® h =
4,7106;...

va M ® ¥ ~ thi h » 4,712. Ta thay, khi M > 10 tham s6 gan nhu khong doi.

Hinh 1.14.a trinh bay cira s6 chit nhdt trong mién thoi gian, hinh 1.14.b la dap vmg
bién dg cia clra s6 chit nhat véi M = 9. Cac tham sb tuong tng nhu sau:

DW = 4p/M = 1,3963 rad; 1 = -13,0643dB; h = 4,1000

Hinh 1.11 trinh bay ddp vmg bién dé cia cira so chit nhdt véi M lan lwot la: 9,11 va
101.

Hién tuwgng Gibbs 1

Pé gidi han chiéu dai dap ung xung h(n) cia bd loc 1y tuong, ta d nhan véi ham
ctra s6 w(n). Pap tng tan s6 cta bo loc thuc té ¢ duoc tir tich chap (131). Pdi v6i bo loc
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ly tudng, dap tng bién do chuyén dot ngdt tur 1 xuéng 0 (hodc nguoc lai) ¢ tan sb cat.
Nhung do1 vé1 bd loc thuc t€, do tich chép trong mién tan s6 s€ gy dao dong & dai thong
va dai chdn xung qu../ Anh tan s6 cdt .. Su phat sinh cac dao dong nay dugc goi 1a hién
tuong Gibbs.
Vidu 1.4:

Hay thiét ké bo loc FIR pha tuyén tinh véi cac chi tiéu k¥ thuat sau day:
0, =0.01, 8,=0.01, o, = n/4 - /10 = 0,7226, ® = /4 + ©/10 = 0,8482 va ® = (®, + ®y/2
= n/4.
Gidi:

- Chon cira s6 chit nhat W(n) nhan qua va c6 tdm ddi xung tai (M- 1)/2.

- Pé minh hoa hién tuong Gibbs, ta chon dap tng tan s6 cua bd loc thong thép Iy

tudng, ta co:
- jok <
Hd(w){; o lsn/4 (1.44)
Lay bién d6i Fourier nguoc, theo pt(1.28), ta dugc dap tmg xung h(n):
o, M-1
s h= >
/2
hy(n) = o, sinw, (n—k) . M1 (1.45)
T o (n-k) 2

Ta thiy hg(n) c6 chiéu dai v6 h(n), khong nhan qua va c6 tam ddi xtmg 1a k trong
mién thoi gian. Néu ta chon k = (M- 1)/2 thi hon c6 tdm do6i xtng tai (M- 1)/2.
Nhén h(n) véi cira s6 chit nhat w(n), dap tng xung cia bo loc trd nén nhan qua va
c6 chiéu dai hiru h(n):
h(n) = hd(n) .w(n)
Hinh 1.16. Minh hoa dap vng xung h(n) voi M = 61.

4 re

60 n

30

Hinh 1.16: Pap iing xung h(n) dwoc cdt tir hy(n) va civa sé chit nhdt M = 61

Dép tng tan sd cua hé thdng duogc thiét ké la:
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H(o)=H,(0)* W(o) = i ’]Hd(v)W(w - v)dv

. M
| % pMl ML sin( @ —v) —
=— Ie T 2 2 gy
27 _ oo (@ —v) (1.46)
L Sin > ’
2
M-t osin{w —v)—
7 A 2 4
27 (@ —v)

Hinh 1.18 vé dac tuyén dap wng bién do cua bo loc voi M =9, M =61 va M = 101.

Ta thdy, khi ting M, d6 gon song dai thong va dai chin ¢ bién d6 khong giam va
trong ca ba truong hop, chi ti€u vé d6 gon da dé ra chua dugc thoa man. Tuy nhién, do
rong dai quéa do duogc cai thién (thu hep lai) khi M tang.

Pé 1am giam nhitng gon séng 16n trong ca dai thong va dai chin, ching ta ¢ thé st
dung cac ham ctra s6 ma no chtra dung mot dinh nhon va suy giam dan vé zero thay vi
dot ngdt nhu ham cura s6 hinh chit nhat.

Mot s6 ham cira sd tiéu biéu thuong dugc dung trong thiét ké mach loc FIR duoc
trinh bay trong bang 1.1 va dang ciia mot s6 cira s6 dugc trinh bay trong hinh 1.17.
Nhitng ham cira s6 nay c6 cac mui bén (sidelode) thip hon so véi ctra s6 hinh chit nhat.
Tuy nhién, véi cung gia tri M chiéu rong ctia méi chinh cta cac ham cira sd nay ciing
rong hon so voi cua s6 hinh chit nhat. Do d6, cac ham ctra sb nay co tac dung lam tron
(smoothing) dap tng tan sb thong qua tich chap trong mién tan sd, va két qua 1a dai qua
dd cua loc FIR rong hon. bpé giam dd rong cua dai qua d9, chiing ta tang chiéu dai cira sb,
két qua la mach loc 16n hon.

4

Hinh 1.17. Dang (bao hinh) ciia mét s6 ham cira sé trong mién thoi gian
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(c)
cua bo loc thong thdp dwoc thiét ki

(a) M

6 chir nhat.
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Hinh 1.18
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9, (b)) M =61, (c) M
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Bang 1.1. Cac ham cira s6

20 veio<n< M7l
Bartlett M-1 2n
(triangular) 7. 2n Véi 2n _ n<M- 1
M-1 M-1
21 n 4t n
Blackman |w(n)=0.42 - 0.5cos v -+ 0.08 scos
2T n

Hamming |[w(n) =0.54 - 0.46 cos

2t n
M-1

H(n)ning w(n) = %(1 - COS )

)
NG

M-1
Lanczos w(n) =
. - -1
1, voi n— SOLT,O<OL<1
n—(1+(x)(M2_1]
—| 1+cos ,
Tukey (Ha)[M—lj
2
VoM=L <y Mo
2 |7 2

Ghi chii: Cura s6 Kaiser 12 mot cura s6 gﬁn t6i wu, nd duoc thanh l1ap tor ham Bessel
bién dang loai mot bac khong Iy(x). Trong cong thirc dinh nghia ctra s6 Kaiser (Bang
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1.1), tham s6 (c6 tac dung stra dang ctra s6. V&i mot chiéu dai M xac dinh, do rong cua
mui chinh DW trong dap tmg bién d6 cua ctra s6 sé gia ting theo . Vi vay, véi clra sO
Kaiser, ta c6 thé diéu chinh DW va hé sd A bang cach thay doi tham s6. (Tuy nhién, vi
biéu thirc dai s6 cua cira sd nay kha phure tap, khong than thi¢n véi nguoi dung, nén viée
str dung né ciing c6 h(n) ché.

Bang 1.2 trinh bay cac dac tinh quan trong cua mgt s6 ham ctra s6 trong mién tan

s0:
Bang 1.2
Loai cira s6 Do rong Xap xi ciia vung qua do Pinh mui trén (dB)
Retangula 4p/M -12
Bartlett &p/M -27
H(n)ning 8p/M -32
Hamming 8p/M -43
Blackman 12p/M - 18

Hinh 1.19.a, b, ¢, d, e lan lwot trinh bay dép ing bién do (dB) ciia bé loc théng thdp
c6 tan s6 cit 1a @ = /4= 0,7814 rad/sample (twong tng v6i £ = 0.121 cycle/sample),
duoc thiét ké bang cac ctra s6 Rectangular, H(n)ning, Hamming, Blackman va Kaiser ¢
cung chiéu dai M = 61. So sanh céc bd loc b, ¢, d, e vi bd loc duge thiét ké béng clra s6
chit nhat (a), ta thay su anh huong hién twong Gibbs ¢ canh dai thong duoc h(n) ché va
két qua 1a mui bén co dinh thap hon. Tuy nhién, d6 rong cta dai qué d6 lai gia ting.
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(e) Bo loc thong thap FIR duoc thiét ké v6i ctra s6 Kaiser (M = 61, p =4)
Hinh 1.19: Pdp iing bién do (dB) ciia bé loc thong thap cé tan s6 cdt la
@. = w4 = 0.7854 rad/sample duoc thiét ké bc%ng cdc logi cira s6 khdc nhau
c6 cung chiéu dai M=61

1.2.2. THIET KE BO LOC FIR PHA TUYEN TINH BANG PHUONG PHAP LAY
MAU TRONG MIEN TAN SO

Bo loc FIR pha tuyén tinh (linear-phase fir filters) 1a mot loai bo loc don gian vé
mat thiét ké 1an thuc hién. Nhu ta s& thay, chi ¢6 bd loc FIR méi c¢6 thé co pha tuyén tinh
va bo loc IIR khong thé ¢ pha tuyén tinh. Trong nhiéu tmg dung thuc té, chang h(n) nhu
thong tin s6, su méo pha (méo tré) khong thé chép nhan dugc, vi vay bd loc pha tuyén

tinh duoc dung rong rai.

Mot bo loc FIR chiéu dai M c6 dap tmg tan sb la:

M-1
- jwk
H(w)=§b/¢e E (1.47)

Céc hé s0 G cua bd loc cling chinh 1a gia tri cua cac mau trong dap rng xung cua
no:
b, 0<n<M-1

h(n) = (1.48)

»

0 nguoc lai

(Trong pt(1.46) chi sd trén cta tong duge chon 1a M-1 dé dap tmg xung c6 chiéu dai M).

B6 loc ¢6 pha tuyén tinh khi dap ing xung h(n) ctia né thoéa man cac diéu kién d6i
xtng. Ta xét 2 diéu kién d6i xting khac nhau nhu sau:

1.2.2.1: Piéu kién xung h(n) = h(M-1-n) (1.49)
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bé chung to6 mét bo loc thoa diéu kién d6i xung nay 1a bd loc pha tuyén tinh ta xét
hai trudng hop M 1é va M chan.

Vidu 1.1: Truwong hgp M 1é

Gia sir chon M = 1, diéu kién ddi xtmg 1a: h(0) = h(4); h(1) = h(3); h(2) 13 tdm dbi
xtmg (khong c6 mau tuong ng).

Pép tng tan s H(w) 1a:
H(w) = h(0) + h(1)e?™ + h(2)e?™" + h(3)e ™ + h(4)e*™
= 3¥[h(2) + h(0)e™ + h(4)e??” + h(1)e™ + h(3)e?™]
Vi h(0) = h(4) va h(1) = h(3) nén H(w) c6 thé viét lai la:
H(w) = e"[h(2) + 2h(0)cos2w + 2h(1)cosw] (1.50)
Trong pt(.50), thira s6 trong dau ngodc ¢ gid tri thuc . Ta ky hiéu 1a:
H,(w) = h(2) + 2h(0)cos2w + 2h(1)cosw (1.51)

Bién do cua dap Gmg tan sb la:

fH(w)i = tH/(w) (1.52)
bac tinh pha cia mach loc la:
b, 0sn<M-1
h(n) = | (1.53)

0 nguoc lai

Ta thay, ddc tinh pha q(w) la mot ham tuyén tinh ctia ® trong ca hai truong hop
H,(ow)dwong hodc am. Khi Hy(®) d6i diu tir dwong sang 4m (hay nguoc lai), q(w) thay d6i
d6t ngdt mot lwong 13 © radians. Néu su thay doi pha ndy xuat hién & bén ngoai dai théng
(trén dai chan) ta s& khong can quan tdm, vi tin hiéu mong muén di qua bd loc khéng c6
ndi dung tan sb & trong dai chan.

Vi du 1.6: Truong hop M chin
Gia st chon M = 4, diéu kién d6i xtmg 1a: h(0) = h(3) ; h(1) = h(2).

Trong trudng hop nay, mdi mau caa h(n) déu c6 mau ddi xting. Tuong tu nhu trén
ta tim dugc dap ung cua bo loc la:
H(w)=e " [211(0) cos(%“’) +2h(1) cos(%)] (1.54)

Pt : H,(®) = 2h(0)Coy + 2h(1)Coy (1.55)
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Bién do cua dap Gmg tan s6 1a: [H(®)| = [Hy(o)|
va pha la:

_3e neu H,(w)>0

0(0) = 32 (1.56)
-——g)—+7r neu H, (w)<0

Mot lan nita, pha cua bd loc 1a tuyén tinh va nhady mot lugng 1a © ¢ nhiing tan s6 ma
Hr(m) d6i giu.

Tir hai hai vi du trén, ta cé thé ngoai suy cho truong hop tong quat voi chidu dai M
bat ky.

Tong quat, dap tng tan sb ciia mot bo loc FIR c6 dap tng xung h(n) thoa diéu kién
dbi xtng (1.49) 1a:

_ (M -1
H(o)=H, (o)e 2 (1.57)
M-1) M2 M-1 , '
H (w)=h (—3—)+2 Y h(n)cosw -n|, néuMle. (1.58)
n=0
(M/2)-1 M"'l
H(0)=2 )’ h(n)cosw( 5 —n) ,  néu M chin. (1.59)
n=0 * R

Dic tinh pha ctia bd loc cho ca hai trudng hgp M chan va M 1¢ 1a:

(M _ 1) ,néu M chén
— w__.__.—

o(w)= 2 ,
_w(ﬂz;l_)” néu M 1é. (1.60)

1.2.2.2. Piéu kién déi xirng: h(n) = -h(M-1-n) (1.61)
Trong truong hop nay ta goi dap (mg xung 1a phan dbi xtmg (antisymmetric). Khi
M 1¢, diém trung tdm cta h(n) phan d6i xtmg 1a n = MT_I Piéu kién (118) ham ¥ rang: n

= —Mz‘l =0 Vidy, Néu M = 1, ta ¢6 h(0) = - h(4); h(1) = h(3) va h(2) = 0. Khi M chdn,

mdi mau cua h(n) c6 mot mau twong tng ngugc dau.

Tuong ty nhu trudng hop d6i xtng thir nhét, ta c6 thé chirng minh ring, dap tng tan
s6 ctia bd loc FIR voi dap img xung phan ddi xtmg c6 biéu thire 1a:
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H(w)=H, ()¢’ (1.62)

(M=3)/2 M-1
H(0)=2 > Hn)sinw ( - ) M1 (1.63)
n=0
(M/2)-1 M-1 , M chin (1.64)
H \w)=2 n)sinw -n
(=23, Hosino (M)
Dic tinh pha ctia bd loc cho ca hai trudng hop M 1€ va M chan la:
—;E—a)(M_l), neu H, (0)>0
O(w) = (1.65)
—35”——60(—]‘12:—1) , neu H_ (w)<0

Céc cong thic dap Gng tan sd tong quat nay dugc dung dé thiét ké cac bo loc FIR
pha tuyén tinh véi dap Gmg xung dbi ximg hodc phan déi xtmg.

Chu ¥ rang, trong cac pt(1.11) va pt(1.16), s6 hé sb can thiét dé xac dinh dép Gng

1

M*1 1 hi M 1& hay khi M chin. Trong céc pt(1.63) va pt(1.64), vi n = MT_

tan soO la

A

nen

Lo hé sb khi M 1¢ va hé s6 khi M chin can duge xac dinh.

1.2.2.3. Chon dap @rng xung va tinh cac h€ so tir cAc mau trong mién tan so

Viéc chon dap mg xung dbi xtng hay phan ddi xtmg tily thudc vao ung dung. Vi
du, néu h(n) = -h(M-1-n) va M 1¢, theo pt(1.60) thi H,(0) = 0 va H,(r) = 0, két qua la dap
g xung phan ddi xtimg khong phu hop cho mach lac théng thap hodc thong cao. Tuong
tir, néu chon dép mg xung phan d6i xting va M chén, thi theo pt(1.60) ta c6 H,(0) = 0.
Két qua 1a ta khong thé chon diéu kién phan ddi xtng trong viéc thiét ké bo loc thong
thip FIR pha tuyén tinh. Nguoc lai, néu chon diéu kién ddi xtmg h(n) = h(M-1-n) thi s&
duoc bo loc FIR pha tuyén tinh v6i dap tng tan s khac 0 & o = 0, d6 la:

M -1 M=-3)/2 ,
H,(O):h( )+2 > h(n), neuMIg (1.66)
n=0
(M 12)-1 , .
Va H,(0)=2 ) h(n), néu M chin (1.67)
n=0

Mbi phuong trinh trong cac pt(1.11), (1.16), (1.60) va (1.61) déng gop mdt tip cac
phuong trinh tuyén tinh dé xac dinh cac hé sd cia mach loc FIR. Két qua la, néu ta xac
M+1 M +1

dinh dugc dap tmg tan sb o 5 hay 5 hay diém trén truc o, ta phai giai mot tap

twong Ung cac phuong trinh tuyén tinh dé tim cac h¢ s6. Mac du céac gié tri cia ® cé thé
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duoc chon mot cach tiy y, nhung ta thudng mudn chon nhimg diém cach déu nhau trén
truc tan s, trong khoang O£ w £ p (léy mau déu trong mién tin sé). Vi vay, ta s¢ chon
cac tan sb 14y mau nhu sau:

Truong hop chon dap tmg xung dbi xing

a)kzgﬁ; }’czl),l,...—]vf—_—1 M 1é
M 2

k

0,1,....%--1; M chin (1.68)

Ta dinh nghia:

a,, =2cos a)k( —n), véi tit cak

VanéuM 16 thi a, =1 khi n=ﬂ2:l (1.69)

Khi d6, cac phuong trinh tuyén tinh (1.11) va (1.16) cho bd loc FIR d6i xting trd
thanh:

M-1)/2 M___l
Y. a,h(n)=H, (0,),k= 0,1,...,——2—, M lé (1.70)
n=0
M 12)-1 M

a, h(n)y=H, (o, ),k=0,1,...,—2-—1, M chin (1.71)

Truong hop chon ddp g xung phan déi ximg

M+T 4idm khi M 16 va

Truong hop nay, ta can xac dinh cac hé s twong ing vdi

diém khi M chén trén truc ®. Vi cac pt(1.60) va pt(1.61) ham y rang H,(0) = 0, doc lap
voi su chon cac hé sb {h(n)}. Vi vay tan sd @ = 0 khong thé dugc dung dé xac dinh cac
thong sb ctia dap tng tan sb.

Khi M 1¢ thi rat d& dang, ta c6 thé xac dinh Hr(w) o diém céach déu nhau trén truc
tan s6. Cac diém nay cé thé duoc chon nhu sau:

o, =—2Aﬂ7k~ vt k=1,2,....,§4{—17

Khi M chan, ta can G diém tan sé, vi ta khéng thé sir dung @ = 0, ta cé thé sir dung w =p.
ajoh(0) +a;;h(1) =H,() =

Trong d6: agy = 2; ag; = 2; a10 = -~2 ; a;; = ~/2 . Cac phuong trinh tuyén tinh nay
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duogc viét dudi dang ma tran:
[A] [h] = [H,] (1.17)

trong do:

1
2 2 h
A= 5 h:[ (0):|, H,_: 1
V2 V2 h(1) 5
Giai phuong trinh ma tran trén ta dugc:

h(0) = —— (V2 ~1)=0,0732232 = h(3)

(V2 +1)= 0426776 = h(2)

1
42
1
h(l) = ——
e 42

Dap tmg tan s6 cua bo loc 1a:
3_10
H(w)=H,(w)e?

voi H, (0)= ——?[(ﬁ—l)cos%—) + (\/5 + 1)cos -azijl

Dic tuyén dap tng bién do |h(w)| va 20log/H,(»)| dugc v& trong hinh 1.20. Ta thay
day 1 loc thong thap.

H. (@)l
1 T T
T B :
I N M S
0 -eeeeees e
0.2F--------- o R Gt
i i L w
D >
0 1 2 an 4
Tém lai, tap cac diém tin sé dugce chon nhu sau:
o, =2 v&i ;k=12,... Ml.Mie
M { 2
k= 1,2,.....%; M chin (1.72)

Mot su chon lua khac hoan toan c6 thé tranh truong hop Hw) =06 o =0 (va o =
n) do la:
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27‘[(k+lJ
o, =— 22, 6 _k=12,.... Mz;l;Mlé

M {
k=12,.... -Azi-l;Mchan (1.73)

Vi bat ky su chon lya nao trong cac trudng hop trén, ta dinh nghia:

by = 2 sin @y (Mz‘l—nj (1.74)

Thi cac phuong trinh tuyén tinh.(4.71) va (4.76) cho bo loc FIR phan ddi xing tré
thanh:

(M=3)/2 M—1

> b,h(n=H (o), k= 1,2,...,—2—, Ml1é (1.75)
n=0
(M /2)-1 M -
b, h(n)=H, (»,), k= 1,2,...,7, M chén (1.76)

n=

Tap tan s6 cho bai pt(1.70) ciing c6 thé duoc dung trong pt(1.73) va pt(1.74) thay vi
dung tap tan sé cho boi pt(1.61).

Vidu 1.7:
Hay xéac dinh dap (mg xung h(n) ctia bd loc FIR pha tuyén tinh, c6 chiéu dai M = 4.

bap tng tan sb Hw)taio=0vaw= % duoc xac dinh nhu sau:

) 1
H@O=L H|—-|=—
2) 2
Gidi:
Pay 1a bai toan thiét ké mach loc kha don gian, cac théng s chua biét 1a h(0) va

h(1). Tap cac phuong trinh tuyén tinh la:
agoh(0) + ag;h(1) =Hy(0) = 1
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Hinh 1.20. Bdc tuyén vmg bién dé ciia bé loc FIR pha tuyén tinh trong vi du 5.7
Vidu 1.8:

Hay xéc dinh cac hé sé cua bd loc FIR tuyén tinh pha ¢ chiéu dai M = 11, dap ung
xung d6i xtmg va dap ung tan sb thoa mén diéu kién:

1 :k=0,1
Ht(_z_ﬂi)z 1k =01273
15

0 k=45,6,7
Gidi:
Day 1a mot mach loc kha dai, hon khong thé tim dugc néu khong c6 su hd tro cla

may vi tinh trong viéc giai hé phuong trinh tuyén tinh. Lap trinh trén mdy tinh dé giai hé
phuong trinh ndy, ta c6 thé thu duoc cac nghiém nhu sau:

h(0) = h(14) = 0,04 981188 h(1) = h(13) = 0,04120224

h(2) = h(12) = 0,06666674 h(3) =h(11) = - 0,03648787
h(4) = h(10) = - 0,1078689 h(1) = h(9) = 0,03407801
h(6) = h(8) = 0,3188924 h(7) = 0,4666666

bép tng tan s6 cua mach loc thu duge trong hinh 1.21. Ta théy, bd loc nay c6 mot
vot 16 (overshoot) & canh dai thong & phia trude dai qua do. N6 cling cd cac mai bén
(sidelobe) kha 16n trong dai chin, méi bén 16n nhat 1a - 11 dB.
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Hinh 1.21: Ddc tuyén ddp vmg bién dé ciia bé loc FIR pha tuyén tinh
chiéu dai M = 15. trong vi du 5.8
Nhén xét:

Trong vi du trén, ta di minh hoa bai toan thiét ké bo loc FIR pha tuyén tinh véi dap
g tan s thay d6i dot ngot tir dai thong (H,(w,) = 1) sang dai chin, trong dai chin H(m)
duoc xac dinh béng 0 & cAc tan sd roi rac. Ta théy bd loc c6 cac mui bén kha 16n, day la
diéu khong mong mudn.

Trong vi du sau ddy, thay cho sy thay doi dot ngdt, ta xac dinh mot gia tri trung gian
ciia H(w) trong dai qua do. Pap tmg tan sd s& co cac mui bén nho hon nhiéu trong dai
chan.

Vidu 1.9:

Thuc hién lai bai toan thiét ké trong vi du 4.11 véi céc chi tiéu cua dap Gmg tan sd
la:
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1 k=023
H,(E”i]m 0,4; k=4

0 k=567

Gidi:
Trong trudong hop nay, cac hé sb ciia bo loc thu duogc tir viée gidi cac phuong trinh
tuyén tinh la:

h(0) =h(14)=-0,01412893  h(1) =h(13) =-0,001941309

h(2) = h(12) = 0,04000004 h(3) =h(11)=0,01223414
h(4) =h(10) =-0,09138802 h(1) =h(9) =- 0,01808986
h(6) =h(8)=0,3133176 h(7)=0,12

Nhén xét:

Mach lgc thu dugc co6 dap ting tan s6 duoc vé trong hinh 1.22. Ta théy cac mui bén
by gio thap hon trong vi du trudc, mui bén 16n nhat 1a -41 dB.

Trong vi du nay, ta d@ md rdng dai qué do do 1a mdt su bét loi, nhung ta da thu
dugc mot loi ich 16n hon, d6 1a gidm dugc cdc mai bén mot cach dang ké. Nhu vay, cO
hai hiéu Gng nguoc nhau, néu ta dua thém vao cac chi tiéu cua dap tng tan sé trong dai
qua do thi bién do cia cac mui bén sé giam, trong khi d6 bé rong dai qua do lai tang. Tat
nhién ta can c6 su can nhic cho hop 1y.

4
H ()
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¥ ¥ t
t i 4
1 1 1
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Hinh 1.22. Ddc tuyén dép ving bién do cia b loc FIR pha tuyén tinh
chiéu dai M = 15, trong vi du 5.9.

Vidu 1.10:

Hay xac dinh cac hé sb cua mach loc FIR pha tuyén tinh M = 16 ma dap ung xung
ctia nd ddi xtng va dap umg tan s6 thoa mén diéu kién;

0 k=017
H,(%j =40,456 k=26
15
ll k=345

Gidi:

Giai hé thong cac phuong trinh tuyén tinh, ta thu dugc dép tng xung h(n):

h(0)=h(11)=0,01011716 h(1) = h(14) = 0,02774791
h(2) = h(13) = 0,04067173 h(3) =h(12) = - 0,02017317
h(4) = h(11) = 0,04840164 h(1)=h(10)=-0,111712
h(6) = h(9) = - 0,266221 h(7) = h(8) = 0,3362424

Day 1a mach loc thong dai, c6 dap tng tan s6 dugc ve tro inh 4.23 mui bén 16n nhat
trong dai chan gidm xudng con -34dB.

Cudi cung, viéc chon cac tan s6 oy dé xac dinh cac chi tiéu ctia dap ung xung ctua
b loc can dya trén tan so cat hay tan so canh ddi thong @, va canh dai chan w;. Ta co6
thé chon chi€u dai M cua bd lgc sao cho trong céc tan sd6{w,} c6 tan s6 trung hoac gan

trung vo1 o, .

Nguoi thiét ké ciing c6 thé chon 1 tap tin s6{m,} tiiy ¥ khong can phai cach déu, sao
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cho n6 phu hop nhét véi cac chi tidu ciia dap ung cho trude.
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Hinh 1.23: Ddc tuyén dap iing bién do ciia bo I6n FIR pha tuyén tinh
chiéu dai M = 16, trong vidu 5.10.

1.2.2.4. Cong thirc tinh h(n)

- Muc dich cua ta 1a tim d4p ung xung h(n) cua bd loc c¢6 dap ung tan sd mong
mudn, tr d6 xac dinh ham truyén dat (hay phuong trinh sai phin) va xay dung ciu tric
ctia bo loc. Trong muc 1.2.2.3. ta da tinh han bang cach giai cac hé phuong trinh tuyén
tinh (1.70), (1.71) hodc (1.75), (176), tong quat hon 12 phuong trinh ma tran (1.77). Theo
d6, ta phai x4c dinh ma tran cac hé s6 akn (ma tran [A]) hay ma tran cac hé sé bkn (ma
tran [B]), va sau d6, dé giai phuong trinh ma tran (1.77) (trudng hop chon dap umg xung
phan d6i xtng ta thay ma tran [A] bang ma tran [B]), ta phai tinh ma trdn nghich dao.
Viéc 1am nay rd rang 13 tén nhiéu thoi gian va cong strc. Vi vy, ta mudn thiét 1ap mot
cong thirc sao cho co thé tinh tryc tiép h(n)).

Trudce tién, ta xac dinh dép ing tan sb mong mudn & mot tap tan sb roi rac cach déu
nhau {wk}:

2

a)k=ﬁ (k + ) vé61i a=0hodc a=- (1.7 8)

| —
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Vak=0,1,2 MT_I khiM1é, k=0, 1, 2% khi M chin.

Sau d6 tim d4p ung xung h(n) cta bd loc FIR tir cac mAu trong mién tan s6 da chon.

Theo dinh nghia, dép (g tan s6 ctia bd loc FIR c6 chiéu dai M la:

M-l .
H(w)= ) h(n)e ™" (1.79)
n=0

Gi4 tri cuia dap tng tan sd tai cac tan sb {o,}1a:
27 < 2n(kea)nl M
— - —J27(K+a)n/ iy
voik=0,1,2,....... ,M-1

M -1

Do H(k+a) c6 tinh doéi xtrng, nén céc tan so chi dinh c¢6 thé giam xudng con

néu M ¢, % néu M chin. Tuy nhién, & day ta mudn khao sat dic tinh tin s6 & M diém
nhu da chi dinh & pt(1.80).

j2n2 m
eJ

Pé xac dinh dugc h(n) tir H(k+o.), ta nhan hai vé ctia pt(1.80) véi

, trong d6 m

=0, 1,..,M-1, r6i lay tong trén k = 0, 1,..., M- 1. V& phai cta pt(1.77) s& rat gon vé Mh(n)

j2n2m

va ta thu duoc:

M-1
m(n)e—jZHan/M — ZH(k+a)ej27dm/M

k=0

M-1
Hay h(n) — Xl/[_ ZH(k_I_a)efZﬂ(/Ha)n/M,n — 0,1,....,M—1 (1.81)
k=0

Ta thay trong truong hop o = 0 thi H(k) = DFT[h(n)] va h(n) = IDFT[H(K)].

Pé tim cong thirc tinh h(n), ta s& dwa vao tinh chat di ximg cta hon va gia trj cia a.
Ta chia thanh cac trudng hop cu thé nhu sau:

- a =0, hon d6i xtmg.

- & =1/2, hon dbi xtmg.

- a =0, h(n) phan di xtmg.

- a = 1/2, h(n) phan dbi xtmg.
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Ciing can chu y rang, trong cac diéu ki¢n doi xing va phan doi xung da xét, h(n)
ludn ludn co6 gia tri thyc.

Xét truong hop o = 0, hon ddi xing: h(n) = h (M-1-n)

Vi h(n) thuc, nén tir pt(1.77) ta d& dang suy ra dugc H(k) = H*(M-k), va vi hon dbi
xtrng nén tu pt(1.77) ta thu duge: (1.82)

_ (M=3)/2 L M-l
H(k)={ M2 1]-}-2 Z h(n)cosﬁ(M l—n)}e " M Mg

n=0

Va

27k —m—"{'—l
H(k)= ZS,h(n)cos M( 5 —n) e =Mchan (1.83)

Ta thiy cac sb hang trong dau ngodc { } chinh 1a cac mau ctua Hy(o) tai cac tan sd
o, =21tk/M. Vi vay biéu thirc ctia Hoa ¢ dang:

H (k)= H,(%—k—)e”mw (1.84)
Pé thuan tién, ta viét lai:
H (k) = H,(%’i)e"“e"”"“ =G (k) (1.85)
2wk 27k
do: G(k)=H ™ = (-D*H ) 1.86
Trong d6: G (k) = [M) (-H* (M (1.86)

Vi H,(2nk/M) ¢6 gia tri thuc, nén G(k) ciing 1a ddy thyc. Hon nita, tir diéu kién H(k)
= H*(M-k) dan dén két qua la:

G(k) = - G(M-k) (1.87)

Khi M chan, thi pt(1.84) doi héi rang: G(M/2) = 0, mit khac, mau ciia dép tng tan
sO tai @ = 7 phai 13 0.

Ttr tinh chat d6i xtmg cua cac mau tan sd co gia tri thue G(k) trong pt(1.84), ta cd
thé thanh 1ap cong thirc tinh dap tmg xung h(n) caa bd loc FIR.

Ta bt dau tiept(1.81) véi aa= 0

M-1
h(n) = i > H(k)e ™M n=0).2,.M-1

k=0
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j271k(n+%)/M

LY
=— Y Gk)e
M & (1.88)

(M-1)/2

= ﬁ{G(O) +2 G(k) COS% 2n+1)

},Mlé (1.89)

k=1
va

(M12)-1

h(n) = ﬁ{G(O) +2 Z G(k) cos% (2n+ 1)}’ Mchin  (1.90)

k=1

Ttr pt(1.89) va (1.90) ta c6 thé tinh truc tiép h(n) tr G(k) (hay H,(2nk/M). Trong
cach tinh nay, dé xac dinh h(n) ta khong can phai tinh ma trin nghich dao nhu di lam
trong cac vidu 1.7, 1.8 va 1.9 (giai phuong trinh ma tran (1.77)).

Ké tiép ta xét truomg hop o = %
Vi h(n) 1a day thuc, nén tur pt(1.80) ta suy ra dugc H(k+( ) = H*(M-1-k( ), hay
| |
H(k+—)=HM-k--).
(k) = HM-k-2)

Bang céach lién két tinh chat nay véi diéu kién ddi xtmg h(n) = h (M-1-n), ta thu
duoc:

1 —jﬂ(k+a)MA;—l
H(k+§)=H,(0)k)€ ] (1.91)

trong do: o =212 + k)/M; k=0, 1, 2,..., M-1, H(®y) dugc cho boi phi 11) cho truong
hop M 1é va pt(1.16) cho truong hop M chin. Ta thay pt(1.88) c6 dang cua pt(1.81) véi k
dugc thay thé bang (k + o).

Mot lan nita, dé don gian ta dién ta H(k + o)) dudi dang:

z j7t(.k+%)/ M

H(k+a)=Glk+a)e e (1.92)
Trong do:
Gk+a)=(-D*H,(0,), o, =21(k+a)/M, k=012,...M~1 (193

Tu pt(1.92) ta suy ra duwgc H(k + %) =h *(M-k-% ), tinh chat nay ham y rang:
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N 1
Gk + )= GM-k-2) (1.94)

Dua va tinh chit d6i xtmg (1.94) va tir pt(1.81) ta co:

j27ra(k+%)/M

h(n) = A—II }:H(k +%)e

] M 1 j2rtkeiyndym
=— Y —jG(k+-)e ZE
M; jG(k+2)

M-1)/2

2.

' 1 27 1 1
h(n) = Gk +=)sin=Z (k+=)n+=) M1
(n) 2 (k+ 2)Sln M( + 2)(n+2), Mg (1.95)

1 (

M
2 M 1.. 27 1 1

Va h(n)=—A7[ Y Gk +5)Sln-ﬂ—/[—(k+5)(n+§), Mchin  (1.96)

k=0

Tuong tu cho truong hop dap Gmg xung phan ddi ximg, ta thiét 1ap dugc biéu thirc
tinh h(n) tuong tng véi oo =0 va o = % . Cudi cuing cong thure tich dép tmg xung h(n) cho
4 trudong hop duoc tong két trong bang 1. 3.
1.2.2.1. Céc buéc thiét ké bd loc FIR bing phwong phap lay méu tin sé

Tir céc phén tich vira roi, ta s& tong két thanh cac budc thiét ké b loc FIR bang
cach 1dy mau dap tng tan sb.

Bwéc 1: Chon loai bo loc, chiéu dai M cua bo loc, tinh chat d6i xang cua h(n), tip
tan s6 o va chi dinh cdc mau cua dap Ung tin sb twong tng voi tap tan sd {wy}.

Budc 2: Tinh cac mau G(k) theo cong thic tuong tng trong bang 1.3.

Budc 3: Tinh dap img xung h(n) theo cong thirc twong trng trong bang 1.3.

Bwéc 4: Tinh dap ung tan sé H(0) theo cac pt(1.14), (1.11), (1.16), (1.17) hoic
pt(1.19), (1.63), (1.64), (1.65), kiém tra lai trong mién tin s6 bang cach vé& dic tuyén dap
mg bién d6 va dap tng pha. Néu chua thoa cac chi tiéu ky thuit, thi chon lai M hay tap
tan s6 {(} hay cac mau H,((k) va trd lai tir budc 2.

Bang 1.3: Cong thirc tinh dap ung xung h(n)

Poi xirng: h(n) = h(M-1-n)

H(k) = G(k)e™™ ; k=0, 1, ..., M-1

G(k) = (-1)H, (%j G(K) = - GM-K)

h(n) = %{G(O) + 2ZU: G(k) cos%(n + %)}
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U=%khiMlévé %-lkhiMchfm

H k+l = G(k + l)e-jn/2ejn(2k+ 1)/2M
2 2

o3

N | —

G k+l = (M-k-lj
2 2

h(n) = %i G(k +%) sinzﬁn(k + %)(n + %)

Phan d6i xirng: h(n) = -h(M-1-n)

H(k) = G(k)e?™?™# "M k=0, 1, ..., M-1

G(K) = (-1)H, [%] G(K) = - GOM-k)

M-1)2

a=0 ﬁ{(}(@)u > G(k)cos%(2n+l)},Mlé

k-1

(M/2)-1

ﬁ{G(ow 2 ; G(k)cos%(Zn +1)}, M chan

N | —
<[-

V=%khiMlévéV=%-lkhiMch§m

Cuoi cung la khau xay dung cau tric va thi cong bo loc.
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Ghi chu:

- Viéc chon tap tan s6 {w,} va cic miu H,(wy) twong tng dugc dya trén dap ung tan
sb cua bo loc Iy twong. Tuy nhién,.vi¢c chon H(wy) thay doi dot ngot & tan so cit s& lam
phat sinh cac gon séng trong dai thong va dai chin khong thé chap nhan dugc. Dé lam
giam bién dd cac gon séng, ta phai mé rong dai qua do bang cach thém vao mot sb mau
H,(wy) c6 gia tri trung gian trong dai qua d6 (goi 13 cac tham sé qua do). Ta thiy dé thuc
hién tbt cong viéc nay con phu thudc vao kinh nghiém cua nguoi thiét ké. Cac tham sb
qua d6 t6i wu da duoc tong két boi Rabiner (1970) (Tham khao [11] trang 377).

- Do tinh ddi xung, thay vi phai xac dinh M méu cta H.(my) ta chi can xac dinh

M+1 M-1

mau khi M 16 [twong tmg véi k =0, 1,..., ] va % mau khi M chin [twong

img véi k=0, 1,..., % 1.

Vidu 1.11:

Hay tinh céc hé sb ctiia mét bo.loc FIR pha tuyén tinh chiéu dai M = 32, ¢ dap ung
xung thoa diéu kién d6i xtng h(n) = h (M-1-n), va dap tng tan s6 thoa diéu kién:

1 ;K =20,1,2,.,5

H,2rk+a)/32 =4{T, ;K =6,

Trong d6 hé sd qua do 1a: T, = 0,3789791 véi o = 0 va T;= 0,3170496 véi o = 1/2
(theo Rabiner - 1970).

Giai:

- Ta thay day 1a bo loc thong thap va budc 1 dd ham chia trong cac diéu kién
clia dé bai. Ta thay, chi can chon M+ 16 mau cua Hy(wmy).

- Ap dung cong thire tinh G(k) va sau d6 1 cong thirc tinh hon trong bang 1.1,
tuong Ung véi truong hgp h(n) doi xing va M = 32 lan luot cho 2 truong
hop a =0 va a = '. K&t qua 1an lugt dugc trinh bay trong sau day:

M=32, o =0, T; = 0.3789795

h(0) =h(31)=-0.0071 h(8) =h(23) =0.0254

h(1) =h(30)=- 0.0031 h(9) = h(22) = 0.0399

h(2) =h(29) = 0.0059 h(10) =h(21) = 0.0028
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h(3) = h(28) = 0.0135 h(11) = h(20) = - 0.0591

h(4) =h(27) = 0.0081 h(12) = h(19) = -0.0684
h(5) =h(26)=-0.0111 h(13) =h(18)=0.0318
h(6) = h(25) = - 0.0242 h(14) =h(17) = 0.2081
h(7) = h(24) = - 0.0094 h(15) =h(16) = 0.3471
T Ho)
10
0
-10
-20
-30
-40
-50
-60
-70¢
@
-850 —
g

Hinh 1.24. Pac tuyén dap ung bién do cua b loc PIR
c6 ddp vg xung déi xieng véi M = 32,a. = 0, T; = 0.3789795

Céc két qua trong vi dy 1.11 thu duogc tir chuong trinh firsampled viét bang ngon
nglr Matlab (xem phu luc 3).

1.2.3. THIET KE BO LOC FIR PHA TUYEN TINH CO PO GON KHONG POI
BANG PHUONG PHAP LAP

Phuong phap cira s6 va phuong phap ldy mau tan sb 1a k¥ thuat don gian cho viéc
thiét ké bo loc FIR pha tuyén tinh. Tuy nhién, hai phuong phap nay ciing c¢6 vai bét loi
nhd. D6 1a thiéu sy diéu khién chinh x4c cac tin s6 gidi han nhu: tin s6 canh dai thong w,

va canh dai chan ;.

Viéc thiét ké bo loc FIR pha tuyén tinh c6 do gon khong ddi duge xem nhu bai toan
gan dung Chebyshev. Két qua s& 1a t6i wu, nhung chiing ta phai tra gia 1a viéc tinh toan s&
khé phtrc tap va phai c6 su trg gilip cia may tinh. Theo do, nhitng sai 1éch gitra dap ung
tan s& mong mudn vai dap tng tan sb thue duogce trai déu trén ca dai thong va dai chin, va
sai léch cuc dai s& duge cuc tiéu hoa. Két qua la xuét hién nhitng gon song co6 bién do
bang nhau trong ca dai thong va dai chan.

Nhu ta da trinh bay trong muyc 1.2.2, vdi mdt bd loc FIR pha tuyén tinh c6 chiéu dai
M, H,(wy) duogc xac dinh tir h(n) véi 4 truong hop dugc téng két lai nhu sau:

Truwong hop 1: Péap wng xung h(n) dbi xing, h(n) = h (M-1-n), va M 1é
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(M=3)/

H,(@)=H~ )42 3, oosa(™—

n=0

-n)  (1.97)

Néu ta dat k = [ } va dinh nghia mot tap tham s méi {a(k)} nhu sau:

2—n
h(E);k =0
a(k) = o
2h(——2:——k);k=1,2,...,(M—1)/2
(M=1)/2
Ta ¢6: H, (0)= Y a,coswk (1.98)
k=0

Truwong hop 2: Pap wng xung h(n) dbi xitng, h(n) = h(M-1-n), va M chiin

(M 12)-1 _
H, (w)=2 h(n)cos a)(M 1

n=0

- n) (1.99)

Péi chi s6 tir n thanh k = va dinh nghia mét bo thong s6 méi {b(k)} nhu sau:

-n
—on[ M ). = M
b(k)—2h(2_kj,k L2 (1.100)
Ta co:
M2 1
H, (o) = Zb(k)cosw(k—g) (1.101)
k=0

Pé thyc hién viéc t6i wu hoa, ta viét lai pt(1.98) dudi dang:

(M 12)-1

H (0)= cos% 3" B! (k) cos ok (1.102)

k=0

v6i cac hé sd {b’(k)} quan hé tuyén tinh véi cac hé s6 b{(k)} nhu sau:

b'(0) = %b(l)

b'(k)=2b(k)-b'(k~1); k=12,..,M/2-2

o4l

Trwong hop 3: Dap ing xung h(n) phan débi xung, h(n) = - h(M-1-n), va M 1é

(1.103)
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Trong trudng hop nay Hy(w,)co biéu thuc la:

(M-3)/2 _
H (0)=2 ), h(n)sina)(M 1

n=0

—n) (1.104)

Ta ciing thay doi chi s6 n cua téng bang k = [?} va dinh nghia tap thong sb

moi:
c(k)=2h(—AiI——l—k); k=12,.,M1 (1.105)
2 2
Pt(5.101) tr¢ thanh:
(M -1)/2
H,(0)=2 ) c(k)sin ok (1.106)
k=1

Nhu trén, dé thuén tién, ta sip xép pt(1.106) dudi dang:

(M-3)/2

H, (o) =sinw Zc'(k)cosa)k (1.107)

Véi cac hé sé {c'(k)} quan hé tuyén tinh voi cac hé s6 {c(k)} nhu sau:
,(M -3) (M - 1)
cC|——|=¢ ——
2 2

.......................................... (1.108)
M-5
2

ck=1)—c'(k+1)=2c(k); 2<k<

c'(0)= %c' 2)=c()

Truong hop 4: Pap vng xung h(n) phan d6i xing, h(n) = - h(M-1-n), va M chén
Trong trudng hop nay H,(w,)co biéu thic 1a:

(M/72)-1

H (w)=2 h(n)sina)(Mz_l—n) (1.109)

n=0

Ta ciing thay ddi chi s6 n cua téng bang k = {% - n} va dinh nghia tap thong sd.

d(k)=2h(%1——k); k=12,... % (1.110)
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Pt (5.106) tr¢ thanh:

M2 ] 1
H,(w)=zd(k)smw(k-§) (1.111)
k=1
Nhu trén, ta sip xép pt(1.108) dudi dang:
® (M 12)-1
H,(a))=sin5 D" d'(k)cos wk (1.112)
k=0

Véi cac hé sd {d'(k)} quan hé tuyén tinh v6i cac hé sé {d(k)} nhu sau:

)

d'(k-D-d'(k)=2d(k); 25k~ (1.113)
d'(O)—%d'(l)=d(l) )

Biéu thuc H(my)trong bdn trudng hop co thé duge biéu dién dudi dang tong quat
nhu sau:

Hi(w) = Q(W)p(w) (1.114)

Véi Q(w) va P(w) dugc dinh nghia trong bang 1.4.

Béang 1.4
Truwong hop Loai mach lgc Q(w) P(w)

M-1

1 h(n) = h(M-1-n), M 1& 1 ia(k) cos ok
k-0
M

> ® 2

2 h(n) = h(M-1-n), M chan cos? Zb' (k) cos wk
k-0
M3

3 h(n) = - h(M-1-n), M 1¢ sinw S ¢'(k) cos ok
k-0
M,

4 h(n) = - h(M-1-n), M chén sin sz' (k) cos®o
k-0

Tong quat, Q(w) va P(w) c6 thé dwoce dién ta nhw sau:
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~ 1 ; (Truomg hop 1)

Qlw)= cosf)z— ; (Trudng hop 2) (1.115)
sinw ; (Trudong hop 3)
> sin% ; (Trudng hop 4)
P(w) = ioa(k)cosa)k (1.116)
x=

v6i {a(k)} 1a cac tham sb dic trung cho bd loc ma nd cd quan hé tuyén tinh voi dap ung
xung h(n) va:

- Mi_l.; (Trudng hop 1)
M-3
L= = Truong hgp 3
< > ( ng hgp 3)
e M . p >
(5 -1 (Trsonghop2va4)

Ham sai so ¢6 trong so E(m)

Ta théy Q(m), P(w) 1a cac ham co6 gia tri thuce, trong d6, Q(w) 1a mot ham ¢ dinh da
biét va P(w) 1a mot ham can phai tim. Goi Hy(w) 13 dap Gmg tan s mong mudn co gid tri
thue, Hy(®) duge chon mot cach don gian 13 bang 1 trong dai théng, bing zéro trong dai
chin (Xem dap tmg tan s6 cua bd loc 1y tuong hinh 4.7, chuong4). Véan dé cua ching ta
1a phai tim cac hé s6 a(k) ciia P(w) giita dap tmg tan sé H(w) cta bo loc thuc té va dap
g tan s6 Hy(w) ctia bo loc 1y tuong 1a nho nhat. Dé thyc hién diéu ndy, ta dinh nghia
mot ham trong s trén sai sd gan dung (the weighting function on the approximation
error) W(®). Tt viéc chi dinh Hy (o) va W(w), sai sd gitra bo loc s thuc té va bo loc sd 1y
tuong dugce danh gia ham sai s6 ¢6 trong sé E(®) nhu sau:

E(w) = W(w)[Hu(W)-He(W)]
=W(W)[Hq(W)-Q(W)P(wW)]

H, (@)
)

= W(a))Q(a))[ —P(w)] - (1.117)

Vé mit qui udc toan hoc, ta c¢6 thé dinh nghia mot ham trong sé bién dang:

W(w) = W(@)Q(®) (1.118)

Va dap tng tan sb bién dang:
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H, (o)
Q(w)

Viy: E() = W@, (0)-P@)) (1.120)

H,(0)= (1.119)

Pt(1.120) duoc sir dung cho tat ca 4 loai bd loc FIR pha tuyén tinh da trinh bay &
trén.

Bai toan gﬁn ding ¢ day la xac dinh tap h¢ s6 sao cho n6 cuc tiéu hoa duoc gia tri
tuyét ddi cua sai s6 E(o) trong cac dai tan ma ta thuc hién thuc hién phép tinh gin dung.
Ta giai quyét van dé nay bang cong thic toan hoc sau:

W(a))[f}d, (co)—lgo a(k) cos wk}l

Min{Maxl E(w) I] = Min| Max

Ya(K) weS Va(w) C!)GS

Trong d6: S bao gdm dai thong va dai chin ctia mach loc mong muén.
Xac dinh ham trong sb W(w):

Ham trong s6 W(m) c6 thé duge xac dinh bang cach so sanh dap g bién do cua bd
loc thuc té v6i dép g bién d6 cua bo loc 1y tuong. Vi du, ta xét mot b loc thong thap
FIR thuc té véi tan sd canh dai thong 1a ap, tan s6 canh dai chin 13 o, (xem lai cac tiéu
chuan k§ thuat duogc trinh bay trong dit tuyén dap tng bién d6 cta bo loc thong thap hinh
4.9, chuong 4).

Trong dai thong, dap (mg tan s6 thoa dicu kién:
1-d; £ Hi(w) £ 14d; 5 £w; hay | [Ha(W)| - [H(W)| | = d, _. (1.122)

Trong dai chin, dap tng tan sb thoa diéu kién:

-d; £ H(w) £ dy ;> Ws hay | [He(W)| - [He(W)| | = da (1.123)

O day: &, 1a gon séng dai thong, 8, 1a gon song dai chin.
(05-0,) 1a do rong dai qua do.

Néi chung, d;d, nén ham trong sé ¢6 thé duoc chon khac nhau trong dai théng va

dai chan va viéc chon W(w) phu thudc vao gia tri cua d; va d,.
Ta dat:
0 = max|E(w)| (1.124)
thi:
d = max[d;, d,] (1-125)
Gia st d; > d, thi ta co6: d; = d,, khi d6 ham trong $6 s& duoc chuin hoa béng 1 o dai
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chan va bang d, /d, & dai thong, tirc 1a:

W(a))={%— & dai thong (1.126)
1
1 & dai chin

*

Parks va McClellan (1972) da van dung phép xap xi Chebyshev, cu thé 1a dinh 1y
xoay chiéu (Alternation theorem) dé gidi bai todn nay.

Dinh 1y xoay chiéu: Goi S 1a mot tap con trong khoang tan s6 [0,m), diéu kién can

L
va mién du dé cho P(w) = Za(K ) cos wk xap xi voi Hy,(@) mot cdach tot va nhat va duy
k=0

nhat theo nghia Chebyshev trong S la ham sai sé E(w) ton tai it nhat L+2 thanh phan tan

s6 cuee tri trong S. Nghia la phdi ton tai it nhdt L+2 tan sé w; trong S sao cho:
o <@y <...|0p,, Ko,)l=-Hw,,)
va
| E(w,) |= Max | E(w)| v6ii=1,2,3,...,L+2..

Ta thay rang, ham sai s6 doi dau giita hai tan s6 cuc tri ké nhau nén dinh 1y nay
duogc goi la dinh 1y xoay chiéu.

Dé 1am 16 dinh 1y xoay chiéu. Ta xét trudng hop thiét ké mot bo loc thong thap voi
dai thong 1a O£w£w,, va dai chan 1a wfwEw, .

Ta co:

E(0)=W)H, (0)-H, (o)]

Vi W(w) va Hdr(o) c6 gia tri hang (trén timg doan) nén:

dE d dH (w
@) _ 4 W)t @) H, @)} =-W@) 22
do do do
Ta cho dao ham béng 0 dé tim cuc tri:
dE@) _, @) (1.127)
do do

T pt(1.123) ta thdy rang cac tan sb o; twong tng voi cac dinh ctua E(w) ciing tuong
ung voi cac dinh cia Hr(w), vdi do sai 1éch cho phép. Vi H(w) 1a mdt da thuc lugng giac
bac L, gid s thiét ké bd loc tng véi truong hop 1, ta co:

H,(a))=ia(k)cosco k=ia'(k)[iﬂnk(cosw)"]=ZL:a‘(K)(cosa))" (1.128)

n=0
Ta nhan thdy Hr(o®) c6 thé c6 (1-1) cyc tri trong khoang m¢ 0<w<m, thém vao d6 o
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=0 va ® = n thudng 14 diém cuec tri ctia H(o) va ciing 13 cta E(m). Ngoai ra, ® = ®p Va ®
= @, cling 1a diém cuc trj cta H(w). Vay co nhiéu nhit 13 L+3 tan s6 cuc tri trong ham
sai s6 E(w) cho sy x4p xi duy nhat va t6t nhat véi bo loc thong thip 1y tuong. Mit khac,
dinh 1y xoay chiéu phat biéu rang phai c6 it nhat L+2 tan s cyc tri trong E((0). Vi vy,
E(®) cia bd loc co thé c¢6 L+3 hodc L+2 cuc tri.

Dinh Iy xoay chiéu bao dam mét 10i giai duy nhat cho viéc x4p xi t6i vu Chebyshev.
Tir cac tan s6 cyc tri mong mudng chiing ta c6 hé thong phuong trinh:

W(a)n)‘_l:[dr(wn)_l)(a)n )J:(_l)"é‘ voi n=0,1,...,L+1 (1.129)

Cuia ham sai s6 E(), néu ta chon W(w) nhu trong pt(1.126) thi, hé pt(1.129) c6 thé
duoc viét lai:

-D"é

Po)+~——=H, (®,) ,n=012,...,.L+] (1.130)
@)
L )5,
oy Ya®eos@, 0+ S22 i, 0) .3
= W(,)

Néu ta xem a|(k)| va (nhu 13 cac tham sb da dugc xac dinh, pt(1.131) ¢ thé duoc
biéu dién dudi dang ma tran:

= 9~
1 -

1 cosw, cos2w, ..cosLw, Al a (0) H, (,) |

W(a,)

-1 A

1 cosw, cos2m, ..cosLw, = a () |=| H,(o) |(1.132)

w(w,)

_1 L+1 5 IA{ ) .

1 cosw,,, cos2w,,,..coslw,,, (A ) o @)
L W,.,)jL 4= -

Phuong phap Lip va thuit toan chuyén ddi Remez

Khoi dau, ching ta khong biét tap cac tan sd cuc tri |o,] cling khong biét cac tham
s6 |aa(k)| va 8. Pé tim cac tham s nay, chung ta dung mét thuat toan lip, goi 1a thuat
toan chuyén d6i Remez. Noi dung cua thuat toan nay dugc tom tat nhu sau: trude tién,
chung ta du doan mot tip tin sd cuc tri |,| sau d6 1an luot tinh 8, P(w) va ham sai sb
E(o). Tir ham sai s6 E(o) ching ta x4c dinh tdp (1+ 2) tin s6 cuc tri moi va tién trinh nay
duoc 1ap lai cho dén khi dat dugc tap tan s cuec tri tdi wu.

Thuat toan chuyén doi Remez dugc trinh bay ¢ dang luu d6:
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e} —Or

Chon L4+2 tAn s& cuc
tri han ddn

"
Tinh & t8i v tén H¥p
han tin o8 e i

:

X4 ¢ dinh (o) bAng
cdch néi suy trén M+1

:

Tinh ham sai 58 B(®) va tim laicédc
;2[53 cyc trima 3 a6 |E(a)|28

Chon mM+2
e trj 18n nhidt

C6 nhidu hon
M+2 cuc i ?

Céctdn s
ayc tri ¢6 thay déi

Xdpxl ¥y

Ap dung thuat todn Remez vao phuong phéap lip dé thiét ké bo loc FIR pha tuyén
tinh theo cac budc nhu sau:

Budc I: Chon loai bd loc 1y tudng va xac dinh dap ung bién do [Hg ()|, sau d6 chon
ham trong s6 W(o) (dya theo cac chi tiéu k¥ thuét ciia bd loc thuc té), chon chiéu dai cia
b6 loc s6 M, suy ra L theo pt(1.116).

Budc 2: Chon loai bd loc theo cac truong hgp trong bang 1.4 va xac dinh bai toadn
gan dung

E() =W (o) H(w)- P(@)).
Budére 3: Str dung thuat toan Remez dé giai bai toan gan dung nay. Cu thé nhu sau:
- Chon ra tap hop L+2 diém tan s6 rdi rac ban dau, trong dai tan s6 [0,x].

- Tinh &: Ta c6 thé tinh & bing phuong trinh ma tran (1.132), tuy nhién theo cach
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nay ta phdi tinh ma tran nghich ddo, viéc tinh ma trdn nghich ddo lIam hao phi thoi gian
va khong hiéu qua. Vi vay, tir pt(1.132), Rabiner, Mcclellan,... va Parks (1971) d3 dé ra
cong thure tinh 6 ¢ hi€u quéa hon, nhu sau:

=}/Oﬁdr(a)o)_*'ylf}dr(wl)+""+}/LHﬁdr(G)LH)
4 B—4 +....+————(_})M7,L+l
W, W(w,) Ww,,,)

5

(1.133)

Trong do:

L+ 1

7e =1 (1.134)

n0 COS @, ~COS W,

Xéc dinh P(o) tir 6: Vi P(®) 1a mot da thirc luong giac c6 dang:

L
P(w)=> a(k)x* vOi X = cosw

k=0
Ngoai ra, tir pt(1.12 8) ta co:
(=D"6

P(Cl),,)=1:1r(a)n)_ _ ; n=012,...,L+1 1.135
’ W(®,) ()

Ta c6 thé dung cong thirc ndi suy Lagrange dé tinh P(w), d6 1a:

(1.136)

L 1
véix =cosw, Xx, =cos®,va By =| I

X4c dinh duge ham 16i E(w) bdi cong thire sau:

E(0) = W), (0)- P@)) (1.137)

trén mot tap day dic cac diém tan sd. Thong thuong, sé diém tan sd dé tinh E(w)la 16M,
v6i M 1a chiéu dai ciia bd loc: Néu |E(w)| > & & mdt hay nhiéu tan so trén hon thi mot tap
(1+2) tan s6 cuc trji méi duge chon va tién trinh duoc lap lai tir pt(1.133). Va tip tan sb
cuc tri méi duge chon twong Gmg véi cac dinh ctia ham sai s6 |[E(o)|, nén theo thuét toan
nady, gia tri cia o tang 1én sau mdi lan 1ap cho téi khi n6 hoi tu dén mot gidi han trén, va

.....

.....
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Budc 4: Xac dinh dap img xung h(n) cta bd loc thuc té. Ta c6 thé thuc hién bﬁng 2
cach:

.....

trung gian 1a ou(n), boi vi ta da co:

Hy(®) = Q(®)P(w) tai cac tin s6 o = 2nk/M, k=0, 1,...,(M- 1)/2 cho M 1¢ hay k = 0,
1,..., M/2 cho M chan.

Sau d6 hon c6 thé dugc xac dinh bang cach cong thic trong bang 1.3, tuy theo loai
mach loc dugc thiét ké.

Thi du 1.12:

Mot bo loc thong thép 6 chiéu dai M = 61 véi tan s canh dai thong fp = 0.1 va tan
s canh dai chdn fs = 0.11va §; = 8, = 0.0011.

Gidi

B6 loc thong thép co 2 dai, goi 1a bd loc 2 dai, gff)m: dai thong co tan s6 f chuan hoa
tir 0 dén 0.1 (tin sd goc o twong tng tir 0 dén 27/10), dai chan tir 0.11 dén 0.1 (tuong
tmg véi o tir 31/10 dén m). Cac bién tan cua dai thong 1a (0, 0.1) va cac bién tan cua dai
chin 1a (0.11, 1). B loc thong thap c6 dap ung bién do trong dai thong 13 1 va trong dai
chén 12 0. Ham trong s& duoc chon trong dai thong 1a 1 va trong dai chin ciing 1a 1, vi §,
= §, chiéu dai ctia bo loc 12 61.

Ta sir dung ham remez trong Signal Processing Toolbox cia MATLAB. Ham nay
cO chuc nang thiét ké bo loc FIR do gon bﬁng nhau dua trén thuat toan chuyén doi
Remez. N6 ¢6 nhiéu ct phap v6i s6 ddi sé vao va ra khac nhau. O ddy, ta st dung ca
phap sau day dé thiét ké bo loc FIR dap Gmg xung d6i xtng:

[hn,Err]| = remez(N,F,A,W)
Cac d6i s6 vao: N =M- 1, v&i M 1a chiéu dai cta bo loc.

F = Vector céc bién tin dwoc tinh theo tin sé chuin héa, dwgc xép theo thir tur
tang dan tir 0 dén 1, 1 twong Ung véi tan sé Nyquist hay phan nira tan s6 ldy mau. Vay sd
phan tir cia F 13 chén.

A = Vector gia tri dap &ng bién d9 tai cac bién tan.

Vay no6 co cung kich thude voi F.

W = Vector cac gia tri ciia ham trong so, wng véi mdi dai tin c6 mot gia tri
trong s. Vay s phan tir cia W bang phan nira sé phan tir ciia F hoic A.

Céc dbi s6 ra: hn = Pap tmg xung h(n) dbi xtmg c6 chiéu dai M.
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Err = Gia tri cwc dai ciia ham sai s6 ¢6 trong so.
Trong vi du ndy, cac dbi sé vao 1a:
N=60,F=[0231],A=[1100], W=][11]

Luu y: Nhu ta biét, tan s dao dong cao nhét cua tin hiéu roi rac £= 0.1 (twong tng
v6i phan nira tan s6 ldy mau). Tuy nhién, chuong trinh remez trong MATLAB qui udc
tan s6 dao dong cao nhét 1a 1. Vi vay dai tan phai dugc kéo dan ra 2 lan, nghia 13, thay vi
nhap vector F=[0. 1. 11. 1] ta phai nhap F =[0.2. 3 1].

Két qua 1a: hn = dap Gmg xung h(n)), dugc trinh bay trong bang 1.1.

err =0.0011 =-16.3919dB

Dic tuyén dap Gmg bién do dugc vé trong hinh 1.26. Ta thdy két qua da thoa man
mét cach chinh x4c cac chi tiéu di dé ra. Ta thir tang chiéu dai caa bd loc 1én M = 101,
khi d6 sai s6 giam xubng dén:

err = 0.00001 = -81.6402 dB

dic tuyén dap tng bién d6 tng voi M= 1 0 1 duogc v& trong hinh 1. 27.

Bang 1.1

bang 1.5

h(0) =h(60) =-0.0012
h(1) =h(59) =- 0.0007
h(2) =h(58) =- 0.0001
h(3) =h(57) = 0.0014
h(4) =h(56) = 0.0023
h(5) =h(55) = 0.0020
h(6) =h(54) = 0.0001
h(7) =h(53) =-0.0026
h(8) = h(52) =- 0.0045
h(9) =h(51) =- 0.0038
h(10) =h(50) = 0.0001
h(11) =h(49) = 0.0052
h(12) =h(48) = 0.0085
h(13) =h(47) = 0.0070
h(14) =h(46) = 0.0001
h(15) = h(45) = - 0.0090

h(16) = h(44) = - 0.0147
h(17) = h(43) = - 0.0120
h(18) = h(42) = 0.00003
h(19) =h(41) = 0.0157
h(20) = h(40) = 0.0257
h(21) =h(39) = 0.0211
h(22) =h(38) = 0.0001
h(23) =h(37) = - 0.0289
h(24) = h(36) = - 0.0491
h(25) = h(35) = - 0.0227
h(26) = h(34) = - 0.0001
h(27) = h(34) = - 0.0001
h(28) =h(32) = 0.1578
h(29) = h(31) = 0.2247
h(30) = h(30) = 0.2501
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Hinh 1.26: Pap vung bién do cua bo loc FIR co do gon bcing nhau
v6i hiéu dai M=61 trong vi du 5.12.

1.2.4. SO SANH CAC PHUONG PHAP THIET KE BQ LQC FIR PHA TUYEN
TINH

Vé mic lich str, phuong phap thiét ké bo loc s6 FIR pha tuyén tinh sir dung cira s6
1a phuong phap dugc dé xuat dau tién. Phuong phap ldy mau trong mién tan s va
phuong phap x4p xi Chebyshev dugc phat trién vao nhitng nam 1970 va tré nén rat phd
bién trong thuc té.

Diém bat o1 chinh cta phuong phap ctra s6 1a thi€u sy an dinh chinh xac céc tan so6
g161 han, chan h(n) nhu w,va w,. N61 chung, gia tri cua ®, va o, phu thudc vao loai ctra
sO va chiéu dai caa bd loc M.

Phuong phap 14y mau tin sé cung cip mot su cai tién trén phuong phap cira s6 khi
H.(®) dugc xac dinh & cac tin sd o, = 2nk/M va dai qua d6 1a 13 boi sé cua 2m/M.
Phuong phép nay dac biét tién loi khi bo 19c FIR dugc thuc hi¢én trong mién tan sb boi
bién ddi Fourier roi rac (DET). Mot dac diém quan trong 1a H(®), c6 gia tri 1 hoac 0 &
céc dai tan, ngoai trir dai qué do.

Phuong phéap xp xi Chebyshev cung cip sy diéu khién toan b nhimng chi tiéu k¥
thuat cta bo loc s6. Vi viy phuong phap nay thudong dugc wa chudng hon hai phuong
phap trén. Chan h(n) nhu véi mot bd loc thong thap, cac tham sb duoc cho 1a ®p, Os, O1,
8,, chung ta c6 thé xac dinh cac tham s6 M, & va tdi wu hoa céc bd loc twrong tng voi 8,
véi viée trai déu sai sd trén dai thong va dai chan cua bo loc, két qua 1a ta thu dugc mat
b6 loc tdi wu, d6 1a mire cuc dai cua muai bén duge cuc tiéu hoa. Phuong phap thiét ké
Chebyshev trén co s thuat toan chuyén doi Remez, yéu cau chung ta xac dinh céc tan sb
8, 85 va ti s6 8/8,. Nhung thuan loi hon néu ching ta x4c dinh duogc ©,, o, 81, 5,. Va
Chiéu dai M cua bo loc. Mic du khong c6 cong thirc chinh xac dé tinh chiéu dai cua bd
loc, nhung ta cé thé xac dinh M mot cach g?ln dung tr o, o, 6;, 0, theo cong thirc kha
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don gian cua Rabiner (1971):

~20l0g,,(/6,6,) 13
M~ 2200080 00) 713 (1.138)
14.65f

Trong do: Af'la do rong cua dai qua d¢ duoc dinh nghia nhu sau:

AF 0, -0,
2z
Mot cong thie chinh xac hon dugce dé xuat boi Herrman (1973) 1a:
_ 2
M%Du(alaé‘z) f(51>52)(Af) +1 (1.139)
Af
Trong do

D,(5,,5,) =[0.005309(log,, &,)? +0.07114(log,, 5,)~0.4761 [log,, 5,)
~|0.00266(10g,, 5,)* +0.59%4110g,, &, +0.42781] (1.140)
f@6,,6,)=11.012+0.51244(log,, 6, - log,, J,) (1.141)

Céc cong thue nay that sy hitu dung dé dat duoc mot sy uéc luong tdt chiéu dai M
ctia bo loc dé thu duoc cac tham sb Af, 8;, 8, ma ta mong mong mudn.

1.3. THIET KE BQ LQC SO IIR

Ciing nhu khi thiét ké bo loc sb FIR, dé thiét ké bo loc sd IIR, ta co thé sir dung
nhiéu phuong phap khac nhau. Néi chung, c6 hai k¥ thuat thiét ké, mot 1a ky thuat thiét
ké bd loc s6 IIR tir cac bo loc twong ty. Theo ky thuat 1y, trude tién ta thiét ké mot bo
loc tuwong ty c6 dap umg tan s6 mong mudn, sau d6 ding cac phuong phap gan dung dé
chuyén doi sang b loc sb. Viéc truyén ddi ndy cling c6 thé sir dung nhiéu phuong phap
khac nhau, chan h(n) nhu: phuong phap bét bién xung (Impulse invariance), phuong phap
bién ddi song tuyén (Bilinear transformation), phuwong phap tuong duong vi phan
(Approximation of derivatives), phuong phép bién d6i z tuong thich (Matched- z
transformation). Hai 1a k¥ thuat thiét ké truc tiép bo loc sd. Trong k¥ thuat thiét ké truc
tiép ciing c6 nhidu phuong phép khac nhau. Chang han nhu: phuong phép xap xi Padé
(Padé approximation), phuong phap binh phuong cuc tiéu (Least-squares), phuong phap
thiét ké trong mién tan so.

K¥ thuat tha nhét it phtrc tap vé mit toan hoc va dugc sir dung rdng rai hon k¥ thuat
thr hai, thém vao d6, viéc thiét ké bo loc twong tu di c6 mot qua trinh phat trién 1au dai
va hoan thién. Vi vdy, gido trinh nay s& khong trinh bay k¥ thuat thiét ké truc tiép, ta sé
tap trung thao luan vé cac phuong phap thiét ké 10 loc sb IIR tir bd loc tuong ty. Mat
khac, ta cling chi nghién ctru cac bd loc FIR thuc hi¢n dugc vé mit vat ly, do6 1a cac bd
loc s6 6n dinh va nhan qua.
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1.3.1. THIET KE BO LOC IIR TU BQ LOC TUONG TU

Trong phin nay, chiing ta sé nghién ctru ciac phwong phip chuyén ddi ham
truyén dat ciia mot hé thdng twong tu H,(s) sang ham truyén dat cua hé thdng sé H(z).
Nhu vay, trude do ching ta da thiét ké duge bo loc tuong tu, thu da noi & trén, viéc lam
nay da dugc phat trién tir 1au va da dat duoc cac két qua tdt dep, chiing ta s€ téng két so
lugc trong phan sau.

1.3.1.1. Nguyén tic:
Ham truyén dat ctia bo loc twong tu (trong mién bién phirc s) c6 dang:
5 k

B2

B =2 S s
k=0

(1.142)

trong d6 {oy} {Bi} 1a cac hé sb cua bo loc.

Ham truyén dat ciing c6 thé dugc biéu dién dudi dang bién d6i Laplace ctia dap tmg
xung:

H,(s)= [h(t)e™dt (1.143)

Mot bd loc tuong tu ¢ ham truyén dat dugc mo ta nhu (1.143) cling co thé duoc
biéu dién bang phuong trinh vi phan tuyén tinh hé sb hang:

" d'yie) & d* x(t)
oy ———=) B 1.144
1;) dtk [;) K dtk ( )
voi X(t), y(t) lan luot 14 tin hiéu vao va tin hiéu ra cua bd loc.

MJi cach biéu hién trong ba cach biéu dién twong duong cua bd loc twong ty nhu
trén s& dwa dén mot phwong phap chuyén doi sang mién sb.

Ta nhé lai rang mot hé théng twong tu tuyén tinh bat bién theo thoi gian véi ham
truyén dat H(s) goi 1a 6n dinh néu tit ca cic cuc cua H(s) déu ndm ¢ nira trai ctia mat
phang s. Vi vay, mot phuong phap chuyén doi tir mién twong tu sang mién sd phai thoa
cac nguyén tic sau:

Truc 4o in trong mit phang s s& 4nh xa thanh vong tron don vi trong mat phang z.
Nguyén tic ndy bao dam c¢6 mdi lién hé truc tiép giira hai bién tan sb trong hai mién.

Phén nira tri cia mit phang. s s& anh xa thanh phan & phia bén trong vong tron don
vi trong mat phéng z. Nguyén tac nay bao dam mdt bo loc tuong tu on dinh s& duoc
chuyén thanh mot bo loc sb 6n dinh.

1.3.1.2. Thiét ké b loc IIR bing phwong phap twong dwong vi phan
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Mot trong nhitng phuong phap don gian nhat dé chuyén d6i mot bo loc tuong tu
sang bo loc s6 1 x4p xi phuong trinh vi phan bang mot phuong trinh sai phan. Phuong
phap nay gidng nhu cach giai phwong trinh vi phan tuyén tinh hé s6 hang bang phuong
phap s6 trén may tinh.

Dao ham dy(t)/dt tai t = nTS, v6i TS 1a chu ky lay mau, dugc thay bang sai phan lui
[y(nTS)-y(nTS-TS))/TS. Tic la:

df))  _YnT)—y(nTy -Ts) _ y(n)—y(n-1)
dt | rour, T, T,
Véi y(n) = y(nT,) (1.145)

Hé thdng vi phan twong tu v6i dap tm dy(t)/dt c6 ham truyén dat 1a H(s) = s, twong
duong trong mién s 13 mot hé théng sé vai dap ung [y(n)-y(n- 1)]/T s& c6 ham truyén
dat 13: H(z) = (1 - z™")T, (hinh 1.29). Két qua, ta thu duoc su twong duong trong mién tan
s6 ctia quan hé (1.145) 1a:

_l—z'l

T

s

S (1.146)

Pao ham bac hai d*y(t)/dt* dugc thay bang sai phan bac hai:

y(t) H(s)=s dy(t)
dt
(a)
y(n) H(z)=]-z-1 yn)-y(n-1)
T Ts

d’yt) _d {dya)] _bnTy) = y(nTs ~T)]/ Tg =[y(n Ty ~T) = y(n Ty - 2T/ T,

dt?  dt| dr T
_yn)- zy(nT— D+ (-2 (1.147)
S

Trong mién tan sd, pt(1. 1 43) twong duong véi:

1-2z7 4272 (1-z1Y
st = ZT2 z =( Tz ] (1.148)
S N

Tir day c6 thé rat ra mdi quan hé twong trong mién tan so khi thay thé dao ham bac
k bang sai phan béac k nhu sau:
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X 1 -z '
sk = — (1.149)
S

Két qua 1a ham truyén dat cta bo loc s6 IIR c¢6 dugc tir phép xap xi dao ham bang
sai phan, do la:

H(z)=H,(s) (1.150)

s=(1-z")/T
trong do Hy(s) 1a ham truyén dat cua bo loc tuong tu dugc dac trung boi phuong trinh vi
phan (1.144).

Ta hiy xem ¥ nghia ctia phép anh xa tir mit phing s sang mét phang z theo pt(1.46),
ta viét lai:

_l—z'] 1

h = 1.151
s T, ay z 12T, ( )
Néu thay s = jQ vao pt(5.149) ta c6:
1 1 Qs (1.152)

zZ = - = 5 2+j 5 5
1-jQTg  1+Q°T; 1+ Q°T;

Khi thay doi tir - co — +ooco thi qui tich trong tng clia cac diém trong mit phang z
la mot vong tron ¢ ban kinh 42 va tam dat tai diém z =% , xem hinh 1.27.

Dé dang chig té rang phép anh xa Gbién cac diém trong nira trai trén mit phang s
thanh cac diém tuwong ng bén trong vong tron c6 ban kinh % va tam (1/2,0) trong mat
phing z va cac diém & nira phai ciia mat phing s s& chuyén thanh cac diém tuwong tng
g & bén ngoai vong tron nay, trong mit phang z.

.....................

Hinh 1.27. Phép dnh xa s = (1-z"')/Ts bién mira trdi ciia mdt phang s thanh mién trong
vong bdn kinh % , tam z = % trén mdt phang z
Diéu nay co nghia la mot bd loc tuong tu on dinh sé& duoc chuyén ddi thanh mot bd
loc s 6n dinh. Tuy nhién, vi tri co thé c6 cua cac cuc cua bod loc sb bi gi61 han trong céc
dai tan sb kha nho. Vi vy, phép anh xa ciing bi gii han trong pham vi thiét ké cac bo loc
ha thong va cac bd loc dai thong co tan s6 cong hudng twong ddi nho. Vi vay, phép anh
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xa ndy chi c¢6 thé dung dé thiét ké cac bo loc thong thap va thong dai co tan s cong
hudng kha nho. N6 khong c6 kha ning chuyén ddi tir bo loc théng cao tuong tu thanh b
loc thong cao sb.

Vi du 1.13: Thay thé dao ham bang sai phan ngugc dé chuyén d6i mot bo loc théng
thap tuong tu c6 ham truyén dat thanh Hu(s) = 1 /(s + 1) b6 loc s6.

Gidi
-1
An dung bi€u thirc anh xa tir mién s sang mién z: s = TZ
S
1 2T, K1+T,)

Tacod: H(z) = l(l_z—l)/Tsl+] - z—[l/(l'*‘Ts)]

B0 loc s6 c6 mot cuc tai z = 1/(1 +TS). Pé dat duoc tan sb cong huodng thép, ta phai
chon T, dt nhé dé cho vi tri cua cuc nam gén vong tron don vi. Chéng han, ta c6 thé chon
T,=0.1, ta duoc:

0.09z 0.09

H(Z) = = "
z—-0909 1-0.909z

Do cuc cua H(z) nam & tai diém z = 0.909, nén dap ung tan s6 c6 mot dinh tai (Hinh
1.28).

TIH(Q)' H(o)l

1

L s s B
T | P S \ : T=:O,1
Y L SR

SO o
'
'
v
13
'
v
'
- o -
.
’
3
)
'
v
H

) 1 N SO | L | B L e :

O

~op---
"
v

> 0 UZL

0 10 2 30 40 0
(a) (b

Hinh 1.28. Céc ddp iing tan sé ciia bé loc twong tw (a) va bo loc s6 (b) trong vi du 1.13

Vi du 1.14: Chuyén bd loc thong dai twong tw ¢é6 ham truyén dat la:
H,(s)=1/|(s +0.1)> +9]
thanh bo loc s6 IIR bang cach thay thé dao ham bang sai phan nguoc.

-1

Gidi: Thay s = 1=

vao H,(s) ta dugc:
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1 T,? /(1+0.2T, +9.017,%)

(@-z"yroroafvo 2040070 o, 1 o
1+0.2T, +9.01T,  1+0.2T, +9.01T,

H(z) =

Ta thay ham truyén dat thoa man diéu kién dé da thirc mau s6 c6 nghiém phiec.

Vi vay, n6 cé dang cua mot bo cong hudng néu TS dugce chon du nhéd (vi du T <
0.1), dé cac cuc nam gan vong tron don vi. Chang han, néu Ts = 0.1 thi c4c cuc s& dat tai
cac diém:

P, =0.91% j0.27 = 0.949¢*/'%"

1.3.1.3 Thiét ké bd loc IIR bang phwong phap bat bién xung.

Phuong phép nay xuat phat tir cach biéu dién mot hé thdng bang ng xung. Theo do,
mot bo s 1R ¢o dap tng xung hip thu duoc bang cach 1ay miu dap ing xung h,(t) cta
bd loc tuong tu. Ta co:

h(n) =h(nT;),n=0, 1, 2,.... (1.153)
trong d6 T 1a chu ky lay mau.

Ttr muyc 3.1 chuong 3, di biét rang khi mot tin hiéu lién tuc trong mién thoi gian (tin
hiéu tu x,(t) c6 phd X,(F) duoc ldy méu véi toc d6 = 1/T(samples/second) thi phd cia tin
hiéu 14y mAu 1a sy tap lai tudn hoan cta X,(F) véi chu ky F,. Cu thé thi quan hé d6 la:

X(f)=Fs 2 X\ -BF] (1.154)
k=—c0
trong d6 f = F/F,1a tan s6 chuan hoa.
Hién tugng biét d../Anh xuat hién néu toc d6 14y mau F, nho hon hai 1an thanh phan
tan s6 1on nhat c¢6 trong X,(F).
Thé hién duéi goc do 1y mau dap ing xung ctia mot bo loc twong tu ¢6 dap Gmg tan
sO X,(F) thi bd loc s6 voi dap tmg xung G s& c6 dap ung tan sd 1a:

H() = F, S H,I(f -0F;] (1.155)
k=~
Hay H(w) = F, iHa [(0 - 2kn)F,] (1.156)
.. = 2kn
Twong duong véi : H(QTy) = = > H, (Q——T—) (1.157)
S k=-» S

Co thé thay 1o 1a b loc s6 vdi dap g tan s6 s€ co cac dac tinh dap tng tan so cua
bo loc tuwong tu twong tng néu chu ky lay mau dugc chon di nho dé tranh hoan toan hoic
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cuc tiéu hoa hién tuong biét d../Anh. Ta ciing thiy rang phwong phap bat bién xung la
khong thich hop dé thiét ké cac bo loc thong cao, bdi vi hién tugng biét d../Anh s€ Xuét
hién tir qua trinh 14y mau.

Pé xem xét sy anh xa gitta mit phang s va mat phang z dugc ham chua trong qua
trinh lay mau, ta dya vao sy tong quat hoa pt(1.113) bang cach lién két bién ddi z cia
h(n) v6i bién ddi Laplace ctia h(n). Sy lién két dugc thuc hién nhu sau:

H@), Ty = 3 H,(s— 2 (1.158)
Ts i T
Trong d6 : H(z)= S hn)z"™" (1.159)
n=0
Va H(Z)|,. T = ih(n)e‘“Ts (1.160)
n=0

Khi s = jQ, pt(1.118) dugc rat gon thanh pt(1.113) (thira s6 j trong G duoc bo di
trong ky hi¢u).

Tinh chit tong quat ctia phép anh xa:
z=¢e" (1.161)

c6 thé co duoc biang cach thay s = o + jQ va biéu dién bién phirc z dudi dang cuc z = re®

= ¢ . ¢ RO rang, ta co:

r=es va o0=QT, (1.162)

Két qua 1a khi o thi 0 <r <1, va khi 6 > 0 thi r > 1, khi & thi r = 1. Vi vdy, nia trai
ciia mit phang s duoc anh xa vao trong vong tron don vi ciia mit phing z, va nia phai
cla mat phéng s s& duoc anh xa thanh cac dién nam ngoai vong tron don vi cia mat
phang z. Pay 1a mot trong sd cac dic tinh mong mudn ciia mot phép anh xa tét. Truc 4o
cling dugc 4nh xa thanh vong tron don vi nhu da chi ra & trén. Tuy nhién, day khong phai
1a phép anh xa mot mot. Vi m, nén phép anh xas ham y rang khoar — 7/ T, <Q<rx/T, anh
Xa vdo cac gia tri twong Ung trong khoang - mw < m. Hon nita, khoang tin sd
n/Tg <Q<37/Ty trong khodng - no < m va diéu nay noi chung vin xay ra dbi véi
khoang (2k - 1)z /Ty < Q < (2k +1)7 /T, v6i k 12 mot s6 nguyén. Vi vay phép anh xa tir bién
tan s twong ty Q sang bién tan sd o trong mién s6 12 phép anh xa nhiéu vao mot (many-
to- ghe), diéu nay thé hién anh hudng cia hién tuong biét d../Anh do qué trinh ldy mau.
Hinh 1.29 minh hoa phép anh xa tir mit phing s sang mit phang z.
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e e ‘;

dnvi TR
Hinh 1.29. Phép énh xa z = & . S¢ anh xa day c6 do réng 21T, (o < 0) trong mdt
phang s thanh cdc diém trong vong tron don vi ciia mdt phdng z.

Pé tim hiéu sdu hon nita tac dung cta phuong phap bat bién xung 1én cc dic tinh
ctia bo loc s6 IR, ta hiy biéu dién ham hé thdng cua bd loc twrong tir dudi dang tdng cac
phan thic. Véi gia thiét 1a cac cuc cta bd loc tuong tu 1a khac. nhau, ta co6 thé viét:

H,(s)= <k

o s— P,

(1.163)

trong doat cac cuc cua bd loc twrong tu vam cac hé¢ sb trong khai trién phan thtrec. Két qua
la:

N
ha(t)=ZCke”*’ 420 (1.164)
k=1
Néu ta léy mau ham mot cach tudn hoan tai cac thoi diém ta s& duoc:
N .
h(n) = h,(nTg) =Y C,e""™ (1.65)
k=1

Va ham hé théng ctia bd loc s6 TIR s& ¢o dang:

=2 < N e N 2 P
H(z)=Y h(n)z™" = Z(ZCke”"‘")z'" =3 C D (e 2y (1.166)

n=0 \ k=l k=1 n=0
i a 3 BTg _~1yn _ 1
Vi Pk <0, nén ;(e Z ) —I_—e'W (1167)
ul C
k=1 1-e'*'s z

Ta thay bo loc s0 ¢6 céc cuc tai: z = ™" k=1, 2,..., N.

Vé6i ham hé théng nhu pt(1.168, bd loc s6 IR dé dang duoc thyc hién bang mot dai
ghép song song cua cac bd loc don cuc. Néu mot sd cuc 1a cac gia tri phtc, chiing ¢ thé
duoc ghép thanh timg cip v6i nhau dé tao thanh cac bo loc thanh phan c6 hai cuc. Ngoai
ra, hai thira s chtra cac cuc co gia tri thuc cling co thé dugc két hop lai dé tao thanh céc
bo loc thanh phﬁn ¢ hai cuc. Nén bo loc $6 TR ¢6 thé duoc thuc hién bﬁng mot dai song
song cua cac bd loc thanh phén ¢0 hai cuec.
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Ck

Pk Ts

M=

Mic du sy khai trién dé dua dén biéu thirc H(z) = | — duoc dua trén mot
f1-e* .z

~
]

bd loc tuong tu ¢6 cac cuc khac nhau, nhung biéu thuc trén cling co thé téng quat hoa doi
vo1 truong hop cac cuc kép.

Vi du 1.11: Chuyén mot bd loc tuong tu ¢ ham truyén dam thanh b loc sb IIR
bang phuong phap bat bién xung.

Giai: Ta théy bo loc twong tu c6 mot zero tai s = -0.1 va mot cap cuc li€n hop phic
tai P, = -0.1 £ B. Ta khong phai xac dinh dap (mg xung ham dé thiét ké bo loc sd bang
phuong phap bét bién xung, ma thay vao do ta s& xac dinh truc tiép H(z) boi pt(1.16 8) tur
khai trién phan thirc cis. Ta co:

1/2 1/2 1/2 1/2

H(s)= + = H(z)= , A
2 s+0.1-73 5+0.1+,3 @ 1-e*7" /s 27! 0lls g=3Ts Z1

l-e
Do hai cyc 13 lién hop phirc, nén ta cé thé két hop chung lai v6i nhau dé tao thanh
mot bd loc ¢6 hai cyc don gian c6 ham truyén dat 1a:

Dép Umg bién do cua b loc nay dugc vé trong hinh 1.30.a véi hai truong hop T =
0.1 vaT,0.5.

MH{@)I(dB) FH(DI(AB)

10 T T T 10 T Y r &l
Of-g---- - nepe e booenne demmeees 0 :
RT] % N R .Téoy-u.«j ------- -10
.20 S IS o - - - - SEie S -20
.30 . [ PRSI -30
40 e -40
' 3 @

.50 + =50

o 1 2 3 4

n
(@
Hinh 1.30.

(a) Ddp vmg bién dé ciia bé loc s6
(b) Ddp vng bién dé ciia bé loc s6

Dé ¢ su so sanh, ta v& thém dap Gmg bién d6 cua bd loc tuong tu trong hinh 1.30.b.
Tir @6 thi nay, ta thdy su anh hudng hién twong biét d../Anh (dap tng tan sd bi bién doi)
khi = 0.1 aaing kde han khi = 0.,va khi Ts thay d6i thi tin s6 cong hudng ciing thay doi
theo. Vi du trén ciing cho thdy tdm quan trong trong n mot gia tri T, da nho dé giam tir
ubng cuia hién twong biét d../Anh. Do anh huong ciia hién twong d../Anh nén phuong
phap bét bién chi thich hop trong viéc thiét ké cac tng thap va thong dai.

1.3.1.4. Thiét ké b loc s6 IIR bing phép bién doi song tuyén.

Hai phuong phap thiét ké bo loc sb IR da duogc gidi thiéu cé mot han ché 1a ching
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chi thich hop dé thiét ké cac bo loc ha thong va mét 16p hiru han cac bo loc dai thong. Sy
h(n) ché nay 1a két qua cua viéc anh xa dé chuyén cac diém trong mit phing s thanh cac
diém twong Gmg trong mit phang z.

Phuong phap bién d6i song tuyén khic phuc duoc nhitng han ché cua hai phuong
phap trén. Phép bién do6i song tuyén lién quan vé6i viée tinh tich phan bang phuong phap
s6 theo qui tac hinh thang. Vi dy, ta xét mdt bd loc tuong tu tuyén tinh ¢c6 ham truyén dat
la:

H(s)=b/(s+a) (1.170)

Hé thong nay ciing c6 thé dic trung bang phwong trinh vi phan:

-‘%(t’lmy(t):bx(t) (L.171)

Thay vi thay thé dao ham bang mot sai phan hiru han, ta hay thir 1iy tich phan cua
dao ham va tinh x4p xi tich phan theo qui tic hinh thang. Ta co:

Y0 = [y @dr+yt) (1.172)

trong don 13 dao ham cua y(t). Tich phan trén dugc tinh xap xi theo qui tic hinh thang tai
to va ta duoc:

YAT) ="y (1T, )+ y (T =T+ 50T, - T,) (1.173)
Tinh phuong trinh vi phan (1.17 1) tai G ta dugc:
V' (nT) = —ay(nTy) + bx(nTy) ,(1 174)

Thay pt(1.174) vao pt(1.173) ta dwoc mot phuong trinh sai phan cho hé thong roi
rac tuong Ung:

1+ 20500 -1 -Z0ypn- = ZEfxn +xn-1] - (1179)

. {y(n) = y(nT)
V01
x(n) = x(nTy)

Bién d6i Z ciia phuong trinh vi phan nay 1a:
(1+f§5—)Y(z)—(l —%)z"Y(z) =%(1 +z )X (2) (1.176)

Két qua, ham truyén dat cua b loc s6 tuong duong 1a:
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Y(z) (BT/2)A+z7")
X(z) 1+aly/2-(1-aTg/2)z"

b
2(1-27 +a
T \1+2"

Nhu vay, phép anh xa tir mit phang s sang mit phang z la:

s:i(I‘Z—'J (1.179)

H(z)= (1.177)

hay H(z)= (1.178)

T \1+2z"

Phép 4nh xa nay dugc goi 1a phép bién d6i song tuyén. Mic du ta rat ra phép bién
d6i song tuyén tir phuong trinh vi phan bac nhat, nhung diéu nay ciing ding ddi voi
phuong trinh vi phan bac N.

Dé tim hiéu nhitng tinh chét ctia phép bién d6i song tuyén, ta dit:
z=re’”
s=0+jQ
Pt(1.173) co thé duoc viét lai nhu sau:
s _i(z—l) _2(re’ -1
To\z+1) Tg\re’ +1

2 r? -1 . 2rsinw
§=— S +J 5
1+r° +2rcosw 1+r°+2rcosw

-~

T
2 :
Suyra : P r- -1 ; (1.180)
T \1+r® +2rcosw
Va Qzl( 2rsinw ) (1.181)
T \1+r% +2rcosw ‘

Ta thay rang néu r < 1 thi, va néu r > 1 thi o > 0 nén nura trai cua mat phang s dnh
xa vao bén trong vong tron don vi trén mat phing z, va nira phai ciia mdt phang s anh xa
thanh cac phan nam ¢ phia ngoai vong tron don vi. Khir=1thic=0va

2 sinw 2 1)

Q=— =—tan— (1.182)
Tg 14cosw T 2

hay o =2tan" (QT /2) (1.183)

Quan hé (1.183) giita cac bién tan s6 trong hai mién twong tir va sé dugc minh hoa
0 hinh 1.31.
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Hinh 1.31. Su anh xa giitta mién tan so @ va mién tan so {2
trong phép bién doi song tuyén.

Ta théy toan bd mién Q duge anh xa chi mot 1an vao ® < 7, nén s& tranh duoc hién
tugng biét d../Anh cua cac thanh phan tin sb. Tuy nhién phép anh xa nay c6 tinh phi
tuyén tinh. Ta khao sat sy nén tan s6 1a do tinh chét phi tuyén ctia ham. Ngoai ra, phép
bién doi song tuyén s& 4nh xa diém thanh diém z = - 1. Vi vay, bd loc thong thép don cuc
H(s) =b/(s+a) c6 mdt zero tai diém s = oo, s& dua dén mdt bo loc s6 c6 mot zero tai z = -
1.

Vi du 1.16: Chuyén mét bo loc twong ty c6 ham truyén dat 13

s+1

H) = onieie

thanh bo loc s6 IR c6 tan s cong hudng bang phép bién doi
song tuyén.

Gidi. Ta théy bd loc tuong tu co tan sb cong hudéng Q =4, tan sb nay dugc anh xa
thanh tan s bang cach chon gia tri ciia thong sd T. Tir pt(1.182) ta phai chon = % dé cé.

-1

-1

Vi thé biéu thtrc anh xa la: s = 4(1 _

" J va bo loc s6 ¢ ham truyén dat:
+z

_ 0.128+0.006z"" —0.122z7

H(z
@) 14+ 0.0006z" +0.975z 7>

Ta thay hé s6 ctia s6 han g& mau ctia H(z) 1a rat nho va c6 thé tinh gan dung bang 0,
ta duoc:

0.128+0.006z7' —0.122z72

H(2)=
2) 1+0.975z7?

+in/2

B0 loc nay co6 cac cuc Py, =0,987.e7"° va cac zero z; = -1; z, = 0.91.

Trong vi du nay, tan so0 T, dugc chon dé anh xa tan s6 cdng huong cua bo loc tuong
tu thanh tan s6 mong muodn cua b loc s6. Viéc thiét ké bd loc s6 thudong bat dau bang cac
chi tiéu ky thuat trong mién tan s0. Trong so cac chi ti€éu nay cé bién tan sO . Nhirng chi
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tiéu nay dugc chuyén sang mién tuong tu nho pt(1.82). Sau do, bo loc tuong tu dugc
thiét ké da dap tng dung cac chi tiéu nay. Sau cing, bd loc twong tu duoc chuyén doi
sang bo loc sb bang bién d6i song tuyén (1.171). Trong tién trinh ndy, théng s6 G 1a
"trong sudt" va co thé duoc gan cho bat ctr gia tri nao (chang han T, =1). Vi du sau s&
minh hoa diéu nay.

Vidu 1.17: Hay thiét ké mot bo loc sd IIR thong thép don cyc c6 dai thong 3 do tai

tan so tai bo loc twong tu c6 ham truyén la : H(s) = Qgcg , lai dai thong 3 dB cua bd loc
+ C

tuong tu, bang cach stir dung phép bién ddi song tuyén.

Gidi. Bé loc sé cé dé loi -3 dB tai. T rong mién tan soé ciia b loc twong tu, twong
wng vai:

Q. =2 tan? =2 tan0.17=065/T,
TS S
0.65
Vi vay, ham truyén dat cua bg loc tuong tu 1a : H(s) = % s
-1
Ap dung phép bién doi song tuyén, ta c6 : H(z) = % trong do T, da dugc
-U. V4

don gian.

L g . o
Dép tng tan s6 ctia bd loc s6 1a : H(w) = m
1-0.509¢™
Tai ® =0, H(0) = 1 va tai ® = 0.21 », d6 1a dap tmg mong mubn.
1.3.1.1. Thiét ké b loc s6 IIR bang bién ddi z-twong thich

Mot phuong phéap khéc dé chuyén doi mot bod loc twong tu thanh mdt bo loc sb
trong dwong 1a anh xa truc tiép cic cuc va zero ciia H(s) thanh cac cuc va zero trong mat
phéng z. Gi1a sir ham truyén dat cta b loc tuong. tu dugc biéu dién dudi dang thtra )
nhu sau :

H(s)=X1 (1.184)

trong do zk va pk 1a cac cuc va cac zero ctua bd loc. Nhu vay ham truyén dat ctia bd loc
s61a:
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H(z)=*! - (1.185)

v6i T 12 chu ky 14y mau. Ta thdy cac thira sd (s-a) trong H(s) duoc anh xa thanh thira sd
(1 - ™ z -1). Phép anh xa nay dugc goi 1a phép bién ddi z twong thich. Ta thiy cac cuc
thu duoc tir phép bién ddi nay thi gidng nhu cac cuc co duoc tir phuong phap bét bién
xung. Tuy nhién, hai phuong phap nay cho cac zero khac nhau.

Dé giit lai dic tinh dap tng tan s6 cta bo loc twong tur thi chu ky 1dy mau trong phép
bién d6i z - twong thich phai dugc chon thich hop dé vi tri cac cuc va zero nam & vi tri
tuong dwong trong mat phing z. Vi thé ¢ thé loai bo hién twong biét gian bang cach
chon chu ky 14y mau T du nho.

1.4. PAC TiNH CUA CAC BOQ LQOC TUONG TU THONG DUNG

Nhu di gidi thiéu, vin dé thiét ké bo loc tuong tur di phat trién tir 1au, vi vay co
nhiéu sach viét vé cha dé nay. Véi muc dich cung cip tai liéu tham khao cho viéc thiét ké
bo loc sb IIR, trong phan nay ta s& trinh bay tom tat cac dic tinh quan trong cua vai loai
b loc thong dung va cac tham sb tuong tng. Mit khac, ta ciing chi thao luan gidi han ¢
bd loc thong thap, bai vi c6 cac phuong phap chuyén bd loc théng thap thanh loc thong
dai, thong cao hodc tri¢t dai.

1.3.2.1. B lgc Butterworth

B6 loc Butterworth 1a bd loc toan cuc dugc dac trung boi dap ing bién do binh
phuong:

1

| H(Q)| =W

(1.186)
trong d6 N 13 bac ctia bo loc va G 1a tin sb cat. vi H(s).H(-s) dugc tinh tao bing véi nén
ta co thé viét:

1

HOH ) = Srray

(1.187)

Khoang cach gitta cac cuc cua H(s).H(-s) xuét hién trén vong tron don vi la bang
nhau. Tt (12) ta thay rang :

2
32 =(=DVV = /N p=0),..,N-1. Vithé:

C

S, =Qp.e” /PN k=0,1,:....,N-1 (1.188)
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Hinh 1.32. Cac vi tri cua cac cuc cua bo loc Butterworth N=4.

Hinh 1.32 minh hoa vi tri cia cac cuc cua bd loc Butterworth voi N=4. Pac tuyén
dap ung tan sd ctia bd loc nay voi vai gia tri khac nhau caa N (N = 1, N=2, N=4, N=1)
duoc v& trong hinh 1.32. Ta thiy don diéu & dai thong va ca dai chin. Bac can thiét cta
bd loc dé dap tng yéu cau vé do suy giam 9o, tai mot tan s6 cu thé Q3 co thé xac dinh mot
cach dé dang tir pt(1.186). Tai Q = Qs, ta co:

log, |1/58,% -1
- 1 - o N= Oglol 2 ]
1+(Q, / Q) 2log,, (Qs / Q)

(1.189)

2

Nhu vy, bd loc Butterworth hoan toan dugc dic trung boi cac thong s6 N, §, va.

TR

Hinh 1.33: Ddc tuyén ddp vmg ciia b loc Butterworth

Vi du 1.18: Xac dinh bac va cac cuc ctua bd loc thong tha?ip Butterworth co tan sb
cong hudng 100 Hz va do suy giam 40 dB tai tan s6 1000 Hz.

Gidi:
Ta c6: Qc = 1000w, Q= 20007
V61 do suy giam 40 dB, ta ¢6 : 6,=0.01. Chon N=7, va céac cuc la :

S, =10007e/ "/ 2+Cks0m/19) , k=0, 1,...,6.
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1.3.2.2. B§ loc Chebyshev

C6 hai loai bd loc Chebyshev. Loai 1 1a cac bd loc toan cuc cé tinh chét gon song
déu ¢ dai thong va tinh don di€u & dai chan. Loai 2 1a cac bo loc chtra ca cuc va zero, c6
tinh don di€u ¢ dai thong va tinh gon séng déu & dai chin. Cac zero cua bd loc
Chebyshev loai 2 nam trén truc 4o trong mit phang s.

bac tuyén dap tng bién do binh phuong ctia bo loc Chebyshev loai 1 dugc cho béi
biéu thirc sau :

1

| H(Q)*=
1+ 6T, (Q/Q,)

(1.190)

trong d6 o6 1a thong s6 cua bo loc, nd ¢o quan h¢ véi do gon song trong dai thong, va TN
(xua da thirc Chebyshev bac N dugc dinh nghia nhu sau :

-1
TN(x)z{cos(Ncos x),| x|£1 (1.191)

cosh(N cosh x),| x|> 1
Pa thirc Chebyshev c6 thé duoc thanh 14p bang phuong trinh dé qui nhu sau :
Ty (x)=2xT (x) =Ty (x), N=12,.. (1.192)
trong d6 Ty(x) =0 vai T (x) =1
Céc tinh chat ctia da thirc Chebyshev :
1. |T,(x)<1], voi x]< 1
2. Ty (1)=1, voi moi N.
3. Tt ca cac nghiém cua da thirc déu nam trong khoang.

Hinh 1.34 minh hoa sw anh hwéng ciia thong sé lén do gon séng ddi thong tuwong
ing v6i hai truong hop N chan va N 1é.

| H(Q2 )P TH(Q )P

1
[+58
06}

04F---4------- ; ----------- 1

____________

02t---tp------

Nle

Hinh 1.34: Pac tuyén tan sé cua bé loc Chebyshev logi 1, € = 0.8
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Khi N 1, Ty (0) = 0 = |H(0)]> = 1 , khi N Chén Ty (0) = 1, = [H(0)]* =

s6 canh bang tan Q= Qc, tacod :

1,

V1+e? (1-6,)" -1

Trong do, 6, 1a gia tri cua do gon dai thong.

T,()=1=1-6, = -1 (1.193)

B0 loc Chebyshev loai 2 ¢6 ca zero 1an cuc. Pap img bién do binh phuong 1a :

1

H(Q)| = ' |
O = i o 1o T @, 10)

(1.194)

trong do la da thirc Chebyshev bac N va G la tan s6 canh dai chan nhu duoc minh hoa &
hinh sau :

B¢ Q2P tiEQ P
1f—§------ HEEeee e 1_W ------ S RIS
o.aj ------ e ] 08f---}----- deecmeens ]
06f---F----- e U] e SRRREEREEREEEELE
04f---4----- EeE s ne 04b---}----- g
e R D s 5
0 20 40 0 20 _ 40

Nchan

Hinh 1.35. Pac tuyén tan sé cua bg loc hebyshev logi 1

Ta théy cac bd loc Chebyshev dugc dac trung bdi cac thong s6 Ne N va ti sb6 Q, voi
mot tap dac tinh k¥ thuat € va QQ ta co thé xac dinh duoc bac cta bo loc tir biéu thuc:

logw[(\/l 5, +41-6, (1+g))/g(5]

logw[(Q 1Q. +(Q, Q) —1)]

Noéi chung, voi cung céac chi tiéu k¥ thuat, bd loc Chebyshev co it cuc hon (bic thip
hon) bo loc Butterworth. Néu ta so sanh bd loc Butterworth véi bd loc Chebyshev co
cung s6 cuc, cung dai thong va dai chan thi bd loc Chebyshev c6 dai qua do hep hon.

1.3.3. CHUYEN DPOI TAN SO

(1.195)

1.3.3.1. Chuyén déi tan so trong mién twong tw

Gia str ta c6 mot bd loc ha thong voi tan s cat 6c va ta muon chuyén bd loc nay
thanh mot bd loc ha thong khac c6 tan s6 cat ac. Su chuyén doi nay dugc thuc hién bang
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phép bién ddi sau :
Q. -Q. A £ R A A
s —> 5 (Thong thap thanh thong thap) (1.196)

Ham hé thdng ctia bd loc ha thong nay 1a : Hy(s) = Hp(Qc.Qc/s), voi H(s) 1a b0 loc
ban dau c6 tan sb cit 1a WC.

Phép bién d6i dé chuyén mot bo loc thong thap twong tu c¢6 tan sb cit 4c thanh mot
bo loc thong dai co tan sb cat dudi va tan sd cit trén c6 thé duoc thue hién bé'mg cach sau:
Trude tién ta chuyén mot b loc thong thap thanh mot bo loc théng thap khac cé tan sb

cat Qc =1 va sau d6 thyc hién phép bién doi:
2
SR, yang thip thanh thong dai) (1.197)
S(Qu _Ql)
© 27 1a ~ 4 ) A 5. A \ _ s* + .QI.Q 2
Khi d6 ham hé thong cua bd loc dai thong la : Hy(s) = H, | Q. (Q—Q“) . bé
S u =9

chuyén tir mot bd loc thong thép tuong tu co tan sb cat Qc thanh bo loc dai chan, ta thuc

hién phép bién d6i :
s Q¢ .2 (i5n0 thip thanh dai chan). (1.198)
sT+Q,-Q))
, Q -Q
Ham hé thong cua bd loc dai chin : Hy, (s) = (QC 28(“—')]
sT+Q,-Q))

Vi du 1.19. Chuyén bd loc thong thap don cuc Butterworth c¢6 ham hé théng H(s) : -
thanh mot bo loc dai thong co tan s cit trén nir va tan s cit dudi (1.

Giai:
X e +0,Q Q -Q).
St dung phép bién d(‘)lS——)Q(,.S—j—’——”:H(s)= . (€, -Q)s
s(Q, -Q)) sTH(Q, -Q)s+Q,Q,

B0 loc thong dai c6 mot zero tai s = 0, va hai cuc tai :

81 =%[- (Q, -Q)+Q,7 +Q 16Q,Q, ]

1.3.3.2. Chuyén ddi

Gidng nhu trong mién tuwong tw, phép chuyén doi tan sb c6 thé duoc thuc hién trén
mot bd loc thong thép s6 va chuyén nd thanh mot by loc thong dai, dai chdn hay thong
cao. Su chuyén dbi nay lién quan dén viéc thay bién bang mot ham hiru ti z' thoa hai tinh
chat sau :

(1) Phép anh xa z' -> z' phai anh xa cac diém bén trong vong tron don vi trong mat
phang z vao chinh né.
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(2) Vong tron don vi cling phai dugc anh xa vao chinh né.

Tir diéu kién (2) ta thiy khi r =1 thi ¢”” = g(e?) = g(®@) = |g(®)™ €|, 13 rang ta
phdico | g(w) |=1.

Tuc 1a phép 4nh xa phai 1a 4nh xa thong tat (all_pass). Nghia la:

g(z™) =i]_[z—_l—_~0—‘f‘— (1.199)

ial-a,.z”!
trong do ak <1 dam bao réng mét bod loc On dinh s& duoc chuyén thanh mot bd loc khac
cling 6n dinh (tirc thoa diéu kién 1).
Sau day 1a cac phép bién d6i dé chuyén mot bo loc ha thong s6 ¢o tan s6 cit o,
thanh cac b loc khéc (ha thong, thugng thong, dai thong va dai chan).
Thong thap — thong thap :

4,z - . sin[(o, —0'.)/2]

voi a=— : , @'-1a tan so cha b loc méi.
sin[(w, +0'c )/2]

Thong thap — thong cao :

RN 7 +a —cos|(o, - ' )/2]

—, V0 a= : , @' la tan so cta bd loc méi.
cos|(a, + @' )/2]

l+a.z
Thong thap — thong dai :

2 -1
P> ZBE 2B g akik ), @y = (k=Dik+D),
a2 —oyz” +1

. cos[(a)1 +w,,)/2]’ k = cos o, =0, .tan&
cos[(w, —w,)/2] 2
va ;, w, tuong Gng 13 tan sb cat thap va tan sb cit cao.
Thong thip — Chan dai :

5 27 —a,.z +a, -2a, 1-k
- —%, a, = , Q=
o,z —az” +1 k+1

ye cos|(w, + a)u)/2], b= tan(w" ) ]tanw—(
cos{(w, —w,)/2]
Vidu 1.20:
Chuyén bo loc ha théng don cuc Butterworth c6 ham hé thong:

_0.245(1+2")

10509 " thanh mdt bo loc thong dai co tan s cat dudi va tan sd cat
-0.509z

H(z)
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trén tuong ung 1a bd loc thong thap c6 dai tan 3-dB vai tan sb cat 1a.
Gidi :
Ap dung cong thirc bién d6i tir bo loc thong thip sang bo loc thong dai:

0.245(1 -, )(1 - z2)

4 2t -,z +a, _
(1+0.5092,) -1.509¢,.z™" + (e, +0.509)z

- = H(z)

2z —az” +1

B4 loc dai thong co6 cac zero tai va mdt cap cuc tuy thude vao viéc chon. Gia su

(012%,@u:3?7.:,0)(;=0.27'E:>k=1,0(,1:0(.2:0. Ta dugc :

_ 0.245(1-27)
1+0.5927

co cac cuc z==1j0.71 va cong hudng ¢ tan sO ® = —.

H(z)

o
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CHUONG II
MA HOA BANG CON VA LY THUYET WAVELET

2.1. MA HOA BANG CON (SUBBAND CODING)
2.1.1. CAu triec.
Trong cac phan trén chung ta di nghién ctru cac banh loc s nhiéu nhip.

Mot tng dung rat quan trong cua banh loc s nhiéu nhip 14 dung mé héa bang con
va giai ma bing con. Pon gian nhit 1a dung banh loc s6 2 kénh dé ma hoa lam 2 bang con
duoc minh hoa trén hinh 2.1 sau day:

Hoz) PR | o [Yeln) Y@l o |1 Gy(2)

Kénh
truyén
dan

Hy2) Q) | 5 ) v Iy 1 Gy(2)

y(n)

Ma hoa ] Giai ma
Hinh 2.1

Ma hoé bang con rat thuan loi cho viéc nén tin hiéu tiéng noi boi vi voi tin hiéu
tiéng noi thong thuong ning lugng cta phd tin hiéu phan bd khong déu. Niang lugng cia
phd tiéng noi chi yéu tap trung ¢ mién tan sd thip, con & mién tan sb cao ning luong phd
tiéng no6i rat nho. Vay sau khi qua banh loc s6 QMF trén hinh 2.1 ta c6 hai tin hiéu bing
con: Xo(e') 12 pho tan s thap s& ¢ ning lwong 16n do d6 ta ma hoa tin hiéu bang con
Xo(n) véi b it, con X;(e'®) 1a phd tan s6 cao c6 nang lwong nhé do d6 ta ma hod tin hiéu
bang con x;(n) vai bit it hon.

Vay tinh tong cong s bit dé ma ho4 tin hiéu xau c6 phd 1a X(e'®) s& nhé hon so véi
khi ta ma hoa cho toan bo dai phd cua X(e'®) .

Noi chung céc tin hiéu trong thuc t& co phan bd phd ning luong 1a khong déu nhau
vi vay ma hod bang con rat thuan loi cho viéc nén tin hiéu.

2.1.2. Céu tric dang ciy don phan giai (Uniform Reslution)

Vi ning luong phd tin hidu thuong phan b rat khong dong déu trén toan bo dai tan
56, do d6 dé m3 hoa bang con hiéu qua cao chiing ta s& ma hoa lam nhiéu tang. Tang thir

nhit chia 1am hai biang con déu nhau (mdi bang rong la %), dén tang thir hai lai lai phan

hai bang con cua tang thir nhat thanh cic bang con c6 bé rong bang nira tang thir nhat
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(mdi bang c6 bé rong 1a %) ctr tiép tuc nhu vay ching ta s& dai phd cta tin hiéu thanh rat

nhiéu dai va sau khi ra khoi banh loc phan tich bé rong phd ctia mdi tin hiéu bing con 1a
bang nhau do d6 ta goi 14 don phén giai. Hinh 2.2 cho ta thiy ciu triic dang cay don phan
giai ctia banh loc phén tich 4 kénh (hinh a) va d thi tin s6 dé giai thich dap tng tan sb
ctia bo loc ¢6 trong banh loc sé 4 kénh (hinh b).

HLYZ) | 12 |»

> Hoi(Z) e 42

HYZ) +—» 12 +»

) @

HL(Z) Ll L2

Hi(2) e L2

H.(2) L L2 e

A
y
3

Y

Tang 1 Tang 2
4‘ : :
Hy@®) | HLE) Hy,(e®) | Hp, (")
1 Hy(e") H,,(e*) (b)
+
Q
0 s & 3n T
4 2 n
Hinh 2.2

Hinh 2.3 cho ta cdu triac dang cay don phén giai cta banh loc s tong hop 4 kénh:

& T2 Goi(2) F

~>\ T2 Gg,2

= T2 == G2

[\
V}

> 12 > G2

&) T 2 Gu(Z) —

—~| 12 |~ 2

Téng 2 Tang 1
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Hinh 2.3

Tir hinh 2.2 (a) va hinh 2.3 ta ¢6 ciu tric trong dwong cau banh loc s6 4 kénh phan
tich va tong hop nhu trén hinh 2.4.

x(n)

> H,(2) }—» Vo ——» T4 o Gy(2)

H,(Z) 4 /— T4 | G2 4

H@ > 44— 14 > 6@ ﬂﬂé
y(n)
H,(Z) F 1 T4 ™  G,(2) QQY}»

- > L
Bank loc phan tich Bank lgc téng hdp
(M3 hod) (Giai ma)

Hinh 2.4

\ J

2.1.3. Ciu tric dang ciy da phan giai (Multiresolution)

CAu trac dang cdy da phan dai duoc dung trong truong hop ching ta phan hiéu
thanh céac tin hiéu bang con c¢6 bé rong phd khong bang nhau, vi vay ta goi 13 da phan
giai.

Hinh 2.5 s& cho chung ta cdu truc dang cdy da phan giai ciia banh loc sb phan tich 2
tang (hinh a) va d6 thi tan s giai thich dap Gmg tan s cua cac bd loc sb co trong banh loc
sO phan tich tich 2 tang nay.
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HY,(Z) | >
— Hoi(2) [~ ‘1'2 (a)
H?z(z) >
xSn)
Hu(2) H 2 >
- > — -
Tang 1 Tang 2
A
ng(eim) ' H?Z(ei“’) Hz)z(eiw) Hiz(eim)
1 Hy (") H, (e) (b)
o
0 Ed T 3n T
4 2 0
Hinh 2.5

Céu tric dang cay da phéan giai ciia banh loc s tong hop 2 tang dugce minh hoa trén

hinh 2.6
— T2 = G,
T 2 > Go1(2)
— T2 > G2
> > 12 - Gi(2)
Hinh 2.6

y(n)

Két hop hinh 2.5(a) voi hinh 2.6 ta s& suy ra cau tric twong duong cua banh loc s6 2
tang phan tich va téng hop dugc minh hoa trén hinh 2.7

81



x(n)

T4 o G2

> H,(Z) > 4 >

H,(Z) > 14 > T4 = G(2)
y(n)
>  H,(2) > |4 > T4 P G,(2)
Bank loc phan tich Bank loc téng hgp
(M3 hod) (Giai ma)

Hinh 2.7. Cdu triic twong dwong ctia bank loc s6 2 tang phdn tich va tong hop

2.2. WAVELET VA MUC PiCH CUA PHAN TiCH WAVELET

Bién do6i wavelet thuc chat 1a mét sy bi€u dién tin hi€u thanh cac bang tan Octave,
no6 dua trén co s& cua cac banh loc s6 va ma hoa bang con. B¢ hiéu ré hon vé wavelet,
ching ta s€ xét qua mot sO bién doi truyén thong bi€u dién tin hi€u trong mién tan so va
mién thoi gian - tan so.

2.2.1. Bién doi Fourier.

Ta biét bién d6i Fourier truyén thng phén tich tin hiéu thanh nhiing dudng sin lién
tuc & cac tan sd khac nhau. V& mit toan hoc, bién d6i nay chuyén viéc bao dudng tin hi¢u
& mién thoi gian sang mién tan s6.

Péi v6i nhiéu tin hiéu, phan tich Fourier rat ¢ loi do noi dung tan sb cua tin hiéu
dong vai tro rit quan trong. Nhung phan tich Fourier ciing c6 mot han ché rat 16n 13 khi
chuyén sang mién tan s6 thi thong tin thoi gian bi mat di. Nhin vao bién doi Fourier cia
mot tin hiéu ta khong thé xac dinh thoi diém xay ra mot sy kién nao d6. Néu tinh chét ciia
tin hiéu khong thay doi theo thoi gian hay tin hiéu 1a anh thi han ché nay khong quan
trong. Tuy nhién, hau hét cac tin hiéu déu c6 nhitng dic tinh déng hay nhét thdi, chdp
nhoang nhu 13 su dich chuyén, tao cac xu hudng khac nhau, nhimg thay d6i dot ngot tir
cac thoi diém bat dau dén két thuc cua cac sy kién.

Nhitng dic tinh nay thuong 1a phan quan trong nhat cua tin hiéu va phan tich
Fourier rd rang 1a khong thich hop dé phat hién ching.

2.2.2. Bién d6i Fourier thoi gian ngan (STFT)

Pé khic phuc nhuoc diém trén, Dennis Gobor (1946) da sur dung bién d6i Fourier
dé phan tich mdt viing nho cuia tin hi¢u tai mét thoi diém va goi 1a k¥ thuat léy ctra 6 tin
hiéu. Pay chinh 13 bién d6i Fourer thdi gian ngén, thuc hién 4nh xa mot tin hiéu thanh
mot ham hai chiéu thoi gian - tan sb
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4 Coa sz “o lT
Q- )
= =
= RS
© =
o STFT
Thot gia.'ﬁ Thot glaﬁ

Hinh 2.8. Bién doi Fourier thoi gian ngdn

STFT st dung cac ham co s¢ 1a nhitng ham mii phtrc da lay cua s6 va cac ham dich
cua chung dé tao nén bién doi. Bé c6 dugce bién doi Fourier cuc bg, ta thuc hién nhu sau
trudce tién, tin hi¢u dugc nhan vdi mgt ham cura s6 o(t - 1) va sau do thuc hi¢n bién doi

Fourier. Két qua tao ra mot bién ddi hai chiéu STFT (o, 1).
STFT(,1) I o (t—1)f(t)edt

(2.1)
Cic tinh chit ciia STFT

- Bién do6i nay do luong su giong nhau gitta tin hi¢u vé1 ham cua s6 ban dau da
duoc dich di va di€u ché, vay biéu thuc (2.1) co6 thé dugc viét lai.

STFT(co,t)=1(0'(t—r).f(t).e'j““dt=<(t).f(t)>

s

(2.1)
Trong d6: g = o(t-1).¢'"
- Anh ph 13 sy phan bo ning luong va lién quan dén STFT.
2
S(,t)=[STFT((w,7))
(2.2)

Do STFT c¢6 thé duoc xem nhu 1a mot banh loc véi cac dap Gmg xung go(-t) = o(-t
— )¢, nén anh phd 13 binh phuong bién d6 cta cac dau ra bo loc

- Ham f{(t) ¢6 thé khoi phuc lai dugc theo cong thire sau:
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O ®©

f(t)= I j-STFT((n,ﬂ:).gm,t (t)od

- STFT ciing c6 tinh chat bao toan ning luong

Dé c6 duoce sy phan giai thoi gian - tan s6 tét, ta sir dung ctra s6 Gausian va khi d6
STFT duoc goi 13 bién d6i Gabor. STET dugc sir dung dé tao ra gian dd phd trong phan
tich thoai va cira s6 hay duoc dung 1a cira s6 Hamming vi né yéu cau tinh toan it hon so
v6i clra 0 Gausian.

2.2.3. Bién d6i khoi (Block Transform)

Trong mot vai iing dung va ma hoa bién d6i, tin hiéu dugc phan tich thanh céc khéi
gan ké khong chong sat 1én nhau. Sau d6 ap dung ma hoa bién d6i trén mbi khdi doc 1ap.
Dé thyc hién bién doi ta dung mot ham cira s6 nhan voi tin hiéu 1a mot ham chi thi trong
khoang [nT, (n + 1)T], chu ky hod mdi tin hi¢u di lay cira s0 v&i chu ky T va ap dung
khai trién nhu chudi Fourier trén mdi tin hiéu di lay chu ky.

Viée xir 1y cac khdi mot cach doc 1ap gay nén két qua khong mong mubn goi 14 hiéu
tmg blocking. Hiéu tng blocking xuit hién do cac miu cudi ciung ctia mot khéi hau nhu
khong pht hop véi cac mau dau tién ciia khoi tiép theo. Diéu ndy cé thé hiéu la do viéc
phan doan tuy ¥ tai cac diém ni va dan dén van dé duong bién gia tao. Tuy nhién ciing c6
nhimg bién doi dugc st dung dwa trén tinh toan don gian hoa nay. Vi du, bién d6i
Karhunen - Loeve va phép tinh xap xi ctia nd 1a mot trong cac bién doi khdi dugc sir
dung phd bién cho cac tin hiéu rdi rac theo thoi gian.

Dé han ché hiéu ung blocking, cac nha nghién ctru da dua ra phép bién d6i truc giao
xép chong LOT. Cac ham co s¢ duoc sir dung trong bién ddi

LOT dai hon chiéu dai bién d6i va c6 su chuyén tiép xung quanh gia trj khong &
cudi mdi khdi tron hon. Nhu vdy, nhitng ham co so ciia mot khoi s& xép chong voi cac
ham co s¢ qua cac khdi gan ké. Ban dau cac ham co sé duge chon ¢ chiéu dai gip doi
chiéu dai cac khéi, khi d6 bién d6i LOT ctia mét khdi tin hiéu x dugce tinh bang:

X=P'X

Trong d6 x 1a khdi mé rong c6 2N méu, P 13 ma tran LOT (2N x N) Dé thoa mén

yéu cau khoi phuc hoan hao (PR) cta hé théng, ma tran P phai thod man cac quan hé.
P'P=1vaP' W.P=0

. . , 0 1
Trong d6 I 1a ma tran don vi, W 1a toan tir dich c6 dang: [ :|
) 0 0
2.2.4. Phan bo Wigner - Ville
Thay thé cac khai trién tuyén tinh tin hiéu 1a khai trién song tuyén tinh va phan bd
Wigner - Ville 1a mot dic trung cho kiéu khai trién d6. Viéc biéu dién song tuyén tinh
thay thoi gian - tan sd bac hai xuét phét tir y tudng vé phd cong suét tirc thoi, vi du 13 anh
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phd. Ngoai ra phan b thoi gian - tin s6 TFD(w, T) ciia mot tin hiéu f(t) co thé bién ddi
Fourier F(®) phai thoa man céc tinh chat dudng bién.

Tich phan theo T v6i co cho trude phai bang [F(w)|* va tich phan theo © vdi T cho
trude phai bang [F(t)]

Phai thoa man tinh bat bién dich chuyén thdi gian - tan sd, nghia 1a néu g(t) = f{t -
19). " thi TFDy(®, ) = TED(® - 9, T - To).

Phan bd Wigner - Ville phai thod man nhiing diéu kién trén va mét sd diéu kién
khéc. Phan b Wigner - Ville cho moét tin hiu f(t) dugc dinh nghia.

WDHw, 1) = If('c - %).f[T - %jej“"dt

Dic tinh n6i bat ctia phan bd Wigner - Ville 14 kha nang nang cao do phéan giai thoi
gian - tn sd. V&i cac tin hiéu don thi phan bd nay cho ra diy niang luong tap trung va rat
rd rang trong mit phang thoi gian - tan s6. Tuy nhién vu diém nay dan dén nhidu giao
thoa d6i v6i cac tin hi¢u nhiéu thanh phan. Mic du c¢é thé loai bo cac nhiéu nay nhung nd
s& lai dan dén lam giam su phan giai.

2.2.5. Bién doi Wavelet.

Phén tich Wavelet vu viét hon STFT & chd nd cung cip mot ky thuat 13y cira s6 voi
kich thudc cira s6 co thé thay d6i duoc. Phan tich wavelet cho phép sir dung khoang thoi
gian dai trén mot doan tin hiéu ma chung ta mong mudn c6 thong tin tan sb thap chinh
xac hon. Va nguoc lai st dung khoang thoi gian ngan hon & noi ma chang ta mudn cd
thong tin tan s6 cao rd rang hon. Noi cach khéac, phan tich wavelet cung cap kha ning
dinh vi tan s6 va dinh vi thoi

tft hon (hinh 2.9). 4

wavelet [l:

/s >
»

Thoi gianr O Thoi gian
Hinh2.9

C6 mot diém chi y & day 1a phan tich Wavelet khong anh xa tin hiéu sang mién thoi

Bitndo °

Ty B (scale)

gian - tan s6 ma thay vao d6 1a mién thoi gian - ty 1¢ (time- scale).
2.3. KHAI NIEM VE WAVELET

Wavelet 1a nhitng ham co s& () 1lién tuc theo thoi gian. Co sé 1a tdp cac ham ddc
1ap tuyén tinh dung tao ra ham f(t) nao do:
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f(t): t6 hop cac ham co so = > b, v, (¢)

(2.3)

Tinh chat dic biét cua co s& wavelet 13 tat ca cac ham o, (t) nay dugc xay dung tir
mot wavelet me y(t). Wavelet nay 1a mot song nho dugc dinh vi, thay vi dao dong mai
mii, nd suy giam nhanh xudng khong. Thong thudng nd bit dau thoi diém t = 0 va két
thuc tai t = N.

Wavelet dich y,(t) bét dau tait=nva két thac tait:n + N, dd thi cia chung duogc
dich sang phai n 1an. Wavelet ty 18 yo,(t) bat dau tai t = 0 va két thuc tai t = N.2™, db thi

cta chung dugce nén lai 2™ lan.

9.04 al T .2
¢6.02 <
u‘___,./\/v, ] f({) = \ll(f) Doa = 1
©.02 — .
] 200 400 600 BGO 1000 {1200 1400 {600 1800 2000
0.04 v . y — —
.21 b 1
- ¢ . -~ .
05/\/‘\/\__‘ f(“ = W(zt) , a 5
_0‘02 I 1 A A A e, - i 4
) 200 400 600 660 1000 1200 1490 {00 {860 2000
0.04 ~r v T v -7 ~r— .
0.02} { : 1
flt)y =w(4t) ; a==
0 ] 4
_002 i 1 I A S ¥ s A A "
D 200 400 60O  BOd 1000 1200 1400 {400 1800 2000

Mirc phén tich voi hé so a < 1 twong wng vdi tdn so cao tan so song me

! -
0 0 J\U i
Wavelet function , Shifted wavelet function
wi(t) it -k
Hinh 2.10

Mot wavelet thuan i, (t) duoc nén ai 2™ 1an va dich n 1an

Yinn(®) = Y(2"t ~ 1)

Mot thude tinh ndi bat cia wavelet 1a tinh truc giao (orthogonality). Cac wavelet
tryc giao khi tinh vo hudng cua ching bing khong.

86



I Vinn(O)yvn(t)dt = tich vo hudng ctia v, va yun(t) =0
Nho d0, co thé tinh duge hé sb binh mot cach don gian hon: nhan f(t) trong biéu
thire (4.3) v6i yun(t) va 1dy tich phan ta duoc:

@

IS (RO

-0

2.4)

Nho tinh triue giao, biéu thire (4.4) loai bo tit chuyén cac tich phan ** v&i yyy trir
truong hop m = M va n = N, tuong ng s& tao ra thanh phan (yyn(t))”. Khi d6 by 13 ty
s6 ctia hai tich phan trong biéu thtc (2.4).

2.4. XAY DUNG WAVELET BANG PHAN TiCH PA PHAN GIAI

Hau hét cac k¥ thuat phéan tich ngdy nay déu mong mudn tim ra phuong phap dé
phan tich cac ham tuy y thanh tong ciia nhitng ham riéng c6 dy du cac uu diém cta phan
tich Fourier va phan tich Haar. M&i phan tich nay déu c6 nhiing han ché.

- Cac ham co s¢ cua phan tich Fourier c6 tinh dinh vi tan s, nhung khong dinh vi
chinh xéc theo thoi gian.

- Nguoc lai cac ham co s¢ cua phan tich Haar thi dinh vi hoan hao theo khong gian
nhung khong dinh vi theo tan sb.

Bién d6i wavelet wu viét & chd nd tao ra mot 16p truc giao mé rong cua cac ham
trong L,(R) véi cac tinh chat déu, xap xi va dinh vi t6t theo thodi gian va tan so. Trong khi
do, STFT khong dép tmg dugc mot hé théng truc chuin hoan hao cta cac ham dinh vi
trong R. Chung ta s& lam rd dic diém ndy & phan dudi déy.

2.4.1. Phan tich da phan giai (MRA)

K¥ thuat phan tich da phéan giai cling giéng nhu hoat dong phan tich bang con va ma
ho4. Pé ma hoa mdt cach hiéu qua tin hi€u dugc phan chia thanh tdp hgp cac bang con.
Khi d6 sb lwong bit/pixel dé ma hoa cic thanh phan tin sb thap s& nhiéu hon d6i véi cac
thanh phan tan s cao, diéu nay s& din dén s luong bit tong cong dung dé ma hoa tin
hiéu s& giam xudng.

Tin hiéu cho trudc s& duoc biéu dién dudi dang mot xap xi trung binh (phan tho)
cong véi cac chi tiét (phan min) hay con goi 1a sai s6 du doan bang hiéu sé giira tin hiéu
gbc voi phan du doan dya trén phan thd. Cac khong gian xap xi va khong gian chi tiét
truc giao. Khi ap dung cac phép xdp xi lién tiép dé qui, ta s& thiy khong gian ciia cac tin
hiéu vao L,(R) ¢ thé dugc bao bai cac khong gian chi tiét lién tiép & tat ca cac mirc phan
giai. Ly do 1a khi cdp phan giai chi tiét ting t6i vo cling, sai sé xp xi (phan thd) s& tién
to1 gia tri khong.
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Trong hinh 2.11, day tin hi€u vao sao véin =0, 1, 2,...,N- 1 dugc gidi han bang tir 0
dén 1. He théng c6 so dd nhu trén chi st dung cac bd loc thong thép §(1), cac bo loc

thong cao A(/) va cac bo phan chia (decimation) thuc hién phép phan tich sau thanh céc

thanh phan chi tiét d!

notte

thé xin nhu thanh phan mét chiéu.

d' (phan min) va c6 dai dién cho phan tho nhat khi L —co thi ¢6

(0}
Il_(;) c,' — ¢,? e,k
2 oY 2>
0 0.5 0u 0.01
J2g(l) J2g()
|_D /2 (1) m J2h() “__
0 05 1 '\0.’25 0.02
I I
45) %) 45)
ldnl ian i dnL

Hinh 2. 11. So do phan tich da phén gidi

B thu c6 thé khoi phuc tin hidu gbe s(n) & dau bén kia tir cac thanh phan bing con

theo so' dd trén hinh 2.12. Sau bd ndi suy 13 cic bo loc thong dai hay thong thap dé loai

b6 thanh phan hu danh (aliasing).

L

2

1

Hinh 2.12. Khoi phuc giai

“n + Cn + G + s(n)
T2 ' T2 I—] — 12 H
0.01 + 0 0.25 + Y +
J2g() J2g()
“ V2h() \ ’ ‘ Jﬁ(l)‘ |
0.02 n0;25 0 05 i
| [ T
12 12 12
4k 4, 4,

Trong cau tric trén, tai mo1 mirc phan giai m cua tin hi¢u thi budc thoi gian tai mirc

d6 12 2™. Cac ham ty 16 (2™t — n) 1a mot co s6 cho tap cac tin hiéu dung dé biéu dién lai
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thanh phan trung binh. Cac chi tiét tai mirc m dugc biéu dién lai boi cac wavelet P(2™t —
n). Khi d6 tin hiéu trung binh két hop védi cac chi tiét tai mirc j dé cho ra tin hiéu tai muc
m - 1. Cac gia tri trung binh thu dugc tir cadc ham ty 1€ va cac chi tiét thu dugc tir cac
wavelet. C4u triic da phan giai cho mot tin hiéu nhu sau;

\\ |
/'

Tin hiéu tai mic m

+ tin hiéu tai mic m -1

Chi tiét tai mirc m

Khi chung ta 4p dung cau tric nay cho tat ca céc tin hiéu thi ta c6 duoc d6 phan giai
cho khong gian cac ham:

Vo = Khong gian ty 1€ tai mic m

+

Chi tiét tai mikrc m /

Céu trac da phan giai 1a mot co so tat yén cho phan tich ty 1¢ phan giai khac nhau

tin hiéu tai mic m -1

hon cac tan sd khac nhau. Mit phang thoi gian - ty 1& ddc trung cho cac Wavelet mat
phang thoi gian - tan sé dic trung cho cac bd loc. Pa phan giai tn s6 thanh cic bing
octave (quing tam), tir ® dén 2w, thay cho cic bang déu tir ® dén o+Ao.

D6 thi duge nén lai khi f(t) dugc thay boi f(2t), nghia 1a bién d6i F cua né thay doi

\ £ 1 cr o A X . N R ey e e

tr F(w) dén EF (%J Gia tri tan sO dugc dich 1én trén modt octave khi gié tri thoi gian
dugc chia 2. Khi d6 mit phang tan so - thoi gian dugc phan chia lai thanh cac 6 chir nhat.

Su két hop hai hoa gita khoang cach thoi gian dai véi tan sb thap va khoang thoi
gian ngin véi tan sb cao xay ra mot cach tu nhién trong wavelet. D6 1a mot trong nhiing
diém héap dan ctia phén tich wavelet.

A® A @ (hay mitc ty 1&é m)
Aw=2%" 4
X sl
i Com=2 ’
] m=3 :
’ n _’
Aw. At c6dinh ¢ Al =2 t

Hinh 2.13: Céc 6 vuéng cé dinh trong mdt phang thoi gian - tan sé

trong phdn tich Fourier tro thanh cdc 6 chit nhdt trong phdn tich wavelet.
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2.4.2. Céc tién dé ciia phan tich da phan giai (MRA)

K¥ thut phan giai truc giao phan tich mot tin hiéu sai hanh cac thanh phan ty 18 tan
s6 khac nhau 2™ (v6i m nguyén). Tuong tng v6i mdi ty 1é (dai tan) 13 mot khoang khong
gian con kin Vm, m e Z, cac khong gian con ndy 13 cac ham thoi gian thod man cac tién
dé sau:

1. Tinh bao ham (containment)

Két hop véi tinh toan ven (completeness) va tinh rong (emptiness)

Vi € Vi

(2.5)
UV, =L,(R)

(2.6)
Q v, ={0}

(2.7)

M3di khong gian con ty 18 V,,, duoc chira trong khong gian con ké can V,,.;. Nghia 1a
néu mot ham & trong khong gian con d6 thi nd ciing & trong & trong tat ca cac khong gian
con mirc cao hon. Cac khong gian con nay bat dau véi khong gian rdng {0} va khai trién
thao ty 18 2 d¢é dat toi khong gian cua tat ca cac ham kha tich binh phuong Ly(R).

Tinh rdng nghia 13 |[fm(t)]|— 0 khi m — oo va tinh toan ven nghia 1a f,,(t) — f(t)
khi m — -co.

{0} > ...VhcVn c...cVyc V, c V, c... > LyR).

Mot ham f(t) nghia trong khong gian toan ven s& c6 mdt anh fm(t) trong mdi khong
gian con V,,. Pay chinh 14 chiéu cta f(t) 1én khong gian con V:
£ (t)= z c.e™
|k|zm

2

Cac ham e™ tryc giao nhau nén ning lugng trong (f,(t) bing Z| ¢, > mot tong

|k|=m
trong mién tan sd thip trong mién tan s6 thap [k| > m, va ning luong trong f(t) - f,(t)
bang mot tong trAn mién tan s cao [k| < m, né s& bang 0 khi m —oo . Vi vy chudi V,,
tron ven trong toan bd khong gian L, (R) tuan hoan 2.

Tiép theo xac dinh ho khong gian con thir hai 12 khong gian Wavelet W,, chira chi
tiét tai mirc m: Afyy(t) = f,.1(t) - £ (). Néu xét vé khia canh khong gian thi:

Vm®Wm = Vm-l

Khi trong d6 mdi ham trong V,,.; 1a tong cua 2 thanh phan truc giao f,(t) trong V,,
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va Wm. Khai trién cong thirc cho dén gia tri tbi da m = M, ta co:
Vi®W, W 1D...8W,,1&W =V, 1.
Va d6i véi ham trong cac khong gian con d6, phuong trinh tro thanh:
Fu(t) = AFum(t) - A Fyg(t)+...+ A Fi(t) = AF . (t)
Ta rut ra dugc nhan xét quan trong:
- Khong gian W, 13 hiéu s giita cac khong gian V,,
- Khéng gian V,, chinh 1a tong cua cac W,

- Tur tinh truc giao cia mdi manh f,,(t) voi chi tiét Af,,(t) din dén nhitng khong gian
con nay la truc giao nhau. Néu W,,, truc giao voi Vi, thi Wy, s€ tu dong truc giao véi tat
cd Vi (k>m). Diéu kién toan ven c6 thé duoc phat trién lai nhu sau:

Vi@ Z W =L,[R)
Tuy nhién diéu kién truc giao 1a khong can thiét, Gia sir voi mot co s¢ khong truc
giao binh) thi ta van c¢6 dugc khong gian con V. 1a téng truc tiép cua V,, va W, giao
nhau tai véc to khong va khi dé goc giira cac khong gian nhé hon 90°.

A
Vo(@)

V(o) Wl (('0)

0 B
Hinh 2.14: Phé cia cdc khéong gian con
2. Tinh bt bién ty 1

f(t) e Vo & f(2t) € Vi 2.8
f(t/2) e V, fit) e V, f2t) € V,
A A A
_ t t t
0 4 8 12 0246 023

Hinh 2.15: Tinh bdt bién ty 1é ciia ham hdng tirmg mau f{t)
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Néu mot ham f(t) nam trong khong gian con V,, thi f(2t) nim trong khong gian V,,.
.. Didu nay xuét phat tir didu kién gidn: V,,; chira tit ca cac ham ty 18 trong V,,. D6 thi
cta f(2t) thay d6i nhanh gip 2 1an so véi d6 thi cua f(t). Vi du minh hoa diéu kién gidn
ctia mot ham hang mau f(t) trén hinh 2.15.

3. Tinh bt bién dich chuyén.
F(t) eV, & f(t—n) eV,
(2.9)

La yéu cau co ban vé tinh bat bién thoi gian trong xir 1y tin hi¢u. Goi f(t) nam trong
V, thi f(2t) va ca f(2t-n) ciing ndm trong V, (v&i n e Z). Pay chinh 14 tinh bat bién dich
chuyén cua cac khong gian con, nghia 1a cac ham trong cic khong gian con d6 khong
thay di trén timg khoang tinh tién. Nho su dich chuyén ma ta c6 thé 1am viéc trén toan
bd truc thoi gian -0 <t < + oo,

4. Sy ton tai cua cac ham ty 1¢ truc chudan

Yéu ciu ton tai mot ham ty 16 @ (t) e Vi, né thudc tap
{(bmn (t)= 2_7¢(2"‘t—n)} n 1 sb nguyén

(2.10)

La mot ham co s¢ tryc chuan dé bao khong gian V,,. Vi du goi V,, 14 khong gian
con clia cac ham hang timg mau, khi d6 ham ty 1& c6 dang.

R

1 0<t<1
0 gidtri khéc

ﬂ‘<|>00('[):¢(t) . Omn(t)

-
\ Al

1 2™n 2™(n+1)

Hinh 2.16.Cdc ham co sé truc chudn
Tir db thi ta d& dang thidy ham ¢p,(t) hinh thanh nén mot co so truc chudn trong
khong gian con Vy, dé cho Jdumn()dmi(t) = Sni
Do d6, bat ky mot tin hiéu f(t) ndo trong khong gian V,, ciing ¢ hé luge biéu dién
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lai mot cach chinh xac nhu 1a mot t6 hop tuyén tinh ctia Gn(t).
5. Vy ¢6 mét co sé én dinh (co sé Riesz)
Diéu kién 4 va 5 ¢6 thé hoan d6i cho nhau. Mot co s& 6n dinh ¢6 thé duoc truc giao

hoa trong mot doan c6 sy dich chuyén bat bién. Ta dinh nghia: 6n dinh = Riesz = doc lap
d@)ng dang. Thuc té, ta chon mét co s& thich hop, truc giao hoac khong. Khi d6 V,, c6

mot co SO () = 2_%¢(2_’"t—m) va fm(z)zia 4 (1)

mn

Trong truong hop truc giao nang lugng ciia manh nay la:

0
17l = Xlan

|=—00

Nhan xét

- Néu chung ta ky hiéu Projy,[f(t)] 1a hinh chiéu tryc giao cua f(t) 1én V,, thi (4.6)
c6 thé dugc phat biéu lai nhu sau: 1y Projy, [f(t)]= f(©)..

- Khai niém da phan giai c6 hiéu luc chi v6i (4.8) vi tit ca cac khong gian déu l1a
ban anh ty 1€ ctia khong gian trung tam V.
- Ham ¢(t) trong (2.10) duogc goi la ham ty 1¢

- Khi dung cong thac Poisson, tinh tryc giao trong (2.10) cua
{¢mn (=272 ¢(2mt—n)} 12 mot co s cua kha ning V., nd chi thu dugc néu st dung céac

diéu kién (2.5 - 2.10).

- Tinh tryc giao ciia ¢(t) 12 khong can thiét vi mot co sé khong truc giao (v6i tinh
chét dich) luon luén cé thé duoc truc giao hoa.
2.4.3. Xdy dung wavelet bing MRA

Céac wavelet xay dung trén phuong phap phén tich da phan giai can dén cac phuong
trinh gidn va phuong trinh wavelet. Myc dich ctia phuong trinh gidn ding dé giai ra cac
nghiém ¢(t) va y(t) (dan theo nghia budc thoi gian At = 2™ dan ra. Khi dich chuyén tir
mirc m thip sang mitc m cao trong phan tich MRA).

* Phwong trinh gian (the dilatioin equitioin)

Vi ¢gy(t) bao khong gian Vi va ¢_gu(t) bao khong gian V, déng thoi Vo € V,, nén
ham ty 18 dga(t) cling ndm trong V.. Nhu vay dgo(t) = ¢(t) phai 1a mot té hop tuyén tinh

1
ctia cac ham co sé truc chuan ¢ ,,(1)=2%¢(2t—n) cia khong gian V ;:

6(t)=v2 X &, (n)p(2t-n)

n=-o
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(2.11)

Phuong trinh (2.11) goi 1a phuong trinh sai phan ty 1€ 2 hay phuong trinh gian véi
go(n) 1a hé sb cua phuong trinh. N6 ciing dugc goi 13 phuong trinh loc (refinement
equition) bai vi n6 biéu dién ¢(t) trong khong gian loc tinh hoan 1a V. Khéng gian d6 c6
ty 18 tinh hon At = 1/2 va né chta ¢(t) c¢6 ty 1& At = 1 Phuong trinh gidn 1a két qua tryc
tiép cuaVy c V..

Lay bién do1 Fourier 2 vé ta dugc:

= [o(t)e™dt=v2 3 g,(n)6(2t ~n)e™dt

—\/—_Z_: g,(n _[(I) tle J;ne: J(;ndt

L e e

(2.12)

Trong d6: G, (ej”) =Y g,(n)e™"
neZ

Ham nay dic trung cho phén tich da phan giai. N6 1a ham tudn hoan chu ky 2x va
6 thé duge xem 1a bién ddi Fourier roi rac cua mot bo loc thoi gian 101 rac go(n). Nhan
xét nay biéu hién sy két ndi giira thoi gian roi rac va lién tuc tir d6 cho phép xac dinh co
s& wavelet thoi gian lién tuc tir cac bo loc ldp roi rac. N6 cling cho phép tinh toan cac
khai trién wavelet thoi gian lién tuc sur dung cac giai thuat thoi gian roi rac. Mot tinh chat
quan trong nita ciia Go(e'®) ciing biéu hién dugc lién két giita thoi gian roi rac va lién tuc:

2

i(e+m)

G, (e )

+ =2

G()((:j“’)2
(2.13)

* Xay dung wavelet:
Chung ta nghién ctru phuong phap xac dinh wavelet bat dau tir dinh 1y sau:

Dinh ly: Bt ky diy khong gian nao thoa man cac tién dé tir (2.5) dén (4.10) déu ton
tai mot co s& truc chuan cua khong gian W,

{wm,, (t)=2—£22\|!(2‘"‘t ~m) m,nez}
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Trong d6: W, 1a khong gian bu truc giao vdi Vy, trong khong gian V,,,.;. Cac ban am
dich cua y(2™t) tao ra khong gian W,,. Khong gian cac wavelet d6 truc giao vGi nhau vi
Wy < V,vaV, 1 Wi Tur cac khong gian tryc giao, ta c6 cac ham co sé truc giao. Va tu

tinh tron ven (4.6) sé& tao ra mot co so truc chuan w, ()=2 2y (2™"t—n)cla L*(R).

Muc dich cua chung ta 1a xac dinh wavelet y(t) € W, tirc 1a mot co sé truc chuin
y(t-n), n e Z cho khong gian W,. Vi Wy, V., nghia 1 y(t) ¢6 thé duoc biéu dién dudi
dang t6 hop clia co so triuc chuan trong khong gian V.

w(t)=\/§§ho(n)¢(2t-—n)

Bién ddi Fourier c4 hai vé ta dugc:
1 i O

o)=—=H | e? [®| —
vie)=7 ( ) (2J

Trong d6 Hy(e*) 1a mot ham tudn hoan chu ky 2x tir L*[0, 2xt]. Ta ¢6 y(t) € W, ma
W, thi lai truc giao vdi Vi nén:

(2.14)

<d(t — k), y(t)> =0 vadi Vk
Chuyén sang biéu dién trong mién Fourier nhu sau:
Jy(0)@ (0)e**do=0
hodc tuong duong voi
2n
[edoY y(w+2ml)®" (0 +271)=0
0 1
=  Yy(o+2n)d (0+21)=0
|

(2.15)

Thay (2.12) va (2.14) vao (2.15), r0i chia téng theo 1 thanh 2 tong theo 1 chén va 1
1é.

*

%ZH‘) (ej[%mn] }D(% + Zlﬂ)G; (ej(%ﬂn] JCD* (% + 2111:) + (2.16)

%ZHO (e@*‘z‘*‘)") }D(i;. +(21+ 1)n)G;'; (e"@*‘z‘“’"})cp* @ +(21+ 1)n) =0

vi Gy va Hy tudn hoan chu ky 2m, thay Q =§ ta duoc:
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H,(e")G; (e )Z“D(Q +2Im) +H, (! )‘;‘cp(g +(21+ 1)n)2‘ =0
ap dung biéu thtic (4.12), ta ¢6 tong ®(w)= 1, do do:
H (ejQ )G0 (e’“) +H, {ejmﬂ) } G, (ej(9+")) =0

Phuong trinh trén cho ta thay sy lién két giita thoi gian rdi rac va thoi gian lién tyc.
Vi G, (') va G, (e’®™) khong thé dong thoi bang khong (theo 2.12), suy ra:

H, (¢7) =A(e")G;(e")
Hoic biéu dién trong mién thoi gian:

h,(n)=(~1)"g,(-n+1)

Nhu vay wavelet thu dugc c¢6 dang nhu sau

v(o)= —715—6"36’; (e’@”‘]J@(% )
v(t)=V23(-1) g,(-n+ 1)¢(2tfn)

neZ
>

(2.17)
2.4.4. Vi du xiy dung wavelet biang phan tich da phén giai
2.4.4.1. Xay dung wavelet Haar

Goi Vi, 12 khong gian ctia cac ham hang trong timg khoang
(270,27 (n+1)]. Khi dé: £ eV "o =3 (1)

Qua trinh 14y trung binh cta hai khoang lién tiép tao ra mot ham f™ e V., (vi nd
12 mot ham hang trén cac khoang [2™n, 2™(n+1)]. Phép tinh trung binh thuc chat 1 phép
chiéu truc giao cua f™ e V,,, vi hidu s6 d™ = ™ — {™ thi tryc giao véi Vi (tich vo
hudng cua d™ thudéc vao mot khong gian W, truc giao voi Vi, Khong gian W4
duoc trai ra nho cac ham dich o, (t)

Ham nay lai 13 hinh chiéu truc giao cia f™ 1én W,,,,. Nhu vay ham ™ bat ky déu
c6 thé viét dudi dang m{t ham trung binh cong véi mot ham hiéu.

Tur do, ta nhan théy réng Wi la phén bu tryc giao voi Vi, trong Vi,
Vm = Vm+l (_B Wm+1

va (4.20) c6 thé duoc viét lai:
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£ (t)=Proj,_ [ £ (1) ]+ Proj,_ [ (1) .

Thuc hién 1dp lai qua trinh trén, phan tich V., thanh V., Va Cta thé tiép tuc ta
duoc:

Vo=Vt © Wi © W, 1 D...

Vi cac ham hang timg mau day dic trong L,(R), khi chiéu dai cua mau tién t6i
khong thi tién dé (2.6) dugc thoa min nén cac Wavelet Haar hinh thanh nén mot co so
cua L,(R). Bay giod chung ta xay dung Wavelet Haar st dung k¥ thuat phan tich da phan
giai dé trinh bay & trén. Co sd ctia Vo 1a {¢(t—n)}, n e Z:

1 0<t<1
Mt)“{o t khéc
Dé tim Go(e®), ta 6 thé viét: §(t) = d(2¢) + p(2t — 1)

Noj
~-j=

, 2 , 2
Bién d6i Fourier hai vé ta ¢o: CD(co) = L Lo CD(E)-) (2.18)

V22 2

ap dung (4. 1 8) dé tim Hy(¢'®).

N RN

j® \ 1 Py (O] .
Thay Hy(e’®) vao \u(co) = EHO (e 2 j(D(E), ta tim dugc \;1(0))

B () = (o) = -er (L €7)_ (1221

Bién d6i Fourier nguoc dé tim lai wavelet y(wm)
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y(t)=0(2t)- (2t -1)
r1 0<t<

N =

w(t)={-1 2 <t<1

0 tcon lai
11 11
(a) o(t) \’:1)(2t ¢(2t-1)
0 pt 0 t,
\ L V2 vt
1 . w(t) 1 : ":
®) ty ’ 0 ' e

Hinh 2.17. (a) Ham ty ¢ voi cac ban anh gian va dich cua Haar
(b) Wavelet Haar voi cac Wavelet ty I¢ vu dich.
Nhin xét.

Wavelet Haar y(t) dang song vudng cé gid compact. Chung ta stir dung tir "gid" cho
mot khoang khép kin va lién tuc theo thoi gian, ¢ day 1a [0, 1] c6 ké ca 2 bién, ngoai
khoang d6 thi w(t) = 0. Ttr "gia compact" ¥ mudn néi dén tap hop kin nay duoc bao lai.
Wavelet bang khong ¢ ngoai khoang duoc bao cho thdy gid compact tuong tng véi bd
loc FIR ¢6 chiéu dai hitu han.

- Thyec ra cac wavelet khéng can phai co gia compact. Chung c6 thé thu duogc tir bo
loc IIR thay vi bd loc FIR. Trudc day Wavelet Haar dugc xay dung theo cach khac,
khong lién quan dé bo loc. Ching dao dong trén va dudi diém khong doc theo toan b
tryc thoi gian va suy giam vé khong khi t — co. Chiing van c6 dy du cac tinh chat cta

mot wavelet.

- Ingrid Daubechies d3 chi ra rang gia compact dé c6 hon d6i vdi cac Wavelet khac
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Wavelet Haar.

Wavelet Haar c6 duoc mot thude tinh rat quan trong 1a tinh tryc giao, nghia la y(t)
tryc giao voi cac ban anh gidn va dich chuyén cua né.

Wavelet co so chira tit ca cac ham w(2™t-n) 12 mot co s& truc giao.

Trén hinh (2.16) cho cac wavelet Haar dau tién, ta nhan thay:

<‘V(‘)-\V(2t)> = Ew(t)\v(Zt)dt =0 (2.19)

-

(w(t)w(2t-1)= [w(w(@)d=0

<\p(2t).\p(2t—1)>=:[\p(2t)\u(2t——l)dt=0

2.4.4.2. Xay dung wavelet Sinc.

Pé tim duoc wavelet Sinc, chiing ta s& bat dau véi chudi cac khong gian duge gin
vao nhau. Thay vi ding cac ham hing timg mau, ta xét cc ham bj gidi han biang tan.

Goi V) 1a khong gian cac ham bi gidi han bang [-w, n] chinh xac hon 1a V, chura
cos(mt) nhung khong chira sin(nt). Do d6 V 1a khong gian cuia cadc ham bi gidi han bang
[-2m, 2xt]. Khi d6 goi Wy 1a khong gian cta cac ham bi gidi han bang [-2x, - ©t] U [&, 27]
(W, chi chtra sin(nt) nhung khong chira cos(mt)) thi:

A

V-1 = V() ® W()
< Vi _—
S Vo _—

V.
W, Wo
O)L
/2 s 2T

Hinh 2.18: Phén tich V, thanh cdc bang octave lién tiép

Ta ¢6 V| truc giao vd1 W, va cun thugc khong gian V_, hinh chiéu cua ndi ham b
tir V., 1én V, 13 mot xap xi thong thap f©, va sai léch d? = D — £ s& ton tai trong W°.
Tiép tuc 1ap lai sy phan tich trén ta dugc:
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vV, = Z;)Wm \'
Qua trinh trén goi la su phan tich octave cua V_, va cling dugc goi la qua trinh loc
hang s6 Q do mdi bang c6 do rong bang thong twong ddi ¢b dinh. Co sir truc giao cua V,
sin 7t

dugc ca boi {sin c(t —n)} hay ¢(t) = —

Day 1a ham ty 1€ cho khong gian V, cua cac ham bi gidi han bang [-w, ]. 4p dung
(4.14) ta co:

. T
1 Sm[7) (2.20)
£ (n)= 5 -
2
, \/5 —ESOJSE
va Go(”)= 22
0 o khic

Nghia 1a Go(e’ ) 1a mot bo loc théng thap 1y twong, ap dung (4.18) ta co:

e T 1
. —~\/—2_eJ we[—n,——}u —,7
H,(e")= 2] 12
0 ® khac
12 mot bo loc thong thap 1y twong co dich pha
Day hoan nhan duoc 1a: hy(n) = (-1)"go(-n+1)
Ta xdy dyng dugc wavelet Sinc: y(t) = V2 Z(-1)" " go(n)p(2t —n + 1)
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(a)

T e

o - i ALAVA o V/\WAV' 5]

Jre

Hinh 2.19. (a) Ham 1y 1é va bién déi Fourier ciia né
(b) Wavelet Sinc va biéu dién trong mién tan so.

2.4.4.3. Wavelets Daubechies.

Tt vi du vé Haar wavelet, ching ta c6 thé thiy rang bién dbi wavelet 1a twong
duong voi loc st ly cung mot lic trong hai bo loc.

Nam 1988 Daubechies kham phé ra mot 16p hiru ich va quan trong cua hé sb loc,
tap hop don gian nhat chi c6 4 h¢ s6 (DAUB4).

Chung ta hiy nghién ctru chiing theo viéc bién dbi hoat dong trén mot vecto dir liu
to € 2 O &

G -G q -
()] 1 Cy 3

G -G (O - ¢
* 0t o € 2 QG
3 @ q <
G Q L o Q
- 3 —C3

Hoat dong ctia ma tran nay s€ thuc hién hai quan hé chéo nhau, nhung c6 quan hé,
loc.

(co, €1, €2, €3) - H va (c3, -c3, €1, -Cp) - G, Chlng ta c6 thé coi H nhu bo loc (tron) va
G nhu 1a mot bo loc wavelet. Chiing dua ra nhitng thong tin tong thé va chi tiét. B6 loc G
duoc chon lam bo loc hdi dap, né dua ra nhitng thong tin dﬁy du nhét, diéu nay duogc thuc
hién bai viée tao cac gia tri G khong tie thoi. Khi p tire thoi bing khong ching ta noi
rang, G thoa man diéu kién twong (mg cua yéu cau p.
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C3-Cz+C1-C0:O
OC3 - 1C2 + 2C1 - 3C0 =0

Nhu vay viéc bién doi vecto dir li¢u da c6 hi¢u qua, van dé 1a ta phai c6 kha nang tai
1ap lai tin hiéu goc tir cac thanh phan hon hop tong thé va chi tiét, diéu nay co thé dam
bdo bdi ma tran trén 1a tryc giao, nhu vay n6 chi viéc hoan doi. Trong khong gian roi rac
di€u nay tuong Ung cua di€u kién truc giao doi voi chirc nang lién tuc. Diéu kién truc
giao dit ra hai diéu kién rang budc vé hé s6. Chiing c6 thé duoc dan xuat béi phép nhan,
b1 hoan doi voi yéu cau rang san pham phai 1la mot don vi ciia ma tran.

2 2 2 2
C3” t ¢y t ¢ +C0:1
C3cl+0200=0

Bdn phép toan cho cac hé sb c¢6 phuong an duy nhat. DAUB4 chi 1a cai don gian
nhét trong ho wavelet vo1 gia tri ciia hé $6 tang 1én hai mdi 1an phan tich (4, 6, 8, 12...
20,...). Mdi lan chung ta ting thém 2 nita cho hé s6, nhu vay chung ta di ting rang budc
tryc giao va ting gia tri khong tuc thoi, hay nhing diéu kién twong tmg. Daubechies d
xdp xép thanh bang cac hé s6 cho nhiéu trudng hop va chung c6 thé chén vao trong cac
chuong trinh ctia may tinh.

Bién d6i wavelet roi rac dugc xur 1y béi giai thuat hinh chép, hé s6 ma tran duoc ap
dung theo thir bac, sau phép bién doi dau tién ciia vecto dit liéu c6 chiéu dai N, thong tin
duoc luu giit trong phan tir N/2 cudi cing ctia phép bién ddi vecto, va phép bién doi khac
ctia hdn hop phang N/2 s& thyc hién cung cic cac vecto chi tiét va cac vecto phang cho
mdi chiéu dai N/4. Thong tin chi tiét tai mic ndy dugc luu gitr va cac bién do6i vecto
phéng N/4 khac duoc thuc hién.

[ 1] [ 51 ] [ | [ 51 ] KR
X3 d, s, | frransform | D, | permute | s,
X3 S> 53 —_—> S —_—> Dy
x4 | transform d, |permute| s, D, Dy
X5 —> || — |4 d ey
X dy d- s 0
X3 54 d 3 (‘3 "3

| Xg | dy | dy dy | 4

Néu tin hiéu gdc cao hon ning lugng murc hai thi s& ¢ nhiéu giai doan hon trong
bién d6i hinh chop, nhung cudi ciing ludn c6 hai hé s6 1 hé sb chi tiét va hé sd phing cho
muc cudi. "d" duoc goi 1a h¢ s6 wavelet; s duoc goi 1a h¢ s6 wavelet me. Moi giai doan
xir 1y 12 mot hoat dong tryc giao tuyén tinh, tong tat ca cac bién doi cling 14 mot hoat
dong truc giao. bé chuyén thu tuc va thay ddi hé sb nguoc 1én vecto dir licu géc rat don
gian, chi viéc su dung ddi chd bién ddi ma tran tai moi mirc cua hinh chop.
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Daubechies-4 Wavelets on 1024
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Wavelet ¢6 hé s6 514 1 thang do nhé nhét va né nam gin véi thoi diém

khoi ddu, trén so dd 1a wavelet vdi cac hé sb 514, 258, 130 va 66.

Daubechies-4 Wavelets on 1024
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Yéu ciu véi wavelet cao hon nhu DAUBS ¢6 so d6 nhu hinh sau

Daubechies-8 Wavelets; 1-4
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V61 ho wavelet nay dugc ky hi¢u 1a dBN trong dé db 1a ho wavelet Daubechies, N
1a mirc phan tich yéu cau.

Sau day 1a mot s6 chirc nang wavelet ciia mot s6 thanh vién trong ho.
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CHUONG III
LQC SO NHIEU NHIP

3.1. MO DAU:

K¥ thuat loc s6 nhiéu nhip ngay cang dugc ing dung nhiéu trong linh vyc xtr 1y s6
tin hiéu, nhu 1a n6 co thé dung dé tang tbc do tinh toan trong cac bo loc ) bﬁng cach
giam s6 luong cac phép nhan phai thuc hién trong 1 gidy.

Chung ta biét rang trong qua trinh xir 1y s6 tin hiéu, bé rong cta dai tin s c6 thé
thay d6i, nhu 1a cac phép loc sé triét tiéu cac thanh phan tan s6 khong mong mudn, thi bé
rong cta dai tan cua tin hiéu xur Iy s& duoc giam di va chung ta giam tan so 1dy mau cho
phu hop voi bé rong phd cua tin hiéu va nhu vay s& giam dugc sd lugng cac phép tinh
trong b loc sd.

Do nhiing tinh chit uu viét cta no, ky thuat loc s6 nhiéu nhip dugc nghién cuu
trong nhitng nam gan day va thu duoc nhitng két qua kha quan vé 1y thuyét ciing nhu ing
dung k¥ thuét nhu trong vién thong, xtr 1y tiéng noi, xtr Iy hinh anh, hé théng antenna, ky
thuét audio s6, dic biét 1a hai ung dung chinh van 1a ma hoa béng con(subband coding)
dung trong xtr 1y tiéng néi va phan dudng dung trong vién thong.

Thanh tyu cua ky thuat loc s6 nhiéu nhip trong nhitng ndm vira qua thé hién & viéc
nghién ctru cac hé théng sé nhiu nhip, nhu 13 tdng hop cac bod loc phan chia va cac b
loc ndi suy, cac bank loc phan tich va téng hop, biéu dién nhiéu pha va cAu trac nhiéu
pha.

3.2. THAY POI NHIP LAY MAU
3.2.1. CAC PINH NGHiA

bé lam quen véi khai ni€ém nhi€u nhip va dé theo doi cac qua trinh ti€p theo ching
ta can phai dinh nghia mot s6 khai niém mdi.

a) Pinh nghia hé théng nhiéu nhip

Néu trong mot hé thdng xtr 1y sd tin hiéu, tin sé (hodc nhip) 1dy mau dugc thay doi
trong qua trinh xtr 1y, thi hé thong s6 nay dugc goi 1a hé thdng xtr Iy nhiéu nhip

b) Pinh nghia phép phan chia

Viéc giam tan sd 1dy mau tir gia tri Fs vé mot gid tri F's (F's < Fs) duoc dinh nghia
1a phéan chia.

Néu F's = Fs/M (M >1 va nguyén duong) thi ta goi 13 phép phan chia theo hé sé M
va M goi 13 hé s phén chia.

¢) Pinh nghia by phan chia
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Hé thong chi lam nhiém vu giam tan s6 1ay mau duoc goi 1a b phan chia

B phan chia dugc ky hiéu nhu hinh 3.2.1.1

— M [

x(n) yiw ()

M: 14 hé sb phan chia
Hinh 3.2.1.1

Pé thuén tién ching ta c6 thé dung ky hiéu toan tir dé biéu dién phép phan chia nhu
sau:

IM[x(@)] =y () = yd u(0)
(3.2.1.1)
Hay:

M
X(n) — y¥(m) =yl v (n)
(3.2.1.2)
d) Pinh nghia phép ngi suy

Viéc tang tan s6 ldy miu tir gia tri F, dén mot gia tri F°; (F, < F’, ) duoc dinh nghia
1a phép noi suy.

Néu F’;=LF, (L> 1 va nguyén duong) thi ta goi 1a phép ndi suy cho hé s6 L. va L
1a phép ndi suy.

e) Pinh nghia bg noi suy
Heé thong chi 1am nhiém vy tang tin s6 ldy mau ta goi 1a bd ndi suy

B6 noi suy duoc ky hi¢u nhu trén hinh 3.2.1.2

— M [

X(n)
Y T 1(n)
L: hé s6 noi suy
Hinh 3.2.1.2

Pé thuan tién ta co thé dung ky hiéu toan tir dé biéu dién phép ndi suy nhu sau:
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TL[x(m)] =y? ,(n)
(3.2.1.3)
x(n)—L>y1 , (n)
(3.2.1.4)

3.2.2. PHEP PHAN CHIA THEO HE SO M
a) Biéu dién phép phén chia trong mién bién sé n

g1 str ta c6 bd phan chia theo

—P lM-——b

x(n) ¥l v (n) = x(nM)
F, — F,

Q, - Q,

F, - F,

Hinh 3.2.2.1

Ta thay ring tan so6 lay mau F, Cta tin hiéu rdi rac xau sau khi di qua bo phan chia
nay s€ bi giam di M lan, ttc la:

F=5i.0=0sF Q=2sF=277 =%
M® ‘ M M
(3.2.2.1)
Ho#c lachuky liy miu T, = FL s& tang 1én M lan:
T=MT,

(3.2.2.2)

Pé hiéu rd ban chat ctia qua trinh phan chia nay ta s& biéu dién diy vao va diy ra
ctia bd phan chia ndy ¢ dang khéng chuin hoa nhu trén hinh 9.2.2.2 (chuan hoa ¢ day
duoc hiéu 1 chuan hoa bai chu ky 1ay mau).

—

x(nT,) x(nT,)=x(@MT,) =yl,(n)

nM: sd nguyén
Hinh 3.2.2.2

Nhu vay tin hi¢u roi rac trude khi vao bd phan chia 1a x (n T ) va Sau khi ra khéi
bo phan chia la x(n Ty).
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Vi du 3.2.2.1: Cho tin hi€u roi rac sau day

n

0 n+

Hay vé& xau bang d6 thi dudi dang khong chuan hoa (theo chu ky 14y mau ) va chuan
hoa trude khi vao va sau khi ra khéi bo phan chia theo hé sOM=2.

Gidi

Lo1 giai duge cho trén hinh 3.2.2.3

chua chuan hoéa chuin hoa
4 4
x(nT,)
1 1
o2 ‘“It H)l
, | _ . HEER
-T,0T, 8T, n_ -1 23 8
n
JOT)= x@aMT,) L)
R, {2
1 1
1 , I
-T°, 0T 4T, nT’, -1012345

(a) ra khong chuan hoa

(b) tin hiéu vao khong chuén

(c) tin hiéu vao chuin ho4 theo chu ky ldy mu 7,

(d) tin hiéu tin hiéu ra chuén hoa theo chu ky ldy mau 7, = M T,
Hinh 3.2.2.3
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Chuay:

- Ta thay rang tin hiéu ra y¥ ,(n) chi lay cac gia tri ctia tin hiéu vao x(n) & cac mau
nM, boi vi tan s6 1dy mau bi giam di M 1an sau khi tin hiéu di qua bd phan chia theo hé s6
M.

- Chiéu dai cta x(n) bi co lai M 1an, ttc 1a L[x(n))/L[y{ » (n)] =M
b) Biéu dién phép phén chia trong mién .

Chung ta c6 thé biéu dién qua trinh phan chia bang bo phan chia trong mién z nhu
so do trén hinh 3.2.2.4

| M —

x(2) Yiu(2)

Hinh 3.2.2.4

Ta biét rang trong mién bién sé doc lap ta co:
yi v (0) = x(nM) (3.2.2.3)

vay . .

Y@= Y yl,@z" =i

n=—aw
x(nM) z™"
Poi bién so ta co:
N m
m=nMvain=— :
M

L

Y @)= > x(m)z‘% véi m

M=-w»
n.M ,n: s6 nguyén
Ta da biét rang day p(m) duoc dinh nghia nhu sau:
1 M 1 Mz 2, 1
p(m) =— Wim=_— eM = { 3.2.2.4
Mz " MG 0 ( :

Tir day ta co6 :
M-

L

o]

Y@ =3 xmpm. 2% = 3 L

m=-w m=—c0 =
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Y.
Yiu(@= —IAZ X[zﬁe j“l)
1=0

(3.2.2.5)

hodc o thé viét dudi dang sau day:

M-l 1 2,
MY\, (z)= X[z“e MJ
=0

1

(3.2.2.6)

Vidu 3.2.2.2

Mot tin hiéu x(n) co bién dbi z 12 X(z) di qua bd phén chia véi hé s6 M =2, & dau ra
ctia bd phén chia ndy ta thu dugc YV »(z). Hiy tim quan hé gitta X(z) va Y »(z) néu xau
cO dang sau day:

X(n) = {1,2,3,1}
R

Giai
Trudc hét ta tim X(z) :

24227+ 323 +2z27%+z2°°
Ap dung hé thirc (3.2.2.6) véi M =2taco:

YL@ =3 X)) + 1

1
X(z 2)
1 1
Tinh X(z?) va X(z ?):
4 i e &)
X(z?)=z2+22z"'+ 322 +22z272 + 22

1 1 3 5
X(z 2)=-2z2+2z"-322+2z%22?

Viy taco:
Y| ,(2)=2z"+22"

c. Bi¢u dién phép phén chia trong mién tan so.
Biéu dién phép phan chia trong mién tan s chinh la viéc tim quan hé gitra:
Y (&) = FT[ysm(n)]
Va:
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X(") = FT[x(m)] ()

Néu ta danh gia tri Y4 ,(2) 12 X(2) trén vong tron don vi cia miat phang z thi ta s&
tim dugc quan hé gitra YV 1(&) va X(e'®), tuc la:

Y, (™)=Y, (2)

z=e’”

X(e™)=X()|,.~

Véy ta thu dugc quan hé sau :
w-2xd

M-l N 2 M-l
Y], (e™)= ﬁ x[e’Me-f‘"J = -;7 x[e’ Mj (3.2.2.7)

M- je=—
Hay : MY, (™)=Y X|le M

Vidu3.2.2.3

Cho tin hiéu rdi rac x(n) dugc ldy mau tir mot tin hiéu tuong tu x,(t) tan sb 1y miu
bing tan sé Nyquist F, Ny X(1) €O pho 1a X(¢") cho trén hinh (3.2.2.5)

A

X(e”™)

-2 -7

Hinh 3.2.2.5

Tin hiéu nay dugc truyén qua mot b phan chia c6 hé s6 M =2 va & dau ra ta thu
duge Y 4 (n). Hiy v& phd cua YV 5(n), tirc 14 v& Y 1, (€®) theo phd cua X(&®)

Gidi

Thay M= 2 vao biéu thirc (3.2.2.7) ta co:
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Nhu vay phd Y 12(¢") s& 1a su xép chdng phd cia hai thanh phan trén két qua dugc
minh hoa nhu trén hinh 3.2.2.6

X(e™*)

-2 -7 0 T 27

|
|
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- -..._“- 1 -‘—’_,-"“".."" -
-‘.“‘-‘“h‘ 2 """" _’_-"
JLO
@
[}
Hinh 3.2.2.6
Nhan xét:

+ Thanh phan voi L=0 X[ejMJ chinh 13 ban anh version gidn rong M lan cia X(¢')
. w=2m
+ M- 1 thanh phan v61 1 <1< M - 1 X[

ej M
anh rong X [ejMJ .

+ Yu(e") ciing c6 chu ki 1a 27 theo o, 14 két qua t6 hop cua M thanh phan, boi vi
thuc chét n6 1a t6 hop bién d6i Fourier cua cac diy hop lai.

] 1a ban anh tré ddng dang cua ban

+Tir vi du véi M = 2 & trén ta thdy ring thanh phin véi L = 0 X(&] 1 ban anh

gidn rong 2 1an cua X(e'®) tirc 1a bé rong phd 16n hon 2 1an nhung ban than X[ejzj

khong gay chong pho. Nhung vi con thanh phan L= 1 X(— ejz] 1a ban anh tré dong dang
voi X[ejzj. Chinh thanh phan 1=1 s& xap sép chong véi thanh phan 1=0 gay hién tugng

chong phd va nhu vay hién tugng nay s& lam mat thong tin chtra trong xau khi di qua bo
phén chia.

- Vi Iy do 1am hu thong tin nén thanh phan véi 1 <7< M - 1 dugc goi 1a thanh phan
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hu danh (aliaing).
- Nhung thanh phan hu danh (véi 1 < /<M - 1) nay ciing c6 thé khong gay hién
tuong chong phd néu tin hiéu vao bd phan chia xau c6 dai tan hiru han 1a —% <w< %

Ttc 13 xau duge 1dy mau véi tan s6 1ay mau F, gap M lan tan sé Nyquist (F = MF Ny) tUr
mot tin hiéu tuong ty x, (t) o bé rong phd hiru han F, (Fny= 2 F, ) tie 12 Fg = 2MF, (Xem
vidu3.2.2.4)

- Vay mot logic don gian 1a néu ting tan s 1dy mau 1én M lan, tic 13 ta cho x,(t)
qua bo léy mau véi F, = MFyy sau do ta lai cho qua b phén chia hé s6 M thc 1a giam di
M lan thi ta thu duoc két qua nhu cho x,(t) qua bd 1dy miu véi F = Fyy nhu hinh 3.2.2.7

B6 ldy miu
x(n Fy=MF,

B6 lay
mau

— -—

IM )—’

—
X, (1)

x(n)

Hinh 3.2.2.7

- Phép phén chia lam x(n) co hep trong mién thoi gian (néu n la thoi gian) thi s& dan
dén hién tuong gidn rong trong mién tan sb.
Vidu3.2.2.4

Mot tin higu twong tu x,(t) di qua b 1y mau véi tan s6 F, = 2 Fy, = 4 F, (F,: bé
rong cua phd x, () ta c6 xau, X, (t) c6 phd 14 x, (@, ), x(n) c6 phd 1a X(¢'*), x(n) di qua bd
phan chia v6i hé s6 M = 2 va & dau rat a thu duge y, (n) ¢6 phd 1a Yy,(e*). Hiy tim quan
hé gitra x, (@, ), X(€'®) va Y ,(¢") bang db thi.

Gidi
Ta cod :

X(e”)=— 3 x,(0,-nQ); Q=27 F,= =

Ty A \ I

@ -2
Y, (e”)= %x{ﬂ) +-;-X(ej : ]

Két qua cho trén hinh 3.2.2.8
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/
)

v

N ~ A
-7t \v) 7t L/t 71
1)
A
-2r
1 i
x|
2
L
-7 0 T 2 3z
@

o
- e 0 T 2r 3
4
Hinh 3.2.2.8
Nhan xét

W

Tir vi du 3.2.2.4 ta thay rang phan hu danh X(— ejzl (aliasin) tuy c6 xuat hién

nhung khong gy hién tuong chong phd. Vi vay né khong 1am hu tin hiéu cua chung ta.
3.2.3. PHEP NOI SUY VOI HE SO NGUYEN L
a) Biéu dién phép ngi suy trong mién bién sé n

Gia su ta c6 bd ndi suy theo hinh 9.2.3.1 sau day:
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A 4

TL

x(n) y,, (n) = x(;’})
F, , Fs
QS —_—p Q'S
T, — T
Hinh 3.2.3.1

Ta thay rang tan s6 lay mau F, Cua tin hiéu ro1 rac x(n) sau khi qua bd noi suy véi
hé s0 L s€ tang 1én L lan, tic la:

Fs=LF, Q = 2z F, , Qs = 2zFs = 2zLQ;

s

(3.2.3.1)
Hoac chu ky liy mau T = -1—1— s& giam di L 14n :
S
T's = 5— )
L =
(3.2.3.2)

Pé hiéu 1d phép ndi suy vé mit ban chat, ta s& biéu dién tin hiéu vao va ra cta bd
ndi suy ndy ¢ dang khong chuan héa nhu trén hinh 3.2.3.2 (chuan hoa duoc hiéu 13 chuan
hoa theo chu ky l1ay mau 1.

x(n T) x(n T's)=x(n%)=y“(n)

: s0 nguyén

Hinh 3.2..3.2

i
L

f 1A N 1A \ T 2 T
Tin hi€u vao bo ndi suy 1a x(n T;), va tin hi€u ra tr¢ thanh x(n T's) = x(n TS)

Vidu 3.2.3.1
Cho day x(n):

n
0 n#

Tin hiéu x(n) nay di qua bo ndi suy voi hé sé ndi suy L= 2. Hiy vé& dang ciia x(n) va
y +, (n) & dang khong chuén hoa ( theo chu ky 14y mau ) va chuan hoa.

Gidi: Loi giai dugce cho trén hinh 3.2.3.3
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4 x(nT)) 4 x(n)

vaioT2 1 l
’ _ 1,
a) g nT, b) 0
A
n
X T,) = x(T, 7) # ()
Rat2 1 ’ |I R
c) 0 8T T d{ 0
n | L
Hinh 3.2.3.3

a) tin hiéu vao khong chuan hoa
b) tin hiéu vao chuan héa theo chu ky ldy mau T,
¢) tin hiéu ra khong chuan hoa

;1A 21, . 1A X o T
d) tin hiéu ra chuan hoa theo chu ky lay mau T’s = TS
Chuay:
- Ta thay rang tin hiéu ra y1.(n) chinh 13 tin hiéu vao x(n) ma giita L 1dy mau bat ki
ctia n6 duoc chén thém (L - 1) miu c6 bién d6 1a 0, 1a do tan s6 ldy mau duoc ting 1én L
1an khi tin hiéu di qua bo ndi suy c6 hé s6 L.

- Chiéu dai ctia x(n) bi gidn ra L 1an tirc 1a:
Llyr(n)] / L[x(n)] =L
b) Biéu dién phép ngi suy trong mién z

Bay gid chiing ta biéu dién qua trinh noi suy trong mién z nhu trén hinh 3.2.3.4

L

x(n) Y, (2)

Hinh 3.2.3.4

Trong mién bién s6 ddc l1ap n ta co:
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n
YTL(z)z{x(L) n=0LLA2L,...

0 n#
(3.2.3.3)
Vay :
YTL (Z) = z yTL (n)Z_n = Z
Ry -n
G
ddibiénm =2 van=mL
Ta co
Y, @)= xmz" = > x(m)z")™"
Y,, (2) =X(z")
(3.2.3.4)
Hoic Y,, (2) =X(z")
(3.2.3.5)
Vidu 3.2.3.2

Cho tin hi€u x(n) nhu sau:

x(n) = {,2,3,2,1}

L

1
x(n) di qua bo ndi suy hé s6 L =2, § ddurata cd y +, (n) hdy tim X(z) = ZT [x(n)]
vatim Yy, (z) =ZT [yt (n)]
Gidi:
Trude hét ta tim X(z)

X(z)=2z"+2z?2+3z2>
+2z7*4 +2°
V6iL=2taco:

Y, ,(z=X(z*)=2z7+

L]

227 +3z27° +2z7° + 271
¢) Biéu dién phép néi suy trong mién tin sé

Panh gia Y + (z) va X(z) trén vong tron don vi trong mét phang z ta thu dugc quan
hé gitra Y 1 (€°) va X(¢'®)
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YTL (ejw) = YTL (Z)
X(e’?)= X(z)

z=e’®

z=e’”

Y,, (€)= X(e’")
(3.2.3.6)

Y, (e'h) = X(e*)

(3.2.3.7) ch

Vidu 3.2.3.3

Cho tin hiéu roi rac x(n) duoc ldy mau tir tin hiéu twong twong tu x , (t) voi tan sb
ldy miu bang tan s6 Nyquist, x(n) c¢6 phd nhu sau (hinh 3.2.3.5)

A

X(e”

Hinh 3.2.3.5

Tin hiéu nay di qua b nodi suy hé s6 L = 2 & dau ra thu duge y 1, (n). Hay v& phd
ciiay 1 (n), tie 1a vE Y 1, ().

Giai
T biéu thirc Y 1 (€°) = X"
TacovéiL=2 Y 1, (6°) = X(e*?)

Két qua duoc minh hoa trén hinh 3.2.2.6
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X(e’”)

Y,,(e’”?)=X(e’*)

A A
AR [
’ A ’, A
’ Y ’ .
’ A} 4 AY
. N ’ \
s, A} 4 A}
, A Y ’ \
s, A} ! A}

1

z
2

V4 2r

Hinh 3.2.3.6
Nhan x¢&t

- Y 11 (¢") 14 ban anh (version) co hep L 1an cia X(¢'®), nhung lai xuat hién (L - 1)
ban sao chup phd co ban, (L - 1) ban sao chup phu nay 1a cac anh dugc tao ra boi bo noi
suy h¢ s6 L. Hién tuong xuét hién cac ban sao chup phu nay goi 1a hiéu ung tao anh
(imaging)

- T vi du véi L =2 & trén ta thdy rang hiéu ung tao anh nay khong gay hién twong
chdong phd va nhu vay né khong lam mat thong tin.

- Phép ndi suy lam tin hiéu xau gidn rong trong mién thoi gian (néu n 1a thoi gian)
thi s& din dén hién tugng co hep trong mién tan s6, day 1a tinh chét ciia bién dbi Fourier.

- Phép noi suy tAm chén. thém (L - 1) méu c6 bién d6 0 vao gi ~ a hai mau cia xau
thi trong mién tan sb s& tao ra (L -1 ) ban sao chup phu phd co ban, tirc 1a L-1 ban sao
chup nay s& chén vao giita hai pho co ban.

- TUr noi suy & dy c6 nghia 1 néu tin hiéu xau véi tan sb 1dy mau F, sau khi qua bd
ndi suy s& co tan s ldy miu F'y = LFg va v6i cac mau c6 bién do 0. Sau d6 ta cho qua bd
lo ¢6 tan s6 cat 1a % thi & dau ra cta bo loc ta s& thu dugc tin hiéu véi tan sé 1dy mau LF,
nhung cic mau bién d6 0 da dugc ndi suy tir cdc mau bién do khac 0 ciia xau, tirc 1a ta co
tin hiéu xau c6 tan sd léy mau LF, véi cac mau bién do khac 0, qua trinh noi suy nay
duoc thuc hién béng mach loc nd1 suy ma ta s€ nghién ctru k¥ & phén sau.
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3.2.4. THAY DPOI NHIP LAY MAU VOI HE SO %

a) Biéu dién trong mién tin sé n

Trong k¥ thuat nhiéu khi dé thuc hién mot nhiém vy nao d6 chung ta can phai thay
d6i nhip ldy mau v6i hé s6 1a phan s6 % Pé thyc hién nhiém vu nay ching ta s& ghép
ndi tiép gitra hai b ndi suy va phan chia véi nhau hodc theo thir tu nguoc lai, bd nay ta

Coaa e 2. . L1 A K M N
goi la bo bién doi nhip véi hé s6 7 Xem hinh 3.2.4.1.
Ta thay rang tan sb lay mau F, caa tin hiéu vao xau sau khi qua khoi bd bién dbi nhi
rc 1A A M YA A 1A X ~ 1 A M A ’ \
v6i hé so A thi tan s6 lay mau s€ bi thay doi A lan tac la:

L

F’s= —F; 3.24.1
= (324.1)

Holic Chu ky 1y mAu s3 thay déi % lin:

T, = M F
i .
(3.2.4.2)
. | .
xm ML [Tynem MM Ty L
[ L
. . L
F, Fs =LF, Fs= = F,
M
x(n Ty) x(n T's)=x(n%) x(n T"S)=x(n¥ T,)
— ] IM > 1 7
x(n)
y¢M (n) y”ﬂ (n)
L
F, Flszi F's = LFY
M M

x(nT,)  x(nTs)=x(MT,)  x(nT ,)= x(n% T,)

Hinh 3.2.4.1

Chung ta c6 thé dung ky hiéu toan tir dé biéu dién phép bién ddi nhip 14y miu hé sb
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M
— nhu sau
L

M

N ﬁL{ (] =y, (n) hay X(n) —L > Y () (3.2.4.3)
) % [x(0] =y (n) hay N ON | (3.2.4.4)

Pé thuan tién ta ky hiéu lai b bién do6i nhip hé sb % nhu hinh 3.2.4.2. Néu miii

tén 1én T dit trude mii tén xuéng d thi tire 12 bo ndi suy dat trude b phan chia. Con néu

mii tén Xuéng 4 dit trude mii tén 1én T thi tac 13 bd phan chia dat trudc bd ndi suy.

A A M o A 1> A A 5 A A . X A 1> A A 5 A A
Trong hé so A thi tir sO 1a hé so cia bd phan chia, mau so6 1a hé so cia bd ndi suy.

S¢ di ta phai phan biét trudce sau gitta bd phan chia va bd ndi suy bdi vi phép phan
chia va ndi suy khong c6 tinh chét giao hoan. Bo phén chia, bo ndi suy va bo bién doi
nhip 1a nhitng hé théng khong phai 1a bat bién theo bién sé n, tic 13, ching 1a cac hé
thong thay doi theo n (néu n 1 thoi gian, thi 1a thay d6i theo thoi gian).

Nhu vay néi chung thi y, ,, ()# v _,, (n) mac di ti I¢ thay d6i nhip ldy mau déu 1a
L

M Ao , \ I A n \ . ~
7 Tuy nhién cling ¢6 truong hop v, (n)= Yo (n) néu quan hé gitta M va L thoa man

N=
L

mot sO di€u kién (ta sé xét sau).

a) (n)= (n)
e M > IR
F. Fs=LF
o F
T, r=2r,
. s=7 T,
b) ~ M yun) =
[ . >
Y (1) L
L
x(n)
F. Fe=LF
' M
. M
Ts T s = T Ts
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a) b6 bién ddi nhip N %

b) bo bién déi nhip 41 %

hinh 3.2.4.2

néu M > L thi bo thay d6i nhip 1am nhiém vu nén tin hiéu theo ty 1¢

néu M <L thi bd thay doi nhip [am nhiém vu gian tin hiéu theo ty 1&
Vidu 3.4.2.1

SIES ~[=

Cho x(n) nhu sau
n
x(n)=l-5 0sn<5
0 n#
. A A aRe 1 1A X copa A M
x(n) di qua bo bién doi nhip lay mau véi he so6 7

= % . Hay v€ tin hi¢u ra y(n) véi:
2) bo bién dbi nhip T %

b) b6 bién dbi nhip 41 %

Giai

Ta giai bang db thi, xau duoc chuan hoa bai T’ =

3T

4 x(n)
i .
01234567 n

124



y 13 (n)

v

3 6 9 12 n
yng (n)
3
| | >
0 3
6 7 n
x(n) -

“I '
I
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0 12345

n
F
Y (n)
I .
&
| ! 0 — 2 3
n
y 12 (n)
3
0 3 6 7 n

Hinh 3.2.4.3

Nhan xé&t:

- Trong trudng hop cua vi du 3.2.4.1 ta thay rang néu M = 2, L= 3 thi Vom (n).....
L

(khong nhin thiy vi phé t6 mo)
noL =n; M+ 1 ng va ny 1a cac s6 nguyén
hoac:
mM =noL+1
Thi
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Yo (1) = 3y ()
L L

Ta c6 thé ky hiéu su trong duong nay nhu sau:

Iy () = 7,y )

(3.24.5)
Néu L va M thoa man diéu kién:
noL —nM=1
Hoac:
nM-nL=1
(3.2.4.6)

& day no va n; 1a cac sb6 nguyén.
(3.2.4.6) chinh 1a ndi dung cua dinh 1y Euclid.
b) Biéu dién trong mién z
Trong phan nay ta s& dung bién d6i z dé nghién ciru quan hé vao ra cua cac bo bién
ddi nhip, va ciing tir ddy chung ta s& giai thich duoc nhiéu tinh chit cua phép bién d6i
nhip lay mau.

Trudc tién ta xét quan h¢ vao ra cua bg bién doi nhip Y (n), ta c6 phép bién doi
L

nhip nhu sau:

x(m)—2%s y ()

ek
L
viy trong mién z ta ciing c6 :
M,
ZT[x(m)] = X(z) 24, y o @ =ZT [y, ()] (3.2.4.7)
L

V&1 phép phén chia ta ¢6 :
X(z)—¥ -y, (2)=ZT[y,, 0]
JE] L2
Y@ = 322 X(z¥e M)
1=0
sau doy,, (n) diquabdndisuy TL tacod:

Y@~y L @ =ZT [y, ()
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Yy D= Y ()
M-1 Lo
X(z" e

=0

I
S
L :|~

O“ §|_
T

L
"W, ")

>

Bay gio ta xét quan hé vao ra ciia bd bién dbi nhip Yom (n) ta co phép bién do6i

nhip nhu sau:

x(n)—%» y ,, (n)

N
Trong mién z ta ¢o :

X(z) —“%

Y (2)
(3.2.4.8)
Véiphépndisuy TL taco: -
X(2)—">Y 1, (2)
Y, (2) = X(z")
Sau d6 y ,, (n) di qua bd phén chia ¥ Mta ¢6 :
Y1, (@) =y, 0 @ = 2Ty, ()
L
ML
= ___ M M
yﬂ% (2) M Y, (z¥e M)
! 2 Lo,
Y, (zMe M)=X|:z’“e M }
Viy :
e Lo
= - M M
M (2) v; ; X(zMe )
1 Mz L
=3 XMWY ,) (3.2.4.9)
M 1=0 i 7

- Dya vao biéu thic y ,,(z) va Y+,(z) ta thdy rang vy, (z) # v ,,(2), tc 1a noi
1M & Y Tang v, u M

L L
chung VAgY (n) # VY (z) , nhu muyc trén chung ta c6 nhan xét.

u M

- Nhung cling c6 nhiing kha nang NNy (z) =y Ny (2) néu:
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M-

1L M-1
X(zM W X(z"’ W)

=0 =0

Diéu nay c6 thé xay ra néu va chi néu Wy,' = W/, hoic tap hop M s6 hang W */
trung véi tap hop M s hang Wy,' voi 0 <1< M - 1.

-Trong truong hop 1 = M ta co:

MM
X@ MYy 1@

Viy :
Y* QM/NI(Z) 1 M2 .
= — > X(zZW
R (zWy)
(3.2.4.10)
Va:
X@ = Yyapym @
Viy :
Y (2) .
v AM/M 1 &
= — Y X(zWH)
M5 "
bai vi :
W= Wil =¢ei?27l=]
Do d¢ :
Y (2 .
v 4 NWV/M M=
=27 2 X D =X(@)
(3.2.4.11)
Vidu 3.2.4.2

Mbt tin hiéu x(n) c6 bién ddi z nhu sau :
X(z)=1+22"+322+ 42>+ 527*+ 627 + 712°
x(n) di qua bd bién nhip ¥ 4#2/3 va #¥2/3 hay tim Y¥ 42/3(z) va Y*¥2/3(z) va
so sanh két qua.
Giai
Tir biéu tirc ctia X(z) ta tinh Y¥ #2/3(z) nhu sau :
Y ,(z) = 1+ 3271 +5224+723
YT w3(2) = 1+32°+52°%+727°
Bﬁy glb’ ta tinh YT\L 2/3(2) = Y\LT 2/3(2)
Y 13(2) = 1 +22°+32%+42°+527 12 +625+77'8
YN oi(z) = 14+323+5278+777°
So sanh két qua ta thdy ring Y TN ,5(2)=Y 1 »4(2)

¢) Biéu dién phép bién doi nhip trong mién tin so
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Panh gia X(z), Y1 mw(2) va Y| Tww(2) trén vong tron don vi trong mit phang z ta

co:
X(@?) =X(z) ‘
. z=¢e?%
YT M€ ?) T YT wn(z)
z=6® -
] M e‘ oL -2
= —Yx
M & M
(3.2.4.12)
Y own(@?) T Y N mn(z)
z=d®
1 M2 . oL-2n
= — Y X e M
M 1=0
(3.2.4.13)
Vidu 3.2.4.3
Cho tin hiéu xau c6 phd 1a nhu trén hinh 3.2.4.4 sau day:
A X(ej (4] )
Hinh 3.2.4.4

Giai

Giai bang d6 thi trén hinh 3.2.4.4 sau day:

Tir hinh 3.2.4.4 ta thiy rang Y | 125(€°) = Y1 |23(¢")
3.3. BO LOC BIEN POI LAY MAU
3.3.1. BO LOC PHAN CHIA

a) Tong quan

O phan trén ta da nghién ctru phép phan chia va b phan chia, két qua cho thay tin
hiéu x(n) khi di qua bd phan chia |M, trong mién tan sb s& tao ra M-1 thanh phan hu
danh (aliaing), cac thanh phan hu danh nay s& gay hién twong chong phd, Nhung néu x(n)

130



c¢6 band tin nam trong khoang %/69»;[7 tire 13 tan sd gidi han dai chin ( Stopband edge)

@ =% s& gay hién tuong chong phd

[} lu\;llls UllUlls }JllU- 4‘

YQ(CM))

z
|

2x -n' 0 T 2 1)
k [
yn%(e’ )

VWAMVVVY =

-t 0 = (0]
A )’¢3(€ﬂ")
27 -7 0 T 2 co-;
 SVACHS

JAVAVAVANVAVAVAN

v

-2 /3 0 b4 2

Hinh 3.2.4.5
Pé 1am diéu nay ching ta c6 thé dit trude bd phan chia |M mot bo loc thong thap

, T
COo w, =H

B¢ loc thong thap nay 1am nhiém vu loai b6 cac thanh phan tan so |@| < % nhu vy

ta s& tranh duoc hién tuong chong pho.
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So dd tong quat cta bd loc phan chia cho trén hinh 3.3.1.1

ﬂ
. M
F, F.
—— | H(n) - I M ——
X(n) Yy (n) Y vim (n)

h(n): dap rng xung cua bo loc
Hinh 3.3.1.1

D¢ ngan gon ching ta co6 thé dung cach bi€u dién toan tir nhu sau:

X(n) ¥ 5y . (n) (3.3.1.1)
X(n)—sy,(n)—¥ 5y, (n) (3.3.1.2)

b) Biéu dién phép loc phén chia trong mién bién sé n

Céc phép toan trong phép loc phan chia xay ra nhu sau trong mién bién s6 n:

x(n) —22 y, (n)—%— y .. (n) (3.3.1.3)
& day : y o (0) = x()*h(n) = 3 x(k)h(n - k)

= h(n)*x(n) = 3 h(k)x(n - k)

Y yawe ) = ¥ Mx(m)*h(m)] = I Mly , (n) ]
Can luu ¥ mot diéu 1a phép chia khong co tinh chat phan phdi vao phép chép, tirc 1a:
IMx(m)* h(m)] 2 L M[x(n)]* { M[h(n)]
Bai vi:

Y gy ) = A M[x(m)*h(m)] = IM ix(k)h(n - k)

=—0

= 3 x(k)h(Mn - k) (3.3.1.4)

k=-

4 M[x(n)]* ¢ M[h(n)] = x(Mn)*h(Mn)
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i x(Mk)h(Mn — Mk)

k=-o

Vidu 3.3.3.1
cho x(n) = rect,(n)
h(n) = {1, 0,75, 0,5, 0,25}

0
Hiy timy ,,,(n)
Giai
X(n) = {1,1,1}
I_’ .
0
H(n)={1,0,75,0,5, 0,25}
>
0

X(n)*h(n) =h(n) = {1, 1,75,2,25,1,5,0,75, 0,25} =y, (n)

+

0
V2W,m]=y,.,={1,2/55,0,75}
>

0
Bay gi0 ta thir tinh 4 2[x(n)]*{ 2[n(n)] = x |, ()*h , (n)
xi,z(n) = {1 91}

0
h,(n)={1,0,5}

>

0

XJ,z(n)*hiz(n) = {1 s 195 ’ 0,5}

ae

0

Nhu vay ro rang la

YM[x,,(n)*h,(n)] # ¥ M[x(n)]*{ M[n(n)]

¢) Biéu dién phép loc phén chia trong mién z

Trong mién z phép loc phan chia duoc mé ta nhu sau:
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X(z) 25 Y, () —#5Y,,, (2) = IM[Y,(2)] (3.3.1.5)
0 day:
X(z)=ZT[x(n)], Y (z) = ZT[Y ,(n)]
H(z) =ZT[h(n)] , Y, (@) =ZT[Y ,(n)]
Y, (2) = X(2).H(z) = H(z) X(2)

Hw(z)——zl Y (zMW’ ) A MY, (2)]

M-l !

> X (zMW ).H(EZMW!) (3.3.1.6)

o
M ¢

Ciing nhu trong mién bién sé n ta luu ¥ mot diéu 1a phép phan chia khong c6 tinh
chét phan phéi vao phép nhan trong mién z tirc 1a:

{M[X(2).H2)] = { MX(z) { M[H(z)]
Vidu 3.3.1.2
Cho x(n) = rect,(n)
H(n)={1,0,75,0,5, 0,25}

I

0

Hay tim y,, (2)

Giai
X(@Z)=1+z"+27
H(z)=1+0,75z"" + 0,52 + 0,25z
X(z).H(z) =1+ 0,75z"" + 0,527 +
0,25z +

+z'+0,7527 +0,5z7 + 0,25z +
+z72+0,75272% + 0,52 + 0,25z
Y, (2)=1+1,752"42,2522 + 1,527 + 0,752~ + 0,252
IMIY ,(2)]=y,,(2)= 1+2252" +0,752
Hodc ta c6 thé tinh theo cong thuc:

Y ya(2) = [X(z YH(z7)+ X(~22)H (- 22)]

Chu y: Xét phép loc phan chia sau day:

X(z) D ¥, ()X Y, (2)
Ta co

Y , (z) = X(z).H(z")
YINM (z) = L Z_X(ZHWA; ).H(z)
—H(z)— ZX(ZMW ) (3.3.1.7)
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Bay gio ta xét phép loc phan chia sau day:

X(z)—*¥>5Y,, 2)—225Y,  (2)

(3.3.1.8)
-1 1
Taco : Yw(z)=—1—§X(zMW,[,)
M 3
1 Mzl 1
HlM (Z) H(Z _M' ; MW
(3.3.1.9)

Ta thiy rang Yy wm(z) = Y mu(z) vay hai phép loc nay la tuong dwong nhau. Do do
so d6 thuc hién hai phép nay 14 dong nhat, xem hinh 3.3.1.2

\ 4

— H(x

IM B> M » Hx >

a) b)
Hinh 3.3.1.2
- Su d6ng nhit cua hai so d6 (a) va (b) trén hinh 3.3.1.2 13 rat ¢ gia tri trong cic
ung dung thyc té dé thuc hién cac bo loc va cac bank loc.
- Pé ngin gon ta ki hiéu phép loc trén hinh 3.3.1.2 (a) va (b) 1a [H(Z) | M| va
|IMH(z)|. Vay ta c6 thé viét:
H(z"){M = |MH(z)
(3.3.1.10)
d) Biéu dién phép loc phén chia trong mién tin sé
danh gia X(z), H(z) va Y yym (2) trén vong tron don vi trong mat phing z ta c6 s& co
cach biéu dién phép loc phéan chia trong mién tan s6 nhu sau:
X(e/®) e, YH(e"")——*ﬂ—»YHW(ef‘”) (3.3.1.11)
¢ day:
Y, () =X(e’”).H(e”)

a)27d

HJ,M(ejm)__‘MZ_:]Y (e i )

-1 -2 -2

X ¥ )HE M),

X

a
M

g

(33.1.12)

Néu YH(ej(”) 1a dap tmg tan sd cua bd loc thong thap 1y tudng co o, :% thi cac

thanh phan hu danh s& khong gay hu thong tin, tirc 1 khong cé hién twong chong phd. Do
d6 ta c6 thé tach thanh phan dau tién (I =0 ) ra ma dang cua no s& khong bi méo:
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1 ye =
—X(e'M).H(e'™™
77 (e M) H(E )

Yirim (fjw)

=0

|w.<_M|

va néu H(¢'®) 1a bo loc thong thap 1y twong tuc 1a 6 dai thong [H(e**)|=1 dai chin
IH(¢'®)|=0 thi ta c6 thanh phan déu tién (I = 0) nhu sau:

y -;7 X(e'™) 0<7]

YH¢M(ejw)

Chu y
Trong vi dy trén & bd phan chia |M = 2 da khong gay hién twong chong pho, bai vi

tan s6 o, cua bo loc thong thap bang %, né da cit bo di thanh phén tan s6 cao |o| >%.

Viy néu thong tin cua ching ta chi chira trong thanh phan phd |a)| s% thi bd loc s€ khong
lam mat mat thong tin. Con néu thong tin clia chung ta c6 chira ca trong cac thanh phan
phé ¢6 |o| >% thi viéc cat bo thanh phan tin sb cao da lam mat mat thong tin ciia chung
ta.
e) Tinh chit ciia phép loc phin chia
Néu
H(z) = Hi(z) + Hy(2)
Thi
Y (2)=Y(2)[ H, (2) + H; (2)]
=X(z). H, (z) + X(z). H>(2)

Y HiM (Z) =
IMLY , (2)]

M- L il i il
% [X(ZMWA; YH, MW, )+ XMW, )H,(z"W,))
(=0

= | M[X(z).H; (z)]+ | MX(z2).H; (2)] (3.3.1.13)
Vay phép phén chia c6 tinh phan phdi vao phép cong
3.3.2. BO LQC NOQI SUY
a) Tong quan

Chung ta da nghién ctiru phép ndi suy va bd noi suy, két qua phép nodi suy di chén thém
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L-1 mau bién d6 0 vao giita hai mau cua tin hiéu vao x(n) trong mién bién s6 n. Va twong
ung trong mién tan so sé tao ra L-1 anh phu cta phd co ban sau khi da co hep lai L lan dé
nhuong chd cho L-1 anh phy ma khong gay hién tuong chong pho. Nhu vay phép noi suy
1L khong 1am hu thong tin, nhung dé ndi suy ra cac mau c6 bién do 0 ta phai dit sau bo
A A A J T - A <A A A \ \ *A A
ndi suy mot bo loc c6 w, = T Trong mién bién s6 n bd loc nay lam nhiém vy nd1 suy ra
cac mau co6 bién d6 0 con trong mién tan so n6 lam nhiém vu loai boé cac anh phu cua pho
co ban.

So do tong quat cia bd loc ndi suy cho trong hinh 3.3.2.1.

— 1 — 1 H(n) >
—_—
X(n) y 2 (n) y YLH (n)

. r
B9 loc thong thap c6 @, = T

H(n): dap img xung cua bo loc
Hinh 3.3.2.1
Chung ta c6 thé hinh dung cach biéu dién toan tir sau day dé biéu dién ndi cach
ngan gon phép loc ndi suy.

X(n)—# 5y . (n) (3.3.2.1)
X(n)—tsy, (n)—sy,,. (n) (3.3.3.2) -

b) Biéu dién phép loc ndi suy trong mién bién sé n .
Qua trinh loc noi suy duoc biéu dién trong mién bién sd n nhu sau:
X(n)—sy,, () —9 sy, (n) (3.3.3.3)

§ddy:y,, ()= T Llx(m)] .

_ x(-”L—) n=0tL2L,...

0 n#
Yug (M = yy (M)*h(n) =

m)*y,, (n)

= 3y, 0k —k)
k=~

0

= z x(%)h(n—k) k=0, + L +2L,...

ix(r)h(n -rL)

k=-c0

y tTLH (n)
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Vidu 3.3.2.1
Cho x(n) = rect;(n)

_f311
h“‘"{‘z 2’4}
|
0
Hay timy,,, (n)
Giai
N Xm={1,1,1}
0
\ \ Y1, () = {1, 0 1,01}

_>

H(-k) = llill
<

Y 1 @) =Y 1y () * W) = 3y, (KA~ )

k=—o0
_[1316,6,1
4°2°4°472

>

=

0
¢) Biéu dién phép loc ni suy trong mién z.

Chung ta mo phong phép loc ndi suy trong mién z bang cach sau day :

X(z) LY, (2) -2 Y., (2) (3.3.2.5)
O day:
X(z)=ZT[xm)]; Y., (@) =ZT[y,, ()
X(z)=ZT[hw)]; Y., (2)=ZT[y,,, )]
Ta da co:
Y, (@) =X(z") ; Y., (@)=Y, (2.H®z)
Vay :

(z)=X(z").H(z)

TLH
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Vidu3.3.3.2
Cho x(n) = rect;(n)

n

Hay tim Y1,y (2) ~
Giai
Xz)=1+z?+2z7*=Y,,(2)
H(z) =1+ 0,75z + 0,52 + 0,25z

Y., (2)H(z) =1+0,7527" + 0,527 + 0,252 +
+z224+0,75272 + 0,527 +0,252° +
+z*+ 0,7527° +0,527% + 0,252
Y., (2=1+0,7527" + 0,522 + 2z~ + 1,527 +z27° + 0,52 + 0,252”

Chu y
- xét phép loc ndi suy sau :

X(z)—s Y, ()5 Y. (2) (3.3.2.6)
Ta co:

Y,,, @)=Y, (z).Hz")=X(z").H(z") (3.3.2.7)
- Bay gio ta xét phép loc ndi suy sau:
X(z) 25 Y, (z) —s Y, (2) (3.3.2.8)
Ta co:

Y, (2) = X(z) .H(z) = H(z).X(2)
Y[,TH (Z) = YH (Z L)
=X(z") .H(z")

(3.3.2.9)

Ta thdy rang Y1.u(z) = Yitu(z). Vay hai phép loc ndi suy nay 1a twong duong, do
d6 so @6 thuc hién hai phép nay ciing twong duong nhau,ta mudn dung so d6 nao ciing
duoc,xem hinh 3.3.3.2.

_ I TL | H(z") ., — H(2) o TL |

]

a) b)
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Hinh 3.3.3.2

- Ciing gidng nhu trong phan loc phan chia, sy twong duong giira hai so dd nay rat
quan trong trong cic ung dung thuc té dé xay dung cac bd loc ciing nhu cac blank loc.

Dé ngin gon ta ki hiéu phép loc trén hinh 3.3.3.2 (a) va (b) 1a TLH (") va H(z)TL
,vay ta co thé viét :

T LH(z")=H(z)TL . (3.3.2.10)
d) Biéu dién phép ngi suy trong mién tin so

Danh gia X(z), H(z),Y1.(z) va Y1Lu(z)trén vong tron don vi trong mat hang z (tic 1a
thay z = &) ta c6 thé biéu dién phép loc ndi suy trong mién tan s nhu sau:

Xe*) = Yy, (07) =125 Yy, () (33.2.11)
Y“’ (e jo ) — X(e ja)[,)
Yy () =Yy, (e7) H(e) =X(e") H (e”) (3:3.2.12)
Vidu3.3.2.3

Cho tin hiéu x(n) c6 phd 1a X(e/?), bé rong phd 13 -n < © < 7 (xem hinh 3.3.2.3a),
x(n) di qua bd noi suy T L=2, sau d6 di qua bo loc thong thép o, = %

Hay tinh Y1ou (€°) .
Giai
Y, (e”)=X(e); Y,,, (€)= X(e’*).H (¢*)

Cu thé giai bang db thi trén hinh 3.3.2.3
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x(e’”)

v

141

2 -xm N 0 z 2
2 A 2
3x @
25 YTz (™) o
27 - -20Z 2 2 3z
N 2 2
®
H(e’*) i
1 -2 2o 2 27 »
2 2
4
Am@“’/
[,
-2 -11.-0 z 2 ()
2 2
Hinh 3.3.2.3



3.3.3. B) lgc bién dbi nhip ldy miu véi h¢ s6 M/ Kkhéng nguyén

a) Tong quan

Chung ta da nghién ciru bo loc phan chia va bd loc ndi suy va chung ta d nghién
ctru bo bién d6i nhip 1dy mau v6i hé sd 1\% . 1r day chiing ta c6 thé xay dung bo loc bién
ddi nhip 14y mau véi hé sé khong nguyén M/L bd loc bién ddi nhip nay c6 thé dam bao
bién ddi nhip theo hé sé khong nguyén 1V%Jnhung khong gay hién tugng chong phd tic
1a khong 1am hu hdng thong tin ctra chung ta.

B loc bién doi nhip hé sd % duoc xay dung bang cach ghép ndi tiép hai bo phan

ndi suy va bd loc phan chia nhu trén hinh 3.3.3.1.

-~

h, (n) I M T

A 4

—— TL =——— h,(n

x(n) y(n)
Hinh 3.3.3.1

Do cach ghép ndi tiép bd loc ndi suy trude véi bd loc phan chia nhu trén hinh
3.3.3.1 cho ta thy rang bo loc hy(n) dugc ghép nbi tiép vai bo loc hy(n), vay ta co thé két
hop hai bd loc nay lai lam mot bd loc chung cé dap ung xung hau bo loc hdo nay phai
1am ca hai nhiém vu d6i v6i phép ndi suy va phép phéan chia, do d6 ta phai chon bo loc
han sao cho cung mot lic né thuc hi¢n dugce ca hai nhiém vu nay.

Hai b6 loc nay ghép nbi tiép vi vay dap ung tan s H(e!®) = FT[h(n)] s& 1a
H(e’*)=h, (e’*).H, (e’)
(3.3.3.1)
o day:
H,(e”)=FT[h,(n)) vaH,, (e’*) =FT[n, (n)]
Viy ta cling c0 :
|H(e’)| > |H (7). |Hy ()

(3.3.3.2)

Ta biét rang H,(¢") 1a bo loc thong thap (gia s 1a 1y tuéng) co o, = % con Hy(e'®)
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cling 13 bd loc thong thap (gia st 1a 1y twdng) cd o, = .

M
Vay H(e'®) can dugc chon nhu sau:
1
H JON| =
)= g
& day C 1a hang sd
Hinh 3.3.3.2 minh hoa céch chon o, ctia H(¢/*)
$ H,(e”)
a H(e™)
-z -2 o0 Z 1) /4 0 r o
2 2
A \
H,M (e _[n)) 4
H(e’*)
r —Z 0o X & © - =20 Z
M M M M
A X ﬂ‘
-7 T o Z V4 @ -z =2 0 X 1 o
L L M
a) L>M b) M>L

T <
L M
T <™

M L

Hinh 3.3.3.2

Két qua cho ta bd loc bién doi nhip hé sé M/L véi chi mot bd loc thong thap c6 tap
g xung h(n) va dap tng tan sé H(¢/*). Hinh 3.3.3.3 cho ta so d6 khdi ctia moc nhip nay
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TL h(n)

A 4

x(n)
y(n)

Hinh 3.3.3.3

D¢ ngan gon ching ta c6 thé dung céch bi€u dién toan tir nhu sau :

x(n) — Y (n) ﬂ_)y TLH (n) — Y tuimi (n) (3.3.3.3)
hodc ngan gon hon :
x(n)_TH—“iL)y THIMIL (n) (3-3~3-4)

b) Biéu dién phép lan bién doi nhip trong mién bién so n:
Trong mién bién sO n, cac phép toan ctuia phép loc bién doéi nhip dugc mo ta nhu sau:

x(m) oy, () 0oy, )y, 1) (3.3.3.5)

O day:

TL[x(n)]

B [x(ﬁ) n=0+L+2L,...
=\L

y 11 (n)

0 n+
Ta co:

yTLH (n) = YTL (n)*h(n) = inL (k)h(n—k)

k=—c0

= i x(k).h(n— kL)

k=—-c0
Y sy @) = ¥ Mys, () * )]
=] M[ ix(k)h(n - kL)i|
k=0

= ix(k).h(nM —kL)

=-—0

(3.3.3.6)
Vidu 3.3.3.1
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Cho x(n) = rect;(n)

n

hdy tim mi% (n)
Giai

Giai bang do thi cho trén hinh 3.3.3.4.

x(n)

10 1 2 3 n
4k
Y1, ()
10 1 2 3 4 5 13
A
H(-k)
]
L :
0 k

[
>
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y ToH (n)

-1 01 2 3 4 5 6 17 n
Y amiy

.10 1 2 3 n

Hinh 3.3.3.4

¢) Biéu dién phép loc bién déi nhip trong mién z

Trong mién z phép loc bién d6i nhip dugc mé ta nhu sau:

X@)—> Y., (2)—225Y,, @) —*5Y, ., / (2) (3.3.3.7)
& day:
X(z) = ZT[x(n))] H(z) = ZT[h(n)] .-
Y4, (2)=ZTly,, (n) ] Y, (2)=ZT[y,, (n) ]

YTHW/L (z) =ZTly TH M/ (n) ]
Taco:
Y,, (z) =X (z")
Y, (z)=X(z").H(z)
Y sy @ =4 M|x(z").H(z)|

1 Mz i ,
=A_J. o YTLH(Z W)
18 L L !
= o7 LA W) THEMW,,)
l=
1 M-l L 1
=ﬁ Xz W! H(EzM W) (3.3.3.8)
1=0
Vidu 3.3.3.2 ,
Cho

X(z)=1+z"+2z7
H(z) = 1+ 0,75z + 0,527 + 0,252
Hay tim Y ., (@)
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Giai
Y, (@z)=X(z*)=1+z7 +z"
Y, (2)=X(z?)H () =(1+0,752" + 0,522 + 0,252)(1 + 22 +2™)
=1+0,75z"' + 0,522 + 0,25z +
+22+4+0,75272% + 0,5z + 0,252 +
* 40,7527 +0,527° + 0,252
=14+0,75z"+ 1,522 +z 2+ 1,52+ z° +
+0,527° + 0,25z
= 13[Y,@)]

1 2 1 _Jﬂl
= 3 3
YTHl% @) Bl ;me (z%e )
=l1+z"' +0,5z7
d) Biéu dién phép loc bién doi nhip trong mién tin sé
Panh gia X(z) .H (z),Ytu(z) va Youima (2) trén vong tron don vi trong mit phang
7, z ta s& c6 biéu dién phép loc bién ddi nhip trong mién tan sb nhu sau:
X(e”) —E5Y,, (e) ey, (e”) LYTHW/ (e’*) (3.3.3.9)
- L

Ta co
Y, () =X(e’)
Y, (e9)= X(ef"’") H (e’*)

=211

J—
YT;NM/ (e ZYTLH M )
1 A:,_, joL-2m =iy
=H X ™ JHE *) (3.3.3.10)

O

Vidu 3.3.3.3

Cho tin hiu x(n) c6 X(¢"®) cho trén hinh 3.3.3.5 (a) hay tim cach giam nhip ldy mau
di % lan ,trc 12 nén tin hiéu x(n) lai % 1an nhung khong dugc 1am mét théng tin chira
trong x(n)
Giai

Vi phé X(¢®) c6 bé rong - 27” <o< 27” vay ta c6 thé dung b6 loc bién dbi nhip

THI %, M=3 ,L=2 , ta chon tin s cit ®, cua bd loc H(®) 1a % = % c6 nhu vy sé

khong 1am mat thong tin ctia x(n) hinh 3.3.3.5 s& minh hoa cho ta r5.
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Yra(e) = X(e™)

. T
H(e_/a))= 3 05|(0|Sm1n(—3—,5)
0 1)

z
3

YTzH ()= YTz(em )- H(ejw)

_ J3X(e’2‘") 0<|o|<min>,2)_x
> Z — 5

0 w 3
, oy 1 2 /ﬂ_;—”l
THv3/2(e )=§§YT2H(e
] 201 A ==
=§YT2H(8 3)+5Y12n(e ? )+'3'YT2H(e )
A
X(e™)

AN ANVANAN

N/
-2 n
2z 0 2_” 2r 4
3 3
17)
Y, (e™)

(Y4

v

\ \ N\ \
/\ 4 2 /\ 2 /\ 2 /\
VA /N AN VA
I yi \ yi \ L y; \ l , \ l >

-2 20 Z 2n
3 3
‘r H(e™)
3
l >
-2 z o Z » 27 4r 67
3 3
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n AN
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3
T
2 — 0 z T 27 4n 6r
3 3
7]
A 1 w
/,EYTZH(eJ )
/ 1
| | /\ )
- 0 T 27 4z
6r w
‘T YT2H¢3/2(ejw)
/’/\\\ /\ ////\\\ ///\\\ A
\\// AN 7 \\d/ \\ -
- 0 = 2r 4 6r
W
A
1 1 s
§YT2H(e )
0 /4 2n kY4
4r 6r o



27

v

6r

Hinh 3.3.3.5
3.4. PHAN HOACH NHIEU PHA (POLYPHASE DECOMPOSITION)
3.4.1. PHAN HOACH NHIEU PHA HAO THANH PHAN
a) Phan hoach ham truyén dat H(z) .
Ta biét mot hé thong tuyén tinh bat bién c6 dap tmg xung 1a:
H(n)

n=-—o,...,+0

Va c6 ham truyén dat 1a H(z):

H(z)= i h(n)z™

n=—c0
Bay gi® ta phan day h(n) 1am hai phan Gng voi n chin va n 1&,vay ta co:
h(n) = h(2r) va h(2r + 1)
H(z)=) h@2r)z™" + > h2r+1)z7

-~

H(z)=) h@2rz> +z7 Y hQ2r+D)z™

Goi ey(r) = h(2r) va el(r) = h(2r +1)

150

v



va dat

SHore =S are™

= o (X2)" =E(?)

ih(?rﬂ)z""’ = iel(r)z'zr

=3 e0X) T =B
cudi cung ta co:
Ho)=E(?)+z E(Z)

S 2"E, (%)

m=0

(3.4.1.1)

Viéc biéu dién H(z) dudi dang (3.4.1.1) nay goi la phan hach nhiéu pha hai thanh
phan cua H(z). Hay néi cach khac, chung ta d3 biéu dién H(z) ¢ dang nhiéu pha hai thanh
phan. Eo(z%) va E (%) duoc goi 1 cac thanh phan nhiéu pha cia H(z) va ta ciing c6: E(z)
va E1(2) cling duogc goi 1a cac thanh phan nhiéu pha cua H(z).

Mot tinh chit quan trong cta phan hoach nhiéu pha hao thanh phan d6 la:

H(z) = E,(2)+ 2 E (z%)
H(-2)= Ey(2)-2"E(z))

H(z) + H(-z) =2Ey(z°)

(3.4.1.2)
Hay:

Eo2’)=> [H(@) + H(-2)]

Eo(2) = %[H(’z%m(—zi)]
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El<z2>=§z[H(z)—H(—z)]

1 1

E(2)==z[H(z?)~ H(-z?)]

N —

Vidu 3.4.1.1
Cho bd loc s6 IIR ¢ dap ung xung nhu sao:
H(n) =a"U(n)

Hay tim phan hoach nhiéu pha hai thanh phan cua H(z)

Giai
Ta phan h(n) thanh hai thanh phan dap tmg véi n chin va n 1é, sao d6 1ay bién do6i Z
ta co:
[o o] n o0 . 1
Hz)=Y Hnz" =) dz"=——
n=-0 n=0 l—m
|| > |a|
=> W2z +Y h(2r+)z ¢
r=0 r=0
= ZaZrZ—Zr + Za2r+lz—(2r+l)
=0 r=0
=Z(a22—2)r +az—lZ(aZZ—2)r
r=0 r=0
1 N ™
-’z 1-a’z?
H(z)=E\(z")+z'E/(Z%)
Vay
N a
B =1 VA R =
Tu day ta co:
N a
P Y RO T
Vidu 3.4.1.2

Cho b6 loc s6 FIR pha tuyén tinh c6 dap ing xung nhu sau:
Hn)= {1,2,3,4,3,2,1}
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- 0
Hay tim phan hoach nhiéu pha hai thanh phan cua H(z).
Giai

Phén h(n) thanh hai thanh phan Gng véi n chin va n 1é va 1y bién d6i Z ta c6 :

H(z)= i W(n)z™"

=1422 4322 +42° 32 +22° +2F
=143 +32 " 420 +22+4z27 +227)
=E(Z)+Z E()
& day
E(Z)=1+3z"+4z" +2°
E(z)=2+4z"+2z"
vay ta ciing ¢4 :
E(2)=1+3z"+3z"+27
E(z)=2+ 4z"1 +2z7
b)CAu trac nhiéu pha hai thanh phan

Pinh nghia: Cau trac thuc hién biéu thic cua H(z) dudi dang phan hoach nhiéu pha
duoc goi la cAu trtic nhiéu cha cua hé théng $6.

Ta di c6 dang nhiéu pha hai thanh phan cta H(z) nhu sau:
H(z) = Eo(z%) + 2 'E\(Z%)

Tir day ta co thé v& so do cau tric nhiéu pha téng quat nhu trin hinh 3.4.1.1

y
h 4
ot
=2
™~
>
-

| H(z) _

v

e

Hinh 3.4.1.1
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Vi du 3.4.1.3

Cho b loc sé FIR pha tuyén tinh ¢6 ham truyén dat H(z) ¢ dang phan hoach nhiéu
pha hai thanh phan sau:

H(z) = Eo(z") + 2 'Ei(2})
Eoz)=1+322+3z*+2°
E(z) =2 +4z2 + 22"

Hay v& cdu triic nhiéu pha caa H(z).
Giai

Vi 1 pha tuyén tinh nén ey(r) va e;(r) 1a ddi xtmg,cau trac nhiéu pha cta H(z) pha
tuyén tinh dugc cho boi hinh 3.4.1.2.
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X(n)

A 4

e

AR RN {
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l N I

| g |

| z'2 z'2 |

| |

| {

| |

| |

| |

: B v : v

} - N (+ ) o+ )y
| Vv :
it Sttt Y(n)

Ei(z%)
Hinh 3.4.1.2

3.4.2. PHAN HOACH NHIEU PHA M THANH PHAN
a) Phan hoach ham truyén dat H(z)

Bay gid ta xét trudng hop tong quat tic 1a biéu dién H(z) ¢ dang nhiéu pha M thanh
phan.

Tuong tu nhu trén ta cling ¢6 thé phan h(n) thanh M thanh phan nhu sau:
Hm) — h(Mr), h(Mr + 1), ..., h[Mr + (M —1)]

Vay ham truyén dat H(z) s& c6 dang nhu sau:
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H(Z) = ih(M)Z-M + i ]’(M'FI)Z‘(MH) o+ i h{M—*—(M— I)Z—{A'H(M—l)]

r=—co r=— r=—a

e, (r)=h(Mr+m)
0<m<M-1

M-1 L)
H(z)= ZZ_'" Z e (rXz")”
m=0 r=-c0
M-1
H(z)=) z"E,(z")
m=0
(3.4.2.1)
o day

E,(2)=Y e, (X"

r=—oo

0<m< M-I o (34.22)

En(z™) duoc goi 1 cac thanh phan nhiéu pha cua H(z). Ta ciing rit ra dugc biéu
thirc sau:

E(2)=Y e,z

0<m=<M-I (3.4.2.3)

Viéc biéu dién H(z) dudi dang (3.4.2.3)goi 1a phan hoach nhiéu pha M thanh phan
cua H(z).

Vidu 3.4.2.1
Cho bd loc s6 IIR ¢ dap ung xung nhu sau:
H(n) = a"U(n)
Hay tim phan hoach nhiéu pha M = 3 thanh phan cta H(z)
Giai
Phén h(n) thanh ba phan tmg véin = 3r, n = 3r + 1, n = 3r + 2, va ldy bién doi Z

h(n) ta co:
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HE@) =Y hn)z" =Y as" =—

r=0 r=0 az
|2 lal
0 -] o0
=Y h(3r)z™" +> hQGBr+1)z %Y £y h(3r +2)z7¢?
Y
r=0 r=0 r=0
o -] a0
— Za3rz—3r +Za3r+lz—-(3r+l) +Za3r+22—(3r+2)
r=0 r=0 r=0

[ o0 a0
=Z(a3z—3)r +az-lZ(a3z—3)r +a2z—22(a3z—3 r
r=0 r=0 r=0
1l a o a’
= V4 V4
1-a’z7 1-a'z 1-a’z>

H(z)=E,(2)+z'E(2*)+ z'2E2(23)_

Vay
Ey(z))= 1_;32_3 ; E,(z3)=1—_;’37 va
E2(23) B 1—(;2'3
Eo(z)=l—_—# ; E@):# va 152(z)=1_‘;z_l
Vi du 3.4.2.2

Cho bd loc s6 FIR pha tuyén tinh c6 dap Gng xung nhu sau:
h(ny={ 1,2,3,4,3,2,1}

-

0
hay tim phan hoach nhiéu pha M = 3 thanh phan cta H(z).
Giai
Phan h(n) thanh 3 thanh phan tmg véin = 3r, n=3r + 1, n=3r + 2 va lay bién d6i z
ta co:

H(z)= i h(n)z™"

— 1 + 22-1 + 32-2 + 42-3 _|_ 32-4 _|_ 2Z-5 + Z-6
=144z7 +278 + 27124 327)+ 22 (3+227)
H(z)=E, (z3) + z‘lEl(z3) + z'zE2 €

o day:
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E(,(z)=1+4z”3+z‘6 va Eo(z)=1+4z"‘+z-f2
EI(Z)=2+3Z_3 va E](Z)=2+3Z’1
E,(2)=3+2z" va E,(z)=3+2z"

Ttr cach biéu dién H(z) & dang nhiéu pha M thanh phan ching ta c¢6 thé rat ra mot
tinh chét quan trong nhu sau:

Ta da co:
eo(r) = h(Mr)
Lay bién doi 2 hai vé ta c6 :

MTley ()= Y eo(z™ = 3 h(Mr)z™™ = E,(z*)

F=—m r=-—o
Doi bién so:
. m
m=Mr var=—

E,(z")= i h(m)z"

r=—o
V61 m = Mr, r: nguyén

Ta da c6 dinh nghia day p(m) nhu sau:

—Im

1 M-
p(m)= Hzo

V61 m = M.n, n: nguyén
Tu day ta co:

E(2)= 3. hm)p(m)z™

27:

Hoac

b) Céu triic nhiéu pha M thanh phan

Phén hoach nhiéu pha M thanh phan ctia H(z) 1a co s dé xdy dung ciu tric nhiéu
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pha M thanh phan, ma ham truyén dat ctia cdu triic nay 1a H(z).

Hinh 3.4.2.1 minh hoa cAu trac nhiéu pha M thanh phan tong quat dé thuc hién ham
H(z):

H(z)= Mz_l z"E_(z")

X(n)
X(n = o Eo(z")
Hz T T =
Y(n)
71
Eo(z") —»(D
7! :
|
{
. Y(n)
- o] Epa(z") ——»@——»
Hinh 3.4.2.1
Vi du 3.4.2.3

Cho b6 loc s6 IIR cua ham truyén dat H(z) cho ¢ dang phan hoach nhiéu pha 3
thanh phan nhu sau:

H(z) = E«(2)) + 2 'E\(Z’) + Z°E, (7)

thi két qua 1 twong dwong nhau, két qua ta thu duoc nhu cau trac hinh 3.5.3.7 (a), (b), va

(©).
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X(n)

> ™ 12 » 13 > Eo(x)
/!
Z-l
) 4
" 12 "3 TME® T T+
yTH¢2/3(n)
Hinh 3.5.3.7

(a) CAu trac thuc hién thu tuc 7' = 7377 va dua bd T3 vao 2 nhanh theo tinh chét
phan bd vao phép cong ciia phép nodi suy; (b) Cau trac thyuc hién sy dong nhat (3.3.2.11)
va (3.3.1.11) tac 1a T3 = 27T va 22 L 2 = 127 ¢) Céu tric thuc hién sy twong duong
(3.2.4.5) tac 1a TN2/3 = 1712/3.

Péi voi hinh 3.5.3.7 (c) ta lai dung phan hoach nhiéu pha loai 2 cho cac thanh phan
nhiéu pha E((z) va E,(z) nhu sau:

Eo(z) = 2°Eo(z3) + 2'E1(Z’) + Ega(2)
Ei(z) = z-2Eo(Z’) + z-1E(z”) + F1»(2)

Sau d6 sir dung sy dong nhét (3.3.2.11) chiing ta s& c6 cdu trac trén hinh 3.5.3.8.
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T.’Z > E()()(X . T3
= ' -1

Z
> E0|(X T3 N
¥
Z-l
\ 4
Z-l
™ Eoax o 13 '
T2 Jd Eoi(x T3
A
Z-l
e Eoz(x T3
Z-l
‘ v
=" OG-
yTlelz(n)
Hinh 3.5.3.8

R rang 1a ciu trac trén hinh 3.5.3.8 13 cu tric vu viét nhat, chiing ta khong thé cai
tién thém duoc nira. Voi cAu tric nay nhip cuia tin hiéu vao x(n) trudc khi vao cac bd loc
s& giam di 2 lan (tong quat 13 M 14n) tirc 1a chu ky 14y mAu ting 2 lan: 2T,. Néu gia s

. N-1
h(n) 1a bd loc FI ¢6 chiéu dai N = H(z) = Zh(n)z’1 thi cac bd loc con Ey(z) va E;(z) s€

n=0

c6 chiéu dai giam di 2 x 3 = 6 lan (tong quat 1a M x L lan).
3.4.3. PHAN HOACH NHIEU PHA LOAI HAI
a) Phan hoach nhiéu pha loai hai ham H(z)
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Trong muc nho nay ching ta dua khai ni¢m phan hoach nhiéu pha loai hai, trong
mot s6 trudng hop cach phan hoach nay s& thuan loi hon.

Ttr biéu thire cua phan hoach nhiéu pha loai 1 ta co:
M- )
H(z)=Y z"'E(z") 0<I<M-1
m=0

Pbibiénsd:1=M-1-m

Ta co:
H(z)= Mz_l Mg (M)
E (@)=E")
. (3.4.3.1)
Vay:
M-1
H(z)=Y 7 F,(z")
m=0
0<m<M-1 (3.4.3.2)

Biéu thirc (3.4.3.2) 12 biéu dién cua H(z) dudi dang phan hoach nhiéu pha M thanh
phan loai hai.

Nhan xét:

- Ta thiy rang Fm(z") = Eyi.i.m (2") 12 biéu dién cua H(z) Fm(z") = E,, (2%) chi 1a
viéc danh s6 lai cac thanh phan ma thoi.Vi vay vé mat ban chat thi phan, hoach nhiéu pha
loai 2 va loai 1 khong c6 gi khac nhau,ching chi khac nhau vé mat hinh thirc.

- Phan hoach nhiéu pha loai 2 rét ¢6 loi khi thuc hién bd loc néi suy.
Vidu 3.4.3.1
Cho bb loc FIR pha tuyén tinh, ham H(z) c¢6 phan hoach pha loai 1 nhu sau:
H(z) =Eo(z’) + 2'E\(2)) + 2 Ex(2))
Eyz’)=1+4" +7°
E(Z’) =2 + 32°
Ex(Z’) =3 + 227
Hay tim phan hoach nhiéu pha loai 2 ctia H(z).
Giai:

Ap dung hé cong thuc (3.4.3.1) va (3.4.3.2) ta c6:
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F(2)=E,(z’)=3+2z"

E(Z)=E(Z)=2+3%"

E(z2)=E,(2)=1+4z" +2"°

H(z)=z7F,(2*)+z'E(Z’)+ E,(2*)
b) Céu triic nhiéu pha loai 2:

trén co s& biéu thire (3.4.3.2) cua phan hoach nhiéu pha loai 2 ctia ham H(z):
M-l
H(z)=Y Z™"mF (z")
m=0

Chung ta xay dung dugc so do cau trac nhiéu pha loai 2 M thanh phan xem hinh
3.4.3.1.

H - o N
—_] (Z) L — —> > F()(ZM)
x(n y(n x(n
: : : 4
7!
T RE) T
!
-1
i y2
| " l
|
Fua(Z) |
y(n
Hinh 3.4.3.1
Nhan xé&t:

- Thuc chét cAu trac nhiéu pha loai 2 chinh la cAu trac chuyén vi ctia cAu tric nhiéu
pha loai nirc 1a néu ta coi ciu tric loai 1 12 mot graphe c6 huéng,néu ta d6i hudéng giira
dau vao va dau ra, niit cong sé thanh nat phan tan, nat phan tan trd thanh nat cong thi
ham truyén dat H(z) ctia ciu trac s& khong thay ddi, lic d6 ta s& thu duoc cdu tric loai 2
goi 14 cdu tric chuyén vi.

- Cu trac nhiéu pha loai 2 rat thun lgi cho viéc xay dung bo loc ndi suy
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@y ; (@)
I I ;
I | E2(X )
| =t
| |3 | e
: R AN
i / !
| N |
e e e e e e e e e —J
Hinh 3.4.2.2

3.5. CAU TRUC NHIEU PHA CUA BQ LQOC LAY MAU
3.5.1. Céu triic nhiéu pha ciia bd loc phan chia

Tir hinh 3.3.3.1 va hinh 3.4.2.2 ta c6 thé thuc hién dugc b loc phan chia nhiéu pha
nhu hinh vé 3.5.1.1.

Nhan xé&t:

- Thuc chat cu tric trén hinh 3.5.1.1 nay 1 dya trén co s cau trac hinh 3.3.1.1 vi
n6 khong néi Ién dugc tinh vu viét cua cAu trac nhiéu.

- N6i chung bg loc phan chia hé s6 M s& duge thuc hién trén co so st dung cAu tric
nhiéu pha M thanh phan,cé nhu vay ta sé loi dung sy dong nhit cua 2 so dd (a) va (b)
trén hinh 3. 3.1.2.

- Vi phan chia c6 tinh phan phdi vao phép cong nén ta cé thé chuyén ciu trac hinh
3.5.1.1 thanh c4u trac 3.5.1.2 ma két qua van nhu nhau.
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T "1 Eo(z") |
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: :YH(I‘I Hl«M( )
L e e e e e e e 1
Hinh 3.5.1.1
F
S
T
T Eo(2%) I M
x(n
z’! Fs
v
— E\(2") Y ——"G)
s MT =T
v ! a s ts
-1 s -5
z : i F
I I
| |
|
» Ema(zY) \%.7 2 BN i )
YHJ,M(n)
Hinh 3.5.1.2

Str dung su dong nhat cua so dd (a) va (b) trén hinh 3.3.1.2 ta c6 thé chuyén cau
tric trén hinh 3.5.1.2 thanh céu tric trén hinh 3.5.1.3.

166



> " M Eo(zY)
x(n
\ Y MT,
z"! F,
M
\ 4
> M E2") D
MT,
5 F, i
z Y, : MT,
} | £
] v Eva(2™) < ) i
M-1
YH&M(n)
MT, .
K
M
Hinh 3.5.1.3

Céu tréic trén hinh 3.5.1.3 1a c4u tric vu viét nhat, né chinh 1a cau trac nhiéu pha M
thanh phan cta b loc phan chia hé s6 M. Pé thdy duoc wu diém cia cau triic nhiéu pha
nhu trén hinh ching ta ciing so sanhb véi céu tric truc tiép cia bd loc phan chia
HOM.Gia st ching ta déng b6 loc FIR ¢6 chiéu dai N,ciu trac truc tiép ctia HOM duoc
cho trén hinh 3.5.1.4. Ta viét tit bo loc phan chia FIR 13 FIRHIM.B4y gid ta tién hanh so
sanh.

Ta thay rang ddi v6i FIR HIM truc tiép, dé tinh mdi mot dau ra yHIM(n) chung ta
can N phép nhan va (N - 1) phép cong. Trong so d6 hinh 3.5.1.4 ta thdy rang tin hiéu vao
x(n) qua cac bo tré z- 1 101 dugc nhan véi hé sb h(n), sau d6 cong lai ta dugc mot gia tri
cua yH(n). Con trong thoi gian thyuc (in real time) cac bo tré z*- 1 chinh 1a bo ghi dich,
x(n) di vao cac bod ghi dich theo timg thdi diém cta xung dong bo, ta goi 1a xung nhip,
khoang cach thoi gian gitta 2 xung nhip lién tiép nhau 1a Ts. Vay sau mdi nhip ta phai
thuc hién xong N phép nhan van N- 1 phép cong trudc khi xung nhip mai thuc hi¢n, tirc
1a FIR HYM truc tiép chi tinh gi4 tri y(Mn) chtr khong can tinh ca yH(n) ,vay hé thong s&
nghi trong thoi gian (M-1)Ts, sau d6 bo ghi dich s& dich mot budc dai M nhip dé tinh gia
trj tiép theo cta yH(n) nhu vay rd rang 14 rat bét tién.
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MT,
F, Ym(n F
i ho) %
> D "+ IM |/
y[-]iM(n) = yM(Mn)
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.
h(1)
—> ()
‘ -
z! I
|
|
i
}
I |
| |
h(n-1)
N
V
Hinh 3.5.1.4

Con d6i v6i FIR HYM nhiéu pha M thanh phan thi truée khi di vao cac khdi loc
Em(z) thi cac mau nam giita hai mau Mn va M(n +1) khong con nita, tirc 13 nhip ldy mau
dd duoc giam di M lan, thoi khoang giira hai mau trude khi di vao Em(z) bay gid 1a MTS.
Nhu vay cac phép tinh nhan va cong s€ dugc thuc hién trong khoang thoi gian MTS. Hon
nira chiéu dai cac bo loc Em(z) bay gio 1a trung binh N/M véy s6 phép nhan va cong phai
thuc hién trong khoang thoi1 khoang MTS chi con trung binh 14 N/M va N/M- 1.

Nhu vdy FIR HYM nhiéu pha M thanh phan wu viét hon han FIR HIM truc tiép.
Vidu 3.5.1.1:
Cho b lgc phan chia FIR FIR HI2 v6i hau nhu sau:

Hay v& cdu trac nhiéu pha t6i wu nhét cia FIR Hi2.
Giai

Ta tim H(z) sau do tim Ey(z) va E(z):
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H(z)=1+§z’1 +iz’2 +§z’3 +12—z'4 +lz’5
6 6 6 6 6

1

B +z"(—5—+zz‘2 +—27)
6 6 6

i

1+iz'2 +—2—z
6 6

H(z)=E,(2*)+ z'E\(z%)
4 , 2
Eo(zz)=1+gzz+—6—z“4

El(zz)=§+§—z’2+—l—z'4
6 6 6

4 , 2
E,(z)=1+=z"+=77
0(z) P S

E/(z )=%+—2—z'l +%z‘2

Tir ddy ta ¢ cau tric nhiéu pha hai thanh phan t&i wu nhat cua FIR H2 minh hoa
trén hinh 3.5.1.5 (a) va 3.5.1.5 (b).

> P ¢2 » EO(Z) »
x(n)
A
i v yHJrZ(n)
> ¢2 P> EI(Z) -—D( .}——-——P
Hinh 3.5.1.5
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X(n) l E(2)

T nl2 l
Vo
- : a4/
-1 ! N
y4 : V
: Y
2
: 2/6
! N
. Y e
. . R
" 42 g L
- 5/A
i 42
i ey
! N
: |V
1Y
42
~
! , v’
T E(2)
Hinh 3.5.1.5

3.5.2. Cau triic nhiéu pha ciia bd loc ndi suy
Chung ta s& dung ciu tric nhiéu pha loai 2 cho trén hinh 3.4.3.1 dé xay dung cau
tric nhiéu pha L thanh phan cta bo loc ndi suy hé sé L T LH.Két hop v6i h inh 9.3.2.1 ta

nhan duogc bd loc ndi suy T LH ¢6 cAu trac nhiéu pha L thanh phén duoc minh hoa trén
hinh 3.5.2.1.
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|3

T LFs
’ TL > Fo(z")

\ 4
A

Y

Fiz") [

FYI

Fia(z")

Yrin (n)

Hinh 3.5.2.1
Nhan xét:

- Cau truc trén hinh 3.5.2.1 khong no6i 1én dugce sy wu viét ciia cac cau truc nhiéu
pha vi n6 dya trén cau trac trén co sé cau trac 3.3.2.1.

- B0 loc ndi suy h¢ s6 LTLM sé& duoc xay dung trén co s& cAu trac nhiéu pha L
thanh phan, nhu vay no sé bi loi dung duoc sy dong nhét cta 2 so d6 (a) va (b) trén hinh
3.3.2.2.

Do phép ndi suy c6 tinh chit phan phdi vao phép cong nén ta c6 thé chuyén cau tric
trén hinh 3.5.2.1 thanh ciu trac trén hinh 3.5.2.2 ma két qua van nhu nhau.

Str dung sy dong nhat ctia hai so d6 (a) va (b) trén hinh 3.3.2.2 ta s& chuyén cau tric
trén hinh 3.5.2.2 thanh céu tréc trén hinh 3.5.2.3.

CAu trac nhiéu pha L thanh cua bd loc ndi suy JLH cho trén hinh 3.5.2.3 1a c4u trac
wu viét nhat. Dé thay duoc nhung uu diém cua cdu trac nhiéu pha loai nay ching ta hiy
so sanh v&i cau tric truc tiép bo loc ndi suy TLH. Chiing ta 1ay bd loc FIR ¢6 chiéu dai N
1am vi du minh hoa. Cu trac truc tiép ctia YLH cho trén hinh 3.5.2.4. Ta c6 thé tit bo loc
ndi suy FIR 1a FIR TLH. Bay gio ta tién hanh so sanh.
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Hinh 3.5.2.2
Fs
S
T
— ™ Fo(z) L
x(n
: F, ,
S z
T
> Fl(Z) TL ‘
i
R) LF,
i z T ..
' L
" Fri(2) TL —,@_,
s Yyu(n)
TS .
Hinh 3.5.2.3

Ta thiy rang tin hiéu vao xau trudc khi vao bd loc FIR ddi véi FIR TLH tryc

tiép,phai di qua bo noi suy TL,chiéu dai ciia xau ting 1én L 1an,va cir L mau thi ¢6 L-1
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mau gia tri khong, khoang thoi gian gitra hai mau cua yTLH(n) bay gio 1a Ts/L.

: l
T h{0)
—> T L {>—>®———>
X(n)

N

h(1)

h(N-1)

N
vV

Hinh 3.5.2.4

Hon nita chiéu dai ctia bo loc FIR 1a N. Vay dé c6 mot gia tri cua yTLH(n) trong
thoi gian Ts/L ta phai hoan thanh N phép nhan va N- 1 phép cdng. Nhu vay ta khong tan
dung dugc cac nhan t6 dé giam cac tinh toan yéu cau trong mot don vi thoi gian,

Con d6i véi FIR TLH nhiéu pha qua L thanh phan thi x4u di truc tiép vao cac khdi
loc Fm(z) véi chu ki 14y miu 1 Ts, va chiéu dai cia Fm(z) trung binh bay gid 1a N/L.
Vay trong khoang thoi gian Ts ta chi hoan thanh s6 phép nhan va phép cong trung binh
N/L va N/L - 1.

Vay 16 rang 1a FIR TLH nhiéu pha L thanh phan uu viét hon han FIR TLH tryc tiép
Vidu 3.5.2.1
Cho b6 loc ndi suy FIR T3H véi h(n) nhu sau:

Hay v& cdu trac nhiéu pha t6i wu nhét cua FIR T3H.
Giai:

Ta tim H(z) sau d6 tim E(z’); E(2’); Ex(Z) 1di tim Fo(z’) = Ex(2’) F1(2’) = Ei(2));
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Fy(z)) = Eo(2)).

H(z)=1+§z'l +£z‘2 +§z'3 +Ez4 +—1-z’5
6 6 6 6 6

=1+§z'3 +z"1(§+—2—z”3)+z'2(i+lz"3)
6 6 6 6 6
=E () + z"E1 )+ z'zE2 (%)

vay:

Fz(z3)=Eo(z3)=1+—:;—z‘3 va Eo(z)=1+%z'I =F,(2)
5 2 5 5 2 _
F,(z3)=El(z3)=g+gz *va E,(z)=€+—6—z '=F(2)

4 1 5 4 1 _
Fo(z3)=E2(z3)=g+gz > va E,(2) ?_-é-+gz '=F(2)

Tir day ta c6 thé x4y dung cu tric nhiéu pha 3 thanh phan t6i wu nhat cua TIR.
3.5.3. Cau triic nhiéu pha ciia cac bd loc bién ddi nhip hé s6 M/L khong nguyén

a) Tong quan

Trén hinh 3.3.3.3 chiing ta d3 c6 so d6 khéi cua cac bd loc bién d6i nhip hé s6 M/L
v6i chi mot bo loc sb co dap ung xung h(n), dap Gng tan sé H(e/”) van tan s cat w =
min(%,ﬁ ). Néu chung ta tién hanh thuc hién bd loc bién ddi nhip hé s6 M/L THIM/L
bﬁng cAu tric truc tiép ctia bd loc s6 hon thi ta hoan toan khong khai thac dugc nhan td
dé lam giam khdi luong tinh toan doi hoéi trong mot thoi gian va nhitng phic tap
khac.Hinh 3.5.3.2 minh hoa b loc bién d6i nhip FIR ¢6 cdu trc truc tiép goi tat 1a FIR
THIM/L truc tiép.
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Hinh 3.5.2.5

Pé thu duoc su thuc hién bd loc bién d6i nhip TH YM/L wu viét chung ta s& dung
cau trac nhiéu pha L hodc M thanh phan phy thudc vao ta ding phan hoach nhiéu pha
loai 1 hay loai 2.

b) Céu triic nhiéu pha loai 1 ciia b 6¢ bién ddi nhip hé s6 M/L khong nguyén
Céu tric nhiéu pha loai 1 ctia bd loc bién doi nhip hé s6 M/L cho bdi hinh
Nhan xét:

- C4u trac trén hinh 3.5.3.2 13 cdu trac nhiéu pha loai 1 M thanh phan cua THIM/L,
goi tit 1a THYM/L nhiéu pha M thanh phan.

- Cau truc nhiéu pha loai nay khong noi 1én dugc nhitng vu viét cua cau tric nhiéu
pha, vi vdy chung ta phai bién d61 so d6 nay di.
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x(n) Y h(o) VraimiL (n)

h(n—l)
Hinh 3.5.3.1
— 1L Ey(z") —ou
x(n) !
Z—l
E(z") A
N
y
Z—l
; > E (ZM)
: 4 Vruimon, (n)
Hinh 3.5.3.2

Ap tinh phan phdi vao phép cong cua phép phan chia va st dung su dong nhit cia
hai so d6 (a) va (b) trén hinh 3.3.1.2 ta ¢6 thé chuyén ciu tric trén hinh 3.5.3.2 thanh ciu
truc trén hinh 3.5.3.3.
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™ Ey(z)

y

4
r—P
N EYYY e T S NS

Hinh 3.5.3.3

R rang cdu triic trén hinh 3.5.3.3 hon han ciu triic trén hinh 3.5.3.2 vi chung ta tin
dung duoc hét kha nang uu viét co thé khai thac duoc.

¢) Cau triic nhiéu pha loai 2 ciia bd ltic bién ddi nhip hé s6 M/L khong nguyén
CAu trac nhiéu pha loai 2 ctia bo loc hién ddi nhip hé sé M/L cho trén hinh 3. 5.3.4.
Nhan xét:

- C4u truc trén hinh 3.5.3.4 13 cdu trac nhiéu pha loai 2 L thanh phan caa THIM/L
goi tat 1a THYM/L nhiéu pha L thanh phan.

- Céu trac nhiéu pha loai 2 nay khong cho ta nhimg wu viét cAu ciu trac nhiéu pha,
vi vy chung ta phai bién doi so d6 nay di.

Ap dung tinh phan phdi vao phép cong ctia phép ndi suy va sir dung su dong nhit
ctia hai so do (a) va (b) trén hinh 3.3.2.2 ta c6 thé chuyén cau tric trén hinh 3.5.3.4 thanh
c4u tric trén hinh 3.5.3.5 ma két qua & dau ra ciing van khong c6 gi thay doi.
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o R 1L

X(n)

Z—l

) 4
F,(2) o TL oD
g NV
Z—l

‘? '

_/L I M

Fy(2) M TL U

Hinh 3.5.3.5

Ta thay rang ciu tric trén hinh 3.5.3.5 hon han cau tric trén hinh 3.5.3.4 vi ching ta
tan dung duogc hét nhiing kha nang uu viét c6 thé khai thac duoc.

Vi du 3.5.3.1

Hay tim cau trac nhiéu pha loai 1 hai thanh phan va loai 2 ba thanh phan cuia bo loc
bién dbi THY213.

Giai

Dua vao cu trac cho trén hinh 3.5.3.3 va hinh 3.5.3.5 ching ta c6 két qua cho trén
hinh 3.5.3.6.

- T3 M 12 d E()(X)
X(n)

T2

Ey(%) ____,O_,

y TH¢2/3(’7)

\ 4
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\ 4

\ 4

Fo(x) " 13

X(n)

" Fo(x) " 13
Z-l
> FO(X) . T3 T2 e
Hinh 3.5.3.6

Ta thiy rang két qua cta hai cdu trac trén hinh 3.5.3.6 (a) va (b) 1a nhu nhau, ta co
thé dung ciu tric ndo ciing duge. Nhung dbi véi hinh 3.5.3.6 (a) néu ta dung thém mot
thi thuat nho 1a z' = 2777 thi ta s& c6 két qua kha quan hon. Cu thé néu ta dung thi thuat
nay sau d6 loi dung su dong nhét (3.3.2.11) va (3.3.1.11) sau d6 loi dung sy twong duong
(3.2.4.5) tirc 1a d6i chd TL va M.

3.6. MOT VAI UNG DUNG CUA HE THONG LQC SO NHIEU NHIP

Bay gio chlng ta s€ néu mgt ing dung ti€u biéu ctia cac hé théng loc s6 nhiéu nhip.
3.6.1. BANK LOC SO

a) Pinh nghia bank loc so.

Bank Igc s6 1a mon tap hop cac bd loc s6 véi cung chung mét dau vao va nhiéu dau
ra hodc v61 nhiéu dau vao va chung mot dau ra.

Tir dinh nghia trén ta thay rang ché hai loai bank loc s6 1a banh loc phan tich va
bank loc tong hop.

b) Pinh nghia bank loc s6 phan tich

Bank loc sb phan tich 1a tip hop cac bo loc s6 co dap tmg tan s6 1a Hy(@®) duoc ndi
v6i nhau theo kiu mot ddu vao nhiéu dau ra, ciu trac cia bank loc sd phan tich duogc
minh hoa trén hinh 3.6.1.1.
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A 4
z

H,(e’") 7 ’

X(n)
X 4
P e TP xl(n)’xl(ejm)
IT (€ )
Y
|
I e
|
|
|
(S o Xy (1), %y, ()
HM—I(eI ) . M-1 M-1
Hinh 3.6.1.1

Theo hinh 3.6.1.1 ta thdy rang tin hiéu x(n) dua vao dau vao va duoc phén tich
thanh M tin hiéu & dau ra 13 x,(n) (0 <k <M - 1), nhu vy trong mién tan s6 mdi tin hiéu
Xi(n) s& chiém mot dai tin s6 con trong dai tan ctia X(n) nén M tin hiéu X(n) duoc goi 1a
tin hi¢u dai con (Subband).

Con cac bd loc s6 Hy(e" s& 1a bo loc thong thip, Hl(e'®) dén Hyo(¢) s& 1a cac bd
loc s6 thong giai con Hy(¢") s& 1a bd loc théng cao, ma cac tin sd cit cua cac b loc sb
nay sé& ké tiép nhau. Nhu vay cac bo loc HO(@) , H;(€°) , ... Hy.; (¢°) duge goi 1a cac bd
loc phan tich, con tap hop cac bod loc hay {Hy(@®), Hi(€®), ... Hy.(€“)} duge goi 1a banh
loc phan tich .

Vi du 3.6.1.1

Cho b6 loc s6 phan tich 1y tuéng véi hé s6 M = 2, tin hiéu véao bank loc 1a X(n) co
phé 13 X(¢“) duoc cho trén hinh 3.6.1.2 sau day:

A

| ! o
-2n -m 0 n .- =
Hinh 3.6.1.2.
+ Hay v& so dd bank loc sd phén tich nay.

+ Hay dung d0 thi tan s6 dé giai thich dang pho cua tin hiéu ra.
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Giai
Theo so d6 tong quat cua bank loc phén tich cho trén hinh 3.6.1.1 thay M=2 ta s& ¢6
banh loc phéan tich 2 kénh dugc minh hoa trén hinh 3.6.1.3 trong dé c6 hai bd loc ) ly

tuong ; Hy(e'®) 1a bo loc thong thap 1y tuéng véi tan sb cit 1a o, = %Hl(e’“’) 13 b6 loc sb
thong cao 1y tudng voi tan sb cat 1a o, = %

Do thi tAn sb d¢ giai thich dang phd cua tin hiéu ra 1a Xo(¢'®) va X;(€®) dugc cho
trén hinh 3.6.1.4 sau day:

v

X(@" Hy(e 7y

v
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Xo(ejw)

-TC __7_1'_ 0 E_ T ®
2 2
4 Hl(ejw)
7T --7-[- 0 — T ®
4 Xl(ejw)
- ..£ 0 E T ®
2 2
Hinh 3.6.1.4

¢) Pinh nghia bank loc s6 tong hop:
Bank loc sb tong hop 1a tap hop cac bo loc sé c6 dap tng tan sb 13 G(e™)duoc nbi
v6i nhau theo kiéu nhiéu dau vao va mét dau ra, ciu trac cia bank loc sd téng hop duoc

minh hoa trén hinh 3.6.1.5:

Go(e)

) Gi(e") —<+>

v

|
Gr.1(¢") m
N
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Hinh 3.6.1.5
Vi du:

Cho bank loc sb tong hop !y tudng v6i hé s6 M=2 c6 hai tin hiéu vao bank loc sb
nay c6 phd tan 13 Yo(e') va Y;(e**)c6 dang cho trén hinh 3.6.1.6 can tong hop véi nhau
dé duoc tin hiéu c6 phd 1a Y('°).

g

Hinh 3.6.1.6
+ Hay v& so d6 bank loc s tong hop
+ Hay dung d0 thi tan sb dé giai thich dang phd cta tin hiéu dau ra
Giai
Theo so dd tong quan cta bank loc sé tong hop cho trén 3.6.1.5 thay m=2 ta c6
banh loc téng hop hai kénh dugc minh hoa trén hinh 3.6.1.7 trong do Go(ej“’)le‘l bd loc sd

thong thip 1y tuong véi o, = %; G1(¢") 1a bd loc thong cao 1y twéng w, = %
]G
Yo(e") N
e A
Y1)
Hinh 3.6.1.7

Db thi tan sb dé gidi thich dang phé tan cua tin hiéu ra duoc cho trén hinh 3.6.1.7.
d) Bank loc s6 DFT

Trong chuong 4 ching ta da nghién ciru bién d6i Fourier roi rac (DFT) va chung ta
da biéu dién DFT dudi dang ma tran nhu sau:

X(k), =w, x(m), (3.6.1.1)

2z
x A A A . Ao 2 an — e
w v 1a ma trdn vuéng M x M gom céc phan tir wy;'. O day wy' = e ¥ . Tuong tu

ta c6 bién d6i Fourier roi rac nguoc (IDFT)
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x(m),, ﬁg; =X (k),, (3.6.1.2)

O day wy la lién hop phirc cua ma tran w .

Dé hinh thanh bank loc sé DFT, gia sir ta ¢ diy X(n) 1a ddy vao, tir diy X(n) nay
chung ta tao ra M day gian bang cach cho diy X(n) qua mot duong day tré cu thé ta co :

gi(n) = x(n-1)

Dau ra ciia bank loc s6 DFT nay s& 14 cac tin hiéu Xi(n) c6 dang nhu sau:

X,(n)= Y g (myw

M-i
Xk(n)=Z(n—i)w:,‘f (3.6.1.3)
i=0
4 ‘
Go(em)
2 -t -m/20 W2 =
Ar _
- Y, (€")
0
G,(e™)
0 -
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(™)

A ML NN

v

0
A ,
(™)
\/ AV\ / A\/
=27 -t~ 0 s 27
Hinh 3.6.1.8
biéu dién dudi dang ma tran ta co:
X,.(m=w g
Pxo(n) ]
x,(n)
X, (n)= ‘
_xM-l(n)_
[ 8,(n) [ x(n) -
g (n) x(n-1)
gm=\ =|
| &y (M) ] [ x[n-(M-1)] |
we  w) Wi,
w | P Wt
=M : : :
W;\f WA;(M—I) Wt;i(M-l)(M-l)

tir day hinh thanh bank loc DET cho trén hinh 3.6.1.9 nhu sau:

185



z—l
> Xo(n)
>
-1
am L *
g W
: promm—
’ ()
_ Xo(n
z 1
I | -
’ gy(n)
Hinh 3.6.1.9

1ay bién d6i z biéu thirc (3.6.1.3) ta co:
M- _
ZT[x, (I=ZT[)_ x(n-1)wy ]
w o
=X ()= 2" X(2)wy
i=0 . |
=Y (zwh) "' X(2)
i=0
M-1 —i
= X(2))_(zwy,)
i=0
Ta goi

Hy()= Y (2ws)

,(0k<M-1) (3.6.1.4)
= x,(2) = X(2).H,(2)
(3.6.1.5)

vay ta c6 thé viét:
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M1

Hy(z) =ZZ

(3.6.1.6)
=l+z2 422 +..+z2

1
-]

—-(M-1)

(3.6.1.7)
Ho(ejw) =

1—e /M

11—

* sin —
2

Tir day ta c6 thé biét quan hé gitta Hy(z) va H(z) nhu sau:

H, (z)= Ho(zw:a)

va

(0 2E
H, (¢")=H,(¢" " ™")

vy Hi(¢’®) H(e) chinh 14 phién ban tré tan sb di mot luong - % k cia Hy(e")

(3.6.1.8)

(3.6.1.9)

(3.6.1.10)

Hinh (3.6.1.8) s& minh hoa cho ta & quan hé giita H,(¢'®) va H,(¢®) .Ttt day chung
ta co thé suy ra mbi quan hé giira cac H, (¢°) v6i (0< k< M- 1).

A

Ho(ejm)

-~

2 o 2m
M M

\N“
Q;
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Ho(ejw)

\ IVl

v

I
2r
M
2n w
Hinh 3.6.1.10

e) Bi¢u dién nhiéu pha bank loc s

*Biéu dién nhiéu pha loai 1 d6i v6i bank loc phan tich

Trong biéu thirc (3.4.2.1) ching ta c6 thé biéu dién nhiéu pha loai 1 M thanh phan

dbi voi ham truyén dat H(z) nhu sau:

H(z)=Y 7"E, (")

Ddi véi bank loc s phan tich gdm M bo loc c6 ham truyén dat 1a Hy(z), Hy(2), ...,
Hu.1(z) vay v6i mdi ham truyén dat Hi(z) chung ta c6 thé biéu dién dudi dang phan
hoach nhiéu pha nhu sau:

H(z)=A§z"”.Ekm(zM) (3.6.1.11)

Chung ta c6 thé viét biéu thire (3.6.1.11) duéi dang sau ddy doi v6i timg Hy(z)
H,(2) =1.E, (2" )z Ey, (2" )+..42MD E ., (2™)
H,(2) =1.E (2" )Yz E,,(2")+.+z™D E, ., (")
H;H (2)=1.E, @)z B, @)+ .4z E, ., @)
Tir day chung ta c6 thé biéu dién biéu thirc (3.6.1.13) dudi dang ma tran sau :
H(z)=E(z").z™
(3.6.1.12)

vOi
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Hy(2) =

G R PR
H,, (2) Z_(;,,_])
Eoo(zM) Em(ZM) EOM—I(ZM)

E(ZM)= EIO(.Z ) En(.z G El.M-l:(Z )

H
. e

EM—I.O(ZM) EM—I.I(ZM) oo By ipa (z")
Ma trdn E (ZM) goi 1a ma tran loai mot M thanh phén dbi véi bank loc phan tich.

Hinh 3.6.1.11 s& minh hoa céu trac nhiéu pha loai mot M thanh phan d6i v6i bank
loc phéan tich .

* Biéu dién nhiéu pha loai 2 doi véi bank loc téng hop.

Trong biéu thirc (3.4.3.2) ching ta da c6 biéu dién nhiéu pha loai hai M thanh phan

dbi voi mot ham truyén dat G(z) nhu sau :

M~1
G(z) =Y,z ™"™F, (z") 0<m<M-1

m=0

Pbi vai bank loc sd tong hop gdbm M bo loc c6 ham truyén dat 13 Go(z), G,(2)...,
Gu.1(z). vay d6i voi mdi ham truyén dat G, (z) chung ta c6 thé biéu dién dudi dang phan
hoach nhiéu pha loai hai M thanh phan nhu sau:

M-1
G(2) = D,z "™EF, (2")
m=0

(3.6.1.13)
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>—>| Ho(z) —> Z:i —>
z
H\(z) >
— ECD

> HQ

l

—)Z-l—-) > —-)D—-)

Hinh 3.6.1.11

Khai trién biéu thtc (3.6.1.13) ddi véi timg ham truyén dat G(z) ching ta c céc
biéu thurc sau:

Gy(z) = Z_(M_I)E)o (ZM )+ Z_(M_2)F;o (ZM) +..+1 ‘FM—LO(ZM)

G(2)= 27 F,(z")+ 27 MR, (z") +..+1 Frag (")

G, (2)= z"(M‘”E,’M_1 ")+ z'“‘”"”]*’;’M_l (z")+..+1 .FM_W_I(ZM)
Tir day chiing ta c6 thé biéu dién biéu thic (3.6.1.13) dudi dang ma tran sau:

C_;I (Z) = Z_(M_l).Zm’.E(ZM)

(3.6.1.14)
Vo1
G'(2)=[G,(z2) G/(2) .. G,(2)]
z" =[1 z ¢ . zM":]
Fo(2)  Fy(@") o Fou(2Y)
F(ZM) - F;o(ZM) EI(ZM) E,M—I(ZM)
FM—I,O(ZM) FM—],](ZM) FM-—I,M—I(ZM)
Ma tran F (z*) 1a ma tran nhiéu pha loai hai M thanh phan déi v6i bank loc tong
hop.
Hinh 3.6.1.12 s& minh hoa cdu trac nhiéu pha loai hai M thanh phan ddi véi bank
loc tong hop.
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£(2)

>—>] Go(Z) >
> Gy(2) :C) —
s
>—> Guni(2) »é —
Z—l
Hinh 3.6.1.12

3.6.2. BANK LOC SO NHIEU NHIP HAI KENH

a) Bank loc s6 nhiéu nhip hai kénh va bank loc gwong ciu phwong QMF

Trong phan trén, khi xét bank loc sb, sau khi bank loc phan tich ching ta s& thu
dugc tin hi¢u dai con (subband) x; (n) < k< M — 1). Sau d6 ching ta da nghién ctru bank
loc s tong hop. Bay gio ching ta s& két hop bank loc s6 phan tich va bank loc s tong
hop v6i cac bo phan chia va ndi suy dé tao ra bank loc sé tong hop nhiéu nhip. Trudc hét
ta nghién ctru trudng hop M=2, ta goi 1a bank loc s nhiéu nhip hai kénh, bank loc sd

nhiéu nhip nay duoc minh hoa trén hinh 3.6.2.1.

Trong bank loc ) phan tich cho trén hinh 3.6.2.1 ta théy rﬁng Hy(z) 1a bo loc )
thong thap, con H(z) 1a bo loc sd thong cao. Khi thiét ké cac bo loc sb nay s& khong thé
dat duoc 1y tudng, tat nhién ddi véi ca bo loc s6 Go(z) va Gy(z) & bank loc téng hop, nén

tin hi€u ra X (n) cua bank lgc s6 nhiéu nhip nay s€ khac véi tin hi¢u vao.

x(n) . x(n)

—> Ho(z)

Xo(n)

vo(n)

Yo(n)

¥’o(n)

» 2

12

Y.

Hi(2)

x1(n)

vi(n)

yi(n)

Go(2)

T

Bank
loc phin

Hinh 3.6.2.2 s& minh hoa mdt vai truong hop cia dap ung bién do [HO(E”)| va

[Hi(e)].

\ 4

V2
T

phin
chia

12

T

Nai
suy

Hinh 3.6.2.1

> Gi(2)

T

Bank
loc tdng

y'i(n) N

x(n)

Nhin vao hinh 3.6.2.2 ta thay rang [Ho(¢/%)| va [H,(¢/*)| quan hé sau day:

| Hy(e’") =] Hy (')
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T 2m | . A A
— = — ftrén truc tan sO ®
2 4
thi [H,(¢/“)| s& 14 anh guong cua [Hy(¢)), va theo thang tan sé goc chuan hod boi tan sd

Va néu ta tudng tuong dit mot gwong phang vao vi tri

ldy miu Fs thi % chinh 12 mot phan tu tin sd 1y mau. Chinh vi viy bang sd loc nhiéu
nhip cho trén hinh 3.6.2.1 duogc goi 1a banh loc sO guong cau phuong (Quadrature mirror
filter bank: QMF), va chung ta ky hiéu bo loc ndy bang ba chit dau cia tiéng anh: QM.

Trong bank loc QMF nay c6 ba loai sai s6 c¢6 thé sinh ra 1a: sai s6 do thanh phan hu
danh (aliasing) cta [Ho(¢/*)| va [H;(¢/“)| sai s6 do méo bién d6 va sai s6 do méo pha.

Con néu dang tin hiéu ra xau gidng hoan toan tin hiéu vao % (u), tirc 1a:
X (n)=cx(n-n,) (3.6.2.2)
(c 1a hang s6)

thi bank loc QMF nay dugc goi 1a bank lopc QMF khoi phuc hoan hao (Perfect
Reconstruction: PR) va ky hi¢u 1a PR QMF.

Chu ¥ rang thuat ngit bank loc sé guong cau phuong (QMF) duoc giai thich ddi véi
bank loc s hai kénh, nhung sau nay ta ciing dung thuat ngit nay ddi véi bank loc s6 M
kénh.

Eo(z3)=—% s E1(23)=‘_% va Ez(z3)= az B
_ l-a'z l-az l-a'z
Hay v& cdu triic nhiéu pha 3 thanh phan cua H(z).
Giai
CAu trac nhiéu pha 3 thanh phan cua H(z) dugc cho trén hinh (3.4.2.2)

A HAD  HE

a)

\ 4

D, 4

A\ 4

\ 4

d)

A

SRR

\Guong z
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(a). truong hop bé loc sé Iy tuéng,
(b), (c),(d). cdc truong hop bé loc s6 khdng 1y twng
Hinh 3.6.2.2
Vi du 3.6.2.1:

Gia sir chiing ta c6 bank loc s6 QMF cho trén hinh 3.6.2.1 , H,(z) = G(z) 14 cac bd
loc s6 thong thap 1y tudng vai tan s6 cit o, = > 72 , Hi(z) = G1(z) 1a cac bo loc s6 thong
cao 1y tuong véi tan sb cit @, = 7/2. Cho phd cua tin hiéu vao x(n) 12 X(¢'®) c6 dang nhu
trén hinh 3.6.2.3 sau day:

X(*)
1
\/\ | /;\/ R
=2 T 0 V4 27 ®
Hinh 3.6.2.3

+ Hay v& X, (e’*), V,(e’*),1,(e’*),Y ", (e’)

+Hay vé& X (), Vi(e/"),X,(e”),Y ' (e”*)
+ Hay vé& X(e’?).
Gidi:

D) thi tan sb yéu cau vé& dugce cho trén hinh 3.6.2.4.

Trén hinh 3.6.2.4 ta thiy rang néu cac bd loc s6 cta hai bank loc phan tich va tong
hop déu 1a céc bd loc sb 1y tuong thi s& khong gay ra cac thanh phan hu danh (aliasing),
vay ta thiy dang cua tin hiéu ra khoi bank loc QMF nay X(¢'®) ) gidng hoan toan dang
ctia tin hiéu vao bank loc X(¢/®) , chi khac nhau hé s %.

b) Phén tich céc sai s6 trong bank lgc s6 nhiéu nhip

* Sai $6 do thanh phan hir danh

Trén thuc té ta thdy rang cac bd loc sé Hy(z)va H,(z) khong thé dat 1y tuong nhu
trén hinh 3.6.2.2. Trén hinh 3.6.2.2 (a) 1a trudng hop 1y tudng thi s& khong gay ra sai sd
hu danh tirc 12 s& khong giy ra chong phd dbi voi tin hiéu ra khoi bd phan chia 12 1a
Vo(@®) va V,(¢) theo so d6 trén hinh 3.6.1.1 va bé rong cua dai théng va dai chan trong
truong hop 1y tudng ding bang 7/2 va bé rong cua dai qua 46 Am = 0. Con trén hinh
3.6.2.2 (d) 1a trudng hop cac bo loc khong 1y tuéng nhung ciing khong gy chong pho ddi
v6i V(&) va V(€' ,tire 1a thanh phan hu danh khong xuét hién. Nhung bé rong cua dai
thong s& nhé hon n/2 va bé rong cua dai chin s& 16n hon /2, trong trudng hop hinh
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3.6.2.2 (d) nay néu ta chon bé rong cua dai qua do rat hep thi s& gan dat Iy truong va
khong gay chong phd, nhung cac bo loc s6 s& rat dat tién.

Trong truong hop hinh 3.6.2.2(b) va (c) s& gy hién twong chdong phd, tirc 1a cd
thanh phan hu danh xuét hién voi tin hiéu Vo(e'®) va V;(¢'®). Nhung thanh phan hu danh
(aliasing) c6 thé khir dugc néu ta thiét ké can than bank loc tong hop dé bu lai thanh phan
hu danh do bank lgc phan tich gay ra.

1 Xo(e’)
m (
! | | | | N

-2 - 0 /4 27 O]
y
2
1
\/] M 2
| |
2 -7
3 1
2
| | L 1
2 - 0 T 2n Q)]
Vi(e”™) -
4

v

27 -x 0 7

2x
Yo (e”)
1
b1 | | | 1 | I I T
F 4 2z
)
4 2z

v

s

mem

0
27 -7 0

v
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v

K(e™)

2 -7 0 x 2 ®

\ 4

Hinh 3.6.2.4
* Biéu thirc ciia tin hiéu dwoc khéi phuc % (n)

Trén hinh 3.6.2.1 ching ta c6 hai tin hi¢u ra khoi bank lgc phan tich 1a x;(n) voi k =
0 va 1. Vay ta c6 thé viét trong mién n nhu sau:

xXi (n) = hy(n).x(n) voik=0; 1 (3.6.2.3)
Trong mién z ta cé:
Xi(z) = Hi(z). X(z) (3.6.2.4)

Tt day ap dung cong thirc (3.2.2.5) véi hé sé phan chia M = 2 ddi véi tin hiéu can
phan chia Vy(n) trong mién z ta co:

1
V()= %Z X, ("% e™) =%[Xk ")+ X, (-2'"")] (3.6.2.5)
1=0
Thay Xk(z) tir biéu thirc (3.6.2.4 ) ta co:
V.(2)= %[Hk (@)X (24 H (-2 DX (~2)]  (3.6.2.6)

Ta thiy rang thanh phan thir hai trong biéu thirc (3.6.2.5) ciing nhu (3.6.2.6) chinh
1a thanh phan hu danh ma ching ta can phai khir di.

Pé tinh bién d6i z cla cac tin hiéu yx(n) sau khi ra khoi bo ndi suy ap dung biéu
thire (3.2.3.4) chiing ta c6 thé viét voi M = 2 nhu sau:
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Yk<z>=n(z2>=%[X,,(z>+Xk(—z>]

— —;—[Hk(z).Xk(Z)'*'Hk("z)'Xk(—Z)]

(3.6.2.7)

Sau khia khoi cac bd loc tong hop Gy(z) va G,(z) chung ta thu duoc tin hiéu ra dugc
khoi phuc nhu sau:

X (z) = Gy(z).Yo(z) + Gyi(2).Y(z) (3.6.2.8)
Thay vao biéu thirc (3.6.2.7) ta co:

X’(z) = —;—{Go(z)[Ho (2)X(2)+H, (—z).X(—z)]
+G,(2) [H1 (2)X(@)+H/(-2).X (—z)]}

2(2) =[Gy () Hy(2)+ G () H, (D] X (2)
2

+—;—[Go(z).H0 (-2)+G,(2).-H(-2)| X (-z) (3.6.2.9)

Chtng ta co thé biéu dién duéi dang ma tran sau:

H,(z) H/(2) ) (Go(z)

J (3.6.2.10)
Hy(-z) H,(-2))\G(2)

2X(z)=(X(2) X(—z))(

Goi :

X(2)= X(2) H(z)= H(z) H(z) G(2) = G,(2)
) Hy(=z) H(-2) G/(z)

Ta co:
2X(z) = X' (2).H(2).G(z) (3.6.2.11)

Ma tran H(z) duoc go 1a ma tran thanh phan hu danh. Trong muc 3.2.2 ching ta da
xét thanh phan hu danh(aliasing) 1a do bd phén chia sinh ra, con trong muc 3.2.3 chung ta
d3 xét phd phu (imaging)la do bd ndi suy sinh ra.

* Khir thanh phan hw danh

Trong muyc 3.2.2 ta biét rang thanh phan hu danh chinh 14 X(-z) vy muén khir
thanh phan hu danh chiing ta chi viéc cho triét tiéu dai luong ding trude X(-z) trong biéu
thure (3.6.2.9), tuc la:

Go(z).-Ho(-z) + Gi(z).H)(-z) =0

{ G,(2) = H,(~2)

G(z)=-Hy(~2) (3.6.2.12)

Chung ta c6 thé viét lai biéu thire (3.6.2.9) nhu sau:
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X (z) = Ty2)X() + Ti(z)X(-z) (3.6.2.13)
To2) = < [Gol2).Hofe) + Gifz).Hif2))
vOl

T)(z) = S [Go(z).Ho(-z) + G(z).H,(-2)]

1
2

Pé khtr thanh phan hu danh theo (3.6.2.12) thi T(z) = 0 vy c6 thé viét T(z) = 1
nhu sau:

X(2)=T(2)X(2) (3.6.2.14)
=[Gy Hy(@)+ G H (D] X ()

Nhan xé&t

Pé khir thanh phan hu danh, tirc 12 phai thiét ké cac bo loc s6 1y tudng, thi diéu nay
rat 12 kho khan va néu c6 tao duge cac bd loc sb g?m 1y tuong thi rat 1a ton kém. Vay
trong ky thuat bank loc s6 nhiéu nhipqmf, nguoi ta cho phép c6 thanh phin hu danh
nhung trong bank loc phan tich thi Hy(z) c6 thé bu H,(z) sau d6 chon bankloc tong hop
sao cho thanh phan hu danh cua nhanh trén bu cho thanh phan hu danh ctia nhanh dudi.

* Méo bién do va méo pha
Theo biéu thirc (3.6.2.14) ta co:
X (2) = To(2)X(t)

Tu2) = S [Gul2).Hofe) + Gifz). Hi()

Piéu kién khir thanh phan hu danh duoc cho trong biéu thirc (3.6.2.12), thay vao
To(z) ta co:

Ti2) = S [Gul2).Hof2) + Gifz).Hi-)]

Trong mién tin sd ® ta co:
X (€°) = To(¢9).X(/) (3.6.2.15)
Néu biéu dién T,(¢’*) dudi dang modulva argument ta co:
To(¢”) = [To(¢)]. &
= X (&)= |To(d).d"” X() (3.6.2.16)
Theo biéu thirc (3.6.2.16) ta thdy rang néu To(e") 12 bo loc s6 thong tét (Allpass)
pha tuyén tinh, tirc 1a To(¢/) c6 dang sau day:
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|Ty(@)| = c v6i moi w (c: hang s6)
va:
o(w) =-aw (3.6.2.17)
Thi bank loc QMF s€ khong gady méo bién d¢ va méo pha.
=  X(”)=ce’™X(’)

X(2)=cz*.X(2)
(3.6.2.18) #(n)

Viy trong mién 7 ta cé:
x(m) =cx(n-a) (3.6.2.19)

Luc 4y ta néi rang bank loc sé QMF 1a banh loc sé khéi phuc hoan hao (perfct
reconstruction: PR) tin hi€u vi tin hi¢u rax(n) chi sai khac véi tin hi€u vao x (n) theo h¢
s6 ti 18 ¢ va bi tré di mot lugng 13 e

¢) Bank loc QMF 2 kénh khong c6 hu danh

Chung ta thay rang ddi v6i bank loc s6 QMF cho trén hinh 3.6.2.1 quan hé giira
Hy(z) va H,(z) phai tuan theo biéu thirc sau day:

H,(2) = Hy(-2) (3.6.2.20)
hodc Ho(z) = Hi(-z)

Ddi v6i bank loc QMF thyc hién duoc veé Vit 1y thi cac h¢ s6 cua cac bo loc s6 trong
bank loc phai 1a thuc, tirc la:

| Hy (™) [ Hy (™) IH Hy(e7/™) |5 Hy (") | (3.6.2.21)
Thay biéu thirc (9.6.2.20) vao biéu thiic (3.6.12) ta ¢6 diéu kién triét tiéu thanh phan
hu danh nhu sau:
Go(z) = Ho(2)
Va Gi(z) = -H(2) (3.6.2.22)

Nhin vao cac biéu thirc (3.6.2.20) va (3.6.2.22) ta thay rang ca 4 loai bo loc s6
Ho(2), Hi(2), Go(z) va Gy(z) trong bank loc s6 QMF 2 kénh déu duoc xac dinh chi bai
mot bo loc sb Ho(z). Nhu vay dé hinh thanh bank loc s6 QMF 2 kénh chung ta chi can
thiét ké mot bo loc sé Ho(z) 1a du.

Thay vao biéu thirc (3.6.2.14) ta co:

¥@) =3[ B0 - H @)X = M@ - Hi-2)] X@)
(3.6.2.23)
o day:
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1
1,2 =5 Hi (@)= Hi (-2)]
Viy trong mién tan sd o ta co:
V(L J0N 1 20 joN _ pr2,/(e-x) jo
X(e) =2 Hote) - Hy(e" ™) [ X (&)

d) Bi¢u dién theo phan hoach nhiéu pha bank loc s6 QMF

Chung ta c6 thé biéu dién bank loc phén tich va bank loc tong hop theo phan hoach
nhiéu pha ham truyén dat Hy(z).

Theo phan hoach nhiéu pha loai 1 hai thanh phan ta cé:
Hyz) = Eo(z°) + 2 . Ei(Z) (3.6.2.24)

Ma theo biéu thirc (9.6.2.20) ta c6 H;(z) = Hy(-z) vay voi Hy(z)ta co thé viét nhu
sau:

H,(z) = Eo(z)) + ' .E\(2Y) (3.6.2.25)

C6 thé viét dudi dang ma tran nhu sau:
Hy(2) (11 E,(z%)
Hz) | U -1){zE(z?)
(3.6.2.26)

Dbi vai bank loc tong hop Gy(z)va Gy(z) ,theo biéu thic (3.6.2.22) ta c6 thé viét:
Go(z) = Eo(z") + 2 .Ei(2)
Gi(z) = 7" Ey(z") — Eo(2))

C6 thé viét dudi dang ma tran sau day:

1 1
(@@cmm4faw)&w»L_J

(3.6.2.27)

Dua vao biéu thirc (3.6.2.24) va (3.6.2.25) chiing ta s& v& dugc ciu truc nhiéu pha
ctia bank loc phan tich va bank loc tong hop, cic ciu triic ndy duoc minh hoa trén hinh
(3.6.2.5).
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X(n) E()(zz ) X()(n)

xi(n)
Ei(2?))]
-1
Bank lgc phén tich
yO(n) E](zz )
-1
yi(n)
Eo(z?)
-1 _ #(n)
Bank loc tdng hop
Hinh 3.6.2.5

Tir hai bank loc s6 phan tich va tong hop trén hinh 3.6.2.5 két hop véi cac hé thong
phan chia va ndi suy s& cho ta bank loc s6 QMF 2 kénh dudi dang ciu triic nhiéu pha
dugc cho trén hinh 3.6.2.6 (a) va (b).

(n) -
Fol =) DT 2}-{T> $DL
. -1
Ei(z* 1y 115 B
! a) ! Xo(n
(n) 1 5 [ Eo(2) 1(2) Newn
-1
19 [ Ei(2?)) Eo(z) 211
Xo(n

Hinh 3.6.2.6
3.6.3. BANK LQC SO NHIEU NHIP M KENH

a) Bank loc s6 QMF M kénh

Phan trén chung ta da nghién ctru bank loc s6 nhiéu nhip 2 kénh QMF. Trong phan
nay ching ta tong quat hoa cho truong hop bank loc s6 nhiéu nhip M kénh va chung ta
van goi 13 banh loc s6 QMF M kénh.

So do tong quat cta bank loc s6 QMF M kénh dugc cho trén hinh 3.6.3.1 sau day.

b) Biéu thirc cia tin hiéu dwgc khéi phuc x (n)
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Nhin véo hinh 3.6.3.1, chiing ta c6 thé viét trong mién » nhu sau:
xi(n) =x(n) * hy(n) = hy(n) * x(n) (3.6.3.1)
Tuong Gng trong mién z ta co:
Xi(z) = X(z).H(z) = Hi(z).X(z) (3.6.3.2)
Theo biéu thirc (3.3.1.6) ta ¢ biéu thirc cua tin hiéu sau khi ra khoi bo phan chia

trong mién z nhu sau:

1 M-1
V(2)=—2 X, @™.Wy)
M=

M-1
=% H @M W)X W) (3.6.3.3)
1=0
X(n) ) yo(n) ¥o(n)
Ho(2) M ™ > Go(z)
xi(n) vi(n) yi(n) y’1(n)
Hy(2) > |M > M G1(2) >\!D
Y

\ 4
Y

Hy. M ™ Gu. ﬁé—’

y'm1(n) o
7 1 i

Bank phén “Nai Bank
loc phan chia suy loc téng

Hinh 3.6.3.1

Theo biéu thirc (3.2.3.4) ta ¢6 biéu thirc cua tin hiéu sau khi ra khoi bo noi suy trong
mién z nhu sau:

n(z>=r/k(z“)=ﬁz'xk(z.w;4)
1=0

M-1
=A—14"2Hk(z.W&)X (2.Wyy) (3.6.3.4)
=0

Va cuoi cung chung ta cé tin hiéu dugc khoi phuc & dau ra ctuia bank loc s6 M kénh
nay nhu sau:
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X(@) = YY,(2
k=0
Y, = Y(2)G(2) = G, (2)Y,(2)

P ORI WACINC

M-1

- L
k=0 M =0

M-

—

H, (zW\)X(z.W).G,(2)

N M-
= X2 = ﬁz X(z w;)ZH (z.W,).G,(2) (3.6.3.5)
=0 1=0
Chung ta c6 thé viét lai dudi dang sau day:
R M-1
X(z) = Y T(2)X(z.Wy) _ (3.6.3.6)
=0 -

v6i T.(z) = —AIZMZ:H,((Z.W;A).G,‘(Z) (3.6.3.7)

¢) Biéu dién nhiéu pha bank loc s6 nhiéu nhip M kénh

Trong phan trén chiing ta da xét biéu dién nhiéu pha bank loc sd, két hop véi cac hé
théng phan chia va ndi suy chung ta c6 so do biéu dién nhiéu pha bank loc s nhiéu nhip
QMF M kénh dugc minh hoa trén hinh 3.6.3.2:

Y M | ™M

Z—l
™M > M ]
£(z")

Z-,

x(n)

Hinh 3.6.3.2

Chung ta c6 thé chuyén so dd trén hinh 3.6.3.2 thanh so d6 hiéu qua hon dé thuc
hién cAu trac nhiéu pha bank loc s6 nhiéu nhip QMF M kénh, cdu trac hiéu qua ndy dugc
minh hoa trén hinh 3.6.3.3.

Trong c4u trac nhiéu pha hiéu qua trén hinh 3.6.3.3 ta thiy rang cac hé sd cua cac
b6 loc s6 (hé s6 ctia cic ma tran F(z) va E(z) ) s€ thao tac v61 nhip 14y mau thp hon (tirc

1a tan s6 14y mau thap hon va chu ki 14y mau 16n hon).
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N q N3
Z»I
> E(2) g SEX
- +(2)

.z"

> > > ™M %
x(n)
Hinh 3.6.3.3

Nhin vao so do trén hinh 3 chung ta c6 thé két hop ma tran F(z) va E(z) tao thanh

ma tran R (z)v#m sau:
R (z)msm = E(2). E(2) (3.6.3.8)
Ma trdn R (z)m=m duoc goi 1a ma tran nhiéu pha.

Vay chang ta c6 thé don gian hoa so do trén hinh 3.6.3.3 thanh so do trén hinh
3.6.3.4 sau:

. | tMm
Z-l
é(z) > tM
z—l
> S ™M i
x(n)
Hinh 3.6.3.4

3.6.4. HE THONG KHOI PHUC HOAN HAO (PERFECT RECONSTRUCTION)
a) Hé thong khéi phuc hoan hdo don gidan

Trong cac muc tiéu trén ching ta da noi dén h¢ thong khoi phuc hoan hio (PR), tirc
1a tin hiéu ra chi sai khac tin hiéu vao mot hé so ty 18 va hé so tré. Gia sir xau 1a tin hiéu

ra, x(n) la tin hi¢u vao, ta ¢ 6 quan h¢ sau:
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X (n) = c.x(n —ny) (3.64.1)
Hinh 3.6.4.1 cho ta mot vi du vé bank loc sb khéi phuc hoan hao 2 kénh rat don

gian, chi dung cac bg tre.

yo(n)

vo(n)

¥a 1% %9 |

*n) -

*2 vi(n) -l L )

Hinh 3.6.4.1
Ho=1;H(z)=2"
Go(z) =z; Gy(z) =1 (3.6.4.2)
So sanh so dd 3.6.2.1 cua bank loc s6 nhiéu % (n), QMF 2 kénh véi so db trén hinh
3.6.4.1 ta thay rang:
Theo biéu thirc (3.6.2.13) ta co:

T, = 1[Gy (2). Hy(2).+ G,(2).Hy(2)]

4z hH)=z"

3)

=)
";l\Jl'—‘M

(3.6.

1,2) = H{Go(DHy(-2)+ G (), (-2)]

= %(z'l -z7)=0
(3.6.4.4)
_ X(2)=T,(2).X(2)=z"'X(2)
(m) = x(n-1)
(3.6.4.5)

Vi du 3.6.4.1:

Cho tin hi¢u xau c6 dang sau:

-2
x(n) = 4 0<n<4
0

Tin hiéu nay di vao hé théng khoéi phuc hoan hao 2 kénh cho trén hinh 3.6.4.1.

Hay dung d6 thi thao gian giai thich dang cta tin hiéu ra % (n).
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Gidi:

Pé giai thich dang cta tin hiéu ra % (n), chung ta dung d6 thi thoi gian cho trén hinh

3.64.2.
1 x(n)
0.5 | ’ |

v

v

v

v

0.5

|
01 23 456 789

Hinh 3.6.4.2

v
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B) H¢ thong khéi phuc hoan hdo don gidn M kénh
Phan trén ching ta da xét hé thong khoi phuc hoan héo 2 kénh.
Trong phan ndy chung ta tong quat hoa cho trudng hop M kénh.

Hinh 3.6.4.3 cho ta so d6 tong quat cua bank loc khoi phuc hoan hao don gian M
kénh.

X(n) v M ™™ ]
Z—l
M|
Z—l
™ » +M —-)é—»
x(n)
Hinh 3.6.4.3

Dua vao hinh 3.6.4.3 ta thay rang cac bo loc phén tich va tong hop sé& c6 dang sau:

H, (2)= z™*
G(2) =z ¥+
0<k<M-1 (3.6.4.6)

. X(2)=z%"D X(2)
va .
x(n)=x[n—(M -1)]
(3.6.4.7)
¢) Hé thdng khéi phuc hoan hao tong quat

Chung ta vira xét sang cac hé théng khoi phuc hoan hao don gian chi ding cac day
tré, vay theo hinh 3.6.3.4 va biéu thic (3.6.3.7) thi 13 rang ta c6 quan hé sau:

R(@)=E@E@=1
(3.6.4.8)
I : 1a ma trdn don vi M*M

Néu R(z) thoa man diéu kién (3.6.4.8) & trén thi so do trén hinh 3.6.4.3 s& tuong
g véi so do trén hinh 3.6.3 4.

Nhung trong thuc té diéu kién can va du dbi vai mot hé théng khoéi phuc hoan hao
1a chiing ta s& dung cac bo loc FIR va IIR, viy rd rang 1a diéu kién (3.6.4.8) s& dugc thay

béng diéu kién thuc hién trong thuc té nhu sau:
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R(z)=F(2).E(z)=cz™.1

(3.6.4.9)

hoac:
E(z)=cz ™ E"\(2)

(3.6.4.10)

Piéu kién (3.6.4.10) chinh 1a quan hé gitta bank loc phan tich va bank loc tong hop
ctia bank loc sb QMF khoi phuc hoan hao.
3.6.5. MA HOA DAI CON VA CAU TRUC DANG CAY CUA BANK LOQC SO
QMF

a) Ma hoa dai con

Trong cic phan trén chung ta dd nghién ciu cic bank loc s6 nhiéu nhip. Mot ting
dung rat quan trong cua bank loc sb nhiéu nhip nay 1a dung ma hoa dai con va giai ma dai
con. Bon gian nhat 1a dung bank loc sb hai kénh dé ma hoa 1am 2 dai con dugc minh hoa
trén hinh 3.6.5.1 sau day:

Yo(n) .
xo(n) vo(n) Yo(n)
Hi(») [~ 12 Kénh 112 1 o2 ]
X truyén A
dén
xi(n) vi(n) » () A x(n)
He ]2 »12 2 e -
Yi(n)
Mai hoéa Giai
Hinh 3.6.5.1

M3 ho4 dai con rat thun tién cho viéc nén dir liéu tiéng néi boi vi dbi véi tin hidu
tiéng noi thong thuong ning luong ciia pho tin hiéu phan bd khong déu, nang lugng phd
tiéng néi cha yéu tap trung & mién tan sb thap, con & mién tan sd cao ning luong cua phd
tiéng noi rat nho.Vay sau khi qua banh loc s6 QMF trén hinh 3.6.5.1 ta c6 2 tin hiéu dai
con Xo(¢'®)) 1a phd tan s thip s& co nang lwong 1on vay ta ma hod tin hiéu dai con Xo(n)
v6i 86 bo 16m, con X;(¢'® ) 1a phd tin s cao c6 nang lugng nhod vy ta ma hoa tin hidu dai
con x,(n) v&i sd bit it hon. Vay tinh téng cong s6 bo ma hoa tin hidu x(n) c6 phd 1a X(ej‘”)
s& nho hon néu ta ma hoa s6 bo 16n dbi voi toan bo dai phd cua X(e'®).

P4i voi tin hiéu hinh anh, ma hoa dai con cling rat nhiéu hiéu qua cho viéc nén tin
hiéu hinh anh béi vi phd ning luong cia tin hiéu hinh anh ciing phan b khong déu nhau
vi vay mdi dai phd s& c6 ning lugng khac nhau, dai phd nao cé nang lugng 16n s& duoc
ma hod véi s6 bd 16n con dai thong nao c6 niang lugng nhé s& dugc ma hoa véi sd bit it
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hon. Hién nay thé gidi da dat dugc viéc ma hod tin hiéu anh chi véi 0,48bit/pixel ma van
khoi phuc hoan hao dugc tin hiéu anh (goi 13 hé thong PR 1bit). Luu ¥ rang thong thuong
trude day phai ma hoa vai 8bit/pixel.

N6i chung céc tin hiéu trong thuc t& c6 phan bd niang luong khong déu nhau vi vay
ma hoé dai con 1a rat thuan lgi cho viéc nén tin higu.

b) Céu tric dang ciy don phan giai(uniform resolution)

Vi ning luong cua phd tin hiéu thudng phan bé rat khong ddng déu trén toan bo dai
tan sd, vay dé ma hoa dai con hiéu qua cao chung ta s& ma hoa lam nhiéu ting, tirc 13 tng
1 chia thanh 2 dai con déu nhau (mdi dai co bé rong 1a 7/2) dén tang 2 ta lai phan 2 dai
con cua ting 1 thanh cac dai con c6 bé rong bing nira cta tang 1 (mdi dai c6 bé rong 13
/4) va ctr tiép tuc nhu vay chiing ta s& phan dai phd cua tin hiéu vao 1am nhiéu cac dai
va sau khi ra khéi bank loc phan tich bé rong pho ctia mdi tin hiéu dai con lam bang nhau
nén ta goi la phan giai.

Hinh 3.6.5.2 cho ta ciu truc dang cdy don phan giai ctia bank loc phan tich 4 kénh
(hinh (a)) va d6 thi tan s6 dé giai thich dap ng tin s cla cac bo loc trong blank sb 4
kénh (hinh (b)).

Hoe >} 2 —>

= Ha 14 2 | )
112 |
—>»
2(2)
—>[ Holn > l 2 >
X(n)
' Hok) (12
a)
Té“mg 1 | Ti"ing 2
A
Hy@™ | HMED) | HuEe | HAE")
Hu.|(e”] H::{é")
: l | |

Hinh 3.6.5.2
Hinh 3.6.5.3 cho ta cdu tric dang cdy don gian phén loc sd tong hop 4 kénh.
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—>12 GZZ (2) 'y
{}}J T2 ?1 Hoi(2)
—112 G?z(z) |
e
| x(n)
—{ 12 —HGLZ(Z) ‘A
C} > ? 2 » Hu(2)
12 P1GL@)
Tang 1 | Tang 2

Hinh 3.6.5.3

Ttr hinh 3.6.5.2 va 3.6.5.3 ta ¢6 cau trac twong duong ctia bank loc s6 4 kénh phan
tich va tong hop nhur trén hinh 3.6.5.4.

5 B > | 4 > 14 1
0
S
= v [ 4 > 14 Gi(2) D
&
> Hy2) 14 t4 > Gy2) >
| 0
L > H,(z) > l 4 > T 4 » Gsi(z) )() >
Bank lgc phén tich | Bank loc té hop
(ma héa) (Giai ma)

Hinh 3.6.5.4
¢) Céu tric dang cAy da phan giai (multiresolution)

CAu trac dang cdy da phan giai duoc dung trong trudng hop chiing ta phan tin hiéu
thanh cac tin hiéu dai con c6 bé rong pho khong bang nhau, vi vay ta goi 14 da phan giai.

Hinh 3.6.5.5 s& cho ta ciu triic dang cdy da phan giai ciia bank loc sé phan tich 2
tang (hinh (a)) va do thi tAn s6 giai thich dap tng tan sd cua cac bo loc sb co trong bank
loc s6 phan tich 2 tng nay (hinh (b)).
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Hoo) = 2 |—>

1 Hu(z) » 2
Ho — 2 —>
x(n)
__)
Hi\(2) » 2 >
a)
Tang 1 | Tang 2
A
HY(e™) HY(e™)
. Hoe H.e™
0 I I IT @
h) 4 2
Hinh 3.6.5.5

CAu trac dang cay da phan giai ctia bank loc s6 tong hop 2 ting dugc minh hoa trén
hinh 3.6.5.5.

Két hop 3.6.5.5 (a) voi hinh 3.6.5.6 ta suy ra cu tric twong duong cua bank loc sd
2 tang phén tich va tong hop dugc minh hoa trén hinh 3.6.5.7.
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U2 PGa®

) 4
BD—Fr >
by Gy (2)

—>t2 _)sz(z)

A i(n)
g 112 > G”(z)
Tang 1 | Téng 2
Hinh 3.6.5.6
X)) o{ue {14 714 > 6
TS
= 0@ 1) 4 » 14 M 6 >
y x(n)
~ ~ AL .
2 Hy () 77> ‘4 {14 G,(2) o
Bank lgc phén tich | Bank loc td hop
(mé héa) (Giai ma)
Hinh 3.6.5.7

3.6.6. KY THUAT GHEP KENH
a) Ghép kénh phan thoi gian (time division multiplex: TDM)

Pé mo ta ky thudt ghép kénh phan thoi gian ching ta gia st ¢6 L tin hiéu x,(n),
x1(n),.. , X, (n) cAn ghép kénh véi nhau theo kiéu ghép kénh phén thoi gian. Dé ghép
dugc kénh phén thoi gian, chung ta can phai cho céc tin hiéu nay qua cac bd ting tan sb
lay mau (bd ndi suy), sau d6 qua cac bo tré roi cong lai chung ta s& dugc mot diy tin hiéu
ghép kénh phan thoi gian.

So dd hinh 3.6.6.1 s& mo ta bo ghép kénh phan thoi gian.
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Xo(n) T
—_— >

— 1
Z—l
x1(n \
ORI
Y
i
X,4(m) AL
> Sk o>
y(n)
Hinh 3.6.6.1

Chung ta s€ giai thich nguyén 1y hoat dong cua bd ghép kénh phén thoi gian thong
qua vi du cu thé 3.6.6.1.

Vi du 3.6.6.1
Gia su ta c6 hai tin hi¢u xong va xy(n) nhu sau:

x,(n) =2rect;(n)

x,(n) = 1-% 0sn<4
n
0

Hai tin hi¢u nay can ghép kénh theo kiéu TDM.

+ Hay v& so dd ghép kénh TDM.

+Hay giai thich nguyén 1y ghép kénh TDM bing d6 thi thoi gian.
Giai

Theo hinh 3.6.6.1 thay L=2 ta c6 bo ghép kénh TDM dé ghép hai tin hidu x,(n) va
x1(n), so do cua bo ghép kénh dugc minh hoa trén hinh 3.6.6.2.

Xo(l’l) f2 yo(n)
-1
4 Yo(n-
W, e,
y(n  y(n)
Hinh 3.6.6.2

Do thi thoi gian giai thich nguyén 1y ghép kénh TDM cua so do trén hinh 3.6.6.2
duoc ninh hoa trén hinh 3.6.6.3.
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4 Xo(n)

=B /

0O 1 2 3 4 5 6 7 8 9
4 yo(n)

v

A yo(n-

v

l
v

v

Hinh 3.6.6.3
b) Tach kénh phan thoi gian
Nguoc lai voi ki thuat ghép kénh phan thoi gian. Gia st ta ¢ tin hiéu ghép L kénh
phan thoi gian 13 y(n), chung ta can tach thanh L kénh phan thoi gian 13 x.(n), x;(n).... ,
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X1 (n). Pé tach dugc kénh theo kiéu phan thoi gian, ching ta phai cho tin hiéu y(n) qua
b6 tré sau d6 cho cac bd phén chia. So d6 téng quat cua bo tach kénh phan thoi gian duoc
mo ta trén hinh 3.6.6.4.

Z(n) ] 1T L Xpa(n)

W L Xp-2(n)

B |, Xo(n)

Hinh 3.6.6.4

Sau day chung ta s€ giai thich nguyén ly hoat dong cua bo tach kénh phan thoi gian
thong qua vi du don gian vdi L=2.
Vidu 3.6.6.2

Chung ta quay lai vi du 3.6.6.1, ching ta co tin hi€u y(n) 1a tin hi€u ghép kénh phan
thoi gian cta hai tin hiéu xo(n) va x;(n) (xem hinh 3.6.6.3), bay gi' chung ta can tach tin
hi€u y(n) thanh hai tin hi¢u xy(n) va x;(n).

+ Hay v& so dd tach kénh

+ Hay giai thich nguyén 1y tach kénh bang so do thoi gian
Giadi:

Theo so do nguyén 1y tong quat cta bo tach kénh phan thoi gian cho trén hinh

3.6.6.4, thay L=2 ta c6 b0 tach tin hi¢u y(n) thanh hai tin hi¢u x¢(n) va x;(n). So dd cua
bo tach kénh duoc mo ta trén hinh 3.6.6.5.

Z(n) I l 5 _)Xl(n)
!
y(n-l*)—) L2 —> ol
Hinh 3.6.6.5

Do thi thoi gian dé giai thich nguyén 1y 1am viéc cua bd tach kénh phan thoi gian
trén hinh 3.6.6.5 duoc minh hoa trén hinh 3.6.6.6.
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4 y(n)

v

v

0 1 2 3 4 5 6 7 8 9

‘Iy(n-l)
| L
0

1 2 3 4 5 6 7 8 9

l XO(n)
0 1

2 3 45 6 78 9 n

\4

Hinh 3.6.6.6
¢) Ghép kénh phan tin s6 (Frequency division multiplex: FDM)

Gia str chiing ta ¢6 L tin hiéu 1a x¢(n), x;(n).... , X.; (n) c6 pho tuong ty 1a Xo(e),
X(&)...., x11(e"). Cac tin hiéu ndy cAn ghép kénh theo tdn sb. Dé thuc hién ghép kénh
theo tan s6 chiing ta c6 thé dung cac bd loc ndi suy véi hé sd ndi suy L, con goi 1a banh
loc tong hop. Hinh 3.6.6.7 s& mé ta ciu triic cia bd ghép
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X&) JACE)

ot N Fo(e”)
x:(e”) VACE) I
—t F@ P
Y

x.(e"”) y.e™ - i Y(e™)
th > (e) >

Hinh 3.6.6.7

A 4

Nguyén 1y hoat dong ctia bo ghép kénnh phan tan s6 duogc giai thich thong qua vi du
3.6.6.3.

Vi du 3.6.6.3:

Gia str cho hai tin hiéu x¢(n) va x;(n) c6 phd twong tng 1a Xo(e'®) va X,(¢"*) c6 dang
trén hinh 3.6.6.8 sau day:

X’
20 -1 0 o 2 0]
X"
-2n -1 0 n 2 0
Hinh 3.6.6.8

Hai tin hi¢u nay can ghép kénh theo kiéu FDM.
+ Hay v& so dd bo ghép kénh
+ Hay giai thich nguyén ky ghép kénh FDM béng db thi tan sé.
Giai:
Theo so dd tong quat trén hinh 3.6.6.7 thay L=2-ta c¢6 bd ghép kénh FDM dé ghép

hai tin hiéu x(n) va x,(n). So d6 ciia bd ghép kénh FDM nay dugc minh hoa trén hinh
3.6.6.9.
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X&) e ~ @
° R
X1(ejm) yl(e’“’) jo ylF(e : Ve
— > *2 F.(e) N
Hinh 3.6.6.9

H——

Y(™)

D6 thi tan s6 giai thich nguyén 1y ghép kénh FDM ciia so d6 hinh 3.6.6.9 duoc
minh hoa trén hinh 3.6.6.10.

A

x,(e’®)

v

=20 -1 0 2 0
A Jj
y.le)
=21 -1 0 I 2 0}
F.E"
| | | | r >
=21 -1 0 i 2 0}
0
)




Hinh 3.6.6.10
d) Tach kénh phén tan sb
Nguoc lai voi ki thudt ghép kénh phan tan sb, chiing ta gia sir ¢6 tin hiéu ghép L
kénh phan tan so 1a y(n), chung ta can phai tich thanh L kénh 13 x¢(n), X;(n),... , X..1(n) cd
phé tuong tmg Xo(e), Xi(€®).... , Xi.1(e"). Dé tach chung ra duge chung ta phai dung
cac bo loc phan chia voi hé s6 phan chia L, con goi 1a banh loc phan tich. So d téng quat
ctia tach kénh phan tan s6 duogc cho trén hinh 3.6.6.11.

y " — L X
———|H () e —
A\ N
L xE
£ 4 Hl (ejw) i’L 1[>

| = - L X1 (ejm)
H..(e) —"[>_—>

Hinh 3.6.6.11

Y

Vi du 3.6.6.4 s€ trinh bay cho chung ta rd nguyén 1y hoat dong cua by tach kénh
phan tan.

Vidu 3.6.6.4:

Chung ta quay lai vi du 3.6.6.3, chung ta c6 tin hiéu y(n) c6 phd 1a Y(¢'°) 1a tin hiéu
ghép kénh phan tin sé cua hai tin hiéu x¢(n) va x;(n) c6 phd twong tmg 1a x,(c'®) va
x1(¢"®) (xem hinh 3.6.6.10), biy gid chung ta cin tach tin hiéu y(n) thanh hai tin hiéu
Xo(n) va x;(n).

+ Hay vé& so d6 tach kénh

+ Hay giai thich nguyén 1y tich kénh bang so d6 tan sd
Giai

Theo so dd nguyén 1y tong quat cta bo tach kénh tan sd cho trén hinh 3.6.6.11, thay
L=2 ta c6 bd tach kénh dé tach tin hiéu y(n) c6 phd 1a Y(¢/®) thanh hai tin hiéu x¢(n) va

x;(n) c6 phd twong tmg 1a Xo(e®) va X,(¢"). So dd cua bd tach kénh véi L=2 nay dugc
cho tré n hinh 3.6.6.12.
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) JACE) 2 xE

——>|H,(") {12 —>——>
\4 . .
ACH 2 xe
I H.( 2 D—
Hinh 3.6.6.12

Db thi tAn sb giai thich nguyén 1y tach kénh FDM phan tin s6 cua s o dd trén hinh
3.6.6.12 duoc mo ta trén hinh 3.6.6.13.
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A\ 4

A 4

\4

-

\ 4

=21 -1 0 n 2 ®

Hinh 3.6.6.13
e) Chuyén doi ghép kénh (transmultiplexer)

Trong cac phan trén chung ta da tién hanh nghién ciru k¥ thuat ghép kénh trong
mién thoi gian (TDM) va trong mién tan sé (FDM).

Con hinh 3.6.6.14 s& mé ta chuyén ddi ghép kénh
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TDM —> FDM — TDM.
H.e™ tlb—

— St L S F.ED

L 4
Y
i e 5 i ~
TL — F1(€J ) ’Ef v Hl(ej ) vv >
Y
> 4E ;FL_1 (ejw) L—_)HL-l(ejw) > l P
FDM
TDM T T TDM
Bapk loc Bank loc
10 hop phan tich
Hinh 3.6.6.14

3.6.7. CAC HE THONG AUDIO SO

Chung ta biét rang tin hiéu twong tw nay. Dé tranh nhiu ngoai dau tan mong mudén
(out-of bang noise) thi truéc khi lay mau, tin hiéu audio X,(?) s& duoc cho qua bd loc
tuong ty, nhung dé tranh hoan toan nhidu ngoai dai tin nay thi bo loa tuong tu phai gan
v6i 1y tuong, didu nay rat khé 1am d6i véi bo loc twong ty. Dai tn sé mong mudn (tai
con ngudi co thé cam nhan duoc) cao nhat 1a 22 Khz (véi da CD 1a 22,05 Khz ). Nhu vay
theo dinh 1y 14y mau thi tan sé 14y mau nho nhét 1a 44 Khz. Nhung néu 1dy mau véi tin
s6 nay ma bo loc twong tuw khong dat t6i Iy tuong thi s& gy nhidu ngoai dai tan sé mong
mudn, tic 14 gy hién tugng chong pho khi 1dy miu trong bo bién d6i twong tu s6(ADC).

Qua trinh ndy duoc minh hoa trén hinh 3.6.7.1 va d6 thi tan s6 duoc trinh bay trén
hinh 3.6.7.2 theo thang tan s6 goc chuan hoa boi tan sb 1dy mau F, = 44Khz.

—’I Ha(0, » ADC H(ef“’) > l2 —
O (o Ty X(g")

Xa( @) Y H(ejw)

fOC = FS = fC =

H,(®,): bé loc twong tw thong thap khéng Iy tudng véi tan sé cdt foe = 2 2 Khz ;

ADC: bé bién doi twong ty $6 VGi tan sé lcfy mau F, = 88Khz ; H(eiw).' bé loc s6
thong thdp gan Iy twéng vét tan sé cdt f, = 22Khz ; ¥ 2: bg phan chia véi hé s6 M=2.

Hinh 3.6.7.3
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A
A Xa(00g)

N _1 N
-1 _n 0 n n
5 ) Q.
0) Ha(ma\
| | B | I >
-TI _a 0 n I
5 5 a.
0 Ya.(ma\
| | B | | N
-1 I I I
2 2 W
F,=
—> Ha(wa) » ADC |——»
Xa(t) ya(t) x(n)
F,=
jo
Xa((’)a) Ya((’)a) X(e )

H,(,):b6 loc twong tw théng thdp khéng Iy twéng voi tan 6 cdt f,. = 22Khz
ADC: b bién doi tuwong tw $6 V4i tan so ldy mau F, = 44Khz.
Hinh 3.6.7.1

Pé tranh hién twong chong phd ma van dam bao tan sé 1y miu cta tin hiéu sd ra
xau la 44Khz, chung ta s€ thyc hién nhu sau: tin hi¢u twong tu X,(¢). Sau khi qua bd loc
tuong tu thong thap khong 1y tudng véi f,. = 22Khz dugce tin hiu y,(¢). Chung ta s& cho
tin higu y,(f) qua b bién doi twong ty (ADC) véi tan s6 lay mau F, = 22Fgy, = 88Khz ,
sau d6 tin hiéu qua bo loc sb thong thap(vi du qua bd loc sé FIR pha tuyén tinh) véi tan
sb cét Jfue = 22Khz, Vi b0 loc ) gén v6i 1y tudng dé thuc hién dugce hon 1a bo loc twong
tu. Sau d6 cho tin hiéu qua bd phan chia voi hé sé M=2, dau ra s& thu duoc tin hiéu xau
cling voi tan s6 1y mau F, = 44Khz. Vay Chiing ta c6 thé néi rang chung ta c6 bd bién
d6i trong tu s6 kiéu méi dung bd loc nhiéu nhip dé tranh nhidu ngoai dai tan. Qua trinh
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nay dugc minh hoa trén hinh 3.6.7.3 va do thi tin s6 duoc trinh bay trén hinh 3.6.7.4 theo
tan s6 goc chuan hoa boi tan s6 1y mau F, = 88Khz.

A Xa(ma)
l \' ;
=21 - 0 2 W,
A Ha(ma)
. /. .\ . :
-20 -1 0 n 2 O,
A Ya((’)a)
I /\ |
-2n 2 W,
4 X(e™)
W,
Chong phd gdy nhiéu

neoai dai tin mong mudn

Hinh 3.6.7.2
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H(g")
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21 -m IO o n 1 2
> 5 n .
A yH(e/‘”)
| ! I 1 | >
21 -n _II o I M 2
5 5 n Q.
A jo
X(e™)
1 1 1 | [ | 1 ! | >
-2 -1 I O n I 21
n ; 5 W,
Hinh 3.6.7.4
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CHUONG IV
HOQ DSP THONG DUNG TMS320

Ho DSP TMS320 14 mot ho vi diéu khién nén ching ciing 1am giam ti da gia thanh
hé thdng véi kién trac nhue RAM - on chip, ROM/EPROM on - chip va on - chip cac thiét
bi ngoai vi nhu port ni tiép, cac timer va vao ba song song. Vi trinh d cao cua céc
ham chirc nang on - chip, cac 1é€nh linh hoat, kién trtc dudng 6ng va hiéu suét cao d3 lam
cho ho DSP tms320 dugc wa thich Iya chon hon trong hau hét cac ung dung va xir 1y tin
hiéu.

Ho vi xir Iy tin hiéu s tms 320 c6 thé chia ra 1am 2 ho DSP s6 nguyén va ho DSP
s6 thuc du phéy dong, moi ho lai duoc chia ra thanh nhiéu dong khéac nhau va dua ra
nhitng khodng hiu xuat khac nhau gilra cac thé heé, trong mdi doi, cac thanh vién khac
nhau vé ma déi twong va trong nhiéu trudng hop 1a s6 luong chan trén chip.

Ho DSP diu phay dong gdém c6 hai ho nho 1a ho DSP TMS320C3x va ho DSP
tms320c4x. Tat ca cac thanh vién ciia ho DSP s6 thuc diu phay dong c6 kién triic 32 bit
v6i thanh ghi d§ chinh x4c mé rong 40 bit. Ho DSP s6 thuc ddy phay dong dya trén ciu
trac Von Neuman. C6 1& kién triic nhiéu bus s& hoat dong nhanh hon cdu tric truyén
thong Harvard. Piém dic trung ctia ho DSP TMS320C3X 14 bd phan dau phay dong phan
clig va bd ALU dau phay dong.

Céu triic chung ho TMS320C3X
Céac dic diém chu yéu cua ho tms 320c3x:
e Hiéu xuét cao vdi toc d6 1én cao dén 60 MEFLOPS
e Phuong tién ngon ngit 1ap trinh C hi¢u qua cao
e Khong gian dia chi 16n hon 16M tur nhé x 32 bit
e Quan Iy bo nhd nhanh véi truy nhap bd nhd truc tiép DMA on - chip
e Chuin cong nghiép gianh riéng kiéu 3 V phu hop trén nhiéu thiét bi

Ho vi st 1y tin hi¢u s6 tms 320c3x dua trén DSP TMS320C30. ching c6 2K x 32 tur
nhé RAM on - chip, 4K x 32 bit ROM on - chip va 64 tir nhd dy trir 1énh. Nhitng diém
ndi bat khac bao gom truy cp truc tiép tach biét DMA, hai port ndi tiép va hai timer. Ho
DSP TMS320C30 ndi bat ¢ hai bus dir liéu ngoai 32 bit va khong gian 16M tir nhd. Thoi
gian thyc hién mdét 1énh 1a 60 ns va tdc d6 thuc hién 1énh cta n6 1a 33 MFLOPS.

Ho TMS320C3X ¢6 ciu trac Harward, cic bus bus dit liéu, bus chuong trinh, bus
DMA duoc tach riéng. Nho vay ma viée thuyc hién song song trong cung thoi diém goi
cac Iénh thuc hién, doc va ghi dir liu cling nhu cac hoat dong truy cap bus truc tiép
khéng bi anh hudng 14n nhau. Cu tric nay dap tmg duoc nhitng yéu cau cua hé théng
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doi hoi can phai dua trén cac thudt toan phtic tap va can toc do cao. Do vay ma né lam
ndi bat ca ciu tric phan cing va phan mém. hiéu xuit cao, tinh toan cao dugc dap ung
thong qua sy chinh xac va khoang thay ddi dong cua bo diu phay dong cung bd nhé dir
lidu trén chip 10n, su song song cap cao va bo didu khién truy cap truc tiép (DMA).

Céc thanh vién cta ho DSP s6 thuc dau phay dong TMS320C3X:

» TMS320C30: 1a thanh phan dau tién ciia ho DSP C3X, né khac véi cac loai DSP
ra doi sau n6 & 4K ROM, 2K RAM, port ndi tiép thtr hai va bus ngoai tht hai.

» TMS320C31 va TMS320C31: 1a thanh vién thr hai ctia ho DSP, C3X, chung la
loai DSP 32 bit s6 thuc ddu phay dong gia thap, c6 chuong trinh nap khéi dong, 2K
RAM, mét port ngoai, mot port ndi tiép va cé thé hoat dong ¢ 3,3 V (‘LC31).

> TMS320C32: 12 loai méi nhat cia ho DSP’ C3X. chung 13 thé hé ndi bat cua ho
DSP’C3X va ho vi xir 1y s6 thuc du phay dong c6 gia tri trén thi truong hién nay. Nhimng
ndi bat nay bao gdm giao

NOP
NOP
B WAIT
end of main program
RECIEVER INTERRUPT SERVICE ROUTINE RECEIVE:
LDP #TEMP
LAMM DRR ; read data from DRR
LDP #SIN SW
BIT SIN_SW,15
BCND SINEWAVE ,TC
random noise generator |
LACC seed, 1
XOR seed
SALC TEMP,2
XOR TEMP
AND #8000h
ADD seed, 16
SACC seed,l ; Reduce the output by at least 1/8
LACC seed,11 ; to prevent the overflow
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AND #OFFCh,15

RPT #14

SAMM DXR

RETE ; program

sinewave generator

SINEWAVE:

MPY #0 ;clear Pregister

LACCy 1,15; y1=»ACC shift left 15 bit
NEG ;-ACC=>ACC

MACD coefty ;coeffl* y

APAC ;

APAC ;2*coef*y -yl

SACH y,l ; Reduce the output by at least 1/8
LAC Cy, 15 ; to prevent the overflow

AND #OFFCh, 15 ;bit 0$ 1 has to be 0 for AIC
RPT #14

SFR

SAMM DXR ;to tell its data ,not command
RETE ; program

Sinewave generator

SINEWAVE:

MPY #0; clear P register

LACCyl, 15;y ==>ACC shift left 15 bit
NEG ; -ACC==>ACC

MACD coefty ;coeff *y

APAC ;

APAC ;2*coef*y-yl

SACH y,l ;Reduce the output by at least 1/8
LACCy, 15 ;to prevent the overflow

AND #0FFFCh, 1 5 ;bit 0 $ 1 has to be 0 for AIC
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RPT #14

SFR

SAMM DXR :to tell its data,not command

RETE ;program

TRANSMIT INTERRUPT SERVICE ROUTINE TRANSMIT:
DESCRIPTION:This routine initializes the TLC320C40 for
a 8Khz sample rate with a gain setting of 1

aic intitialization data

AICINIT:SPLK #20h,TCR ; To generate 10 MHZ from Tout
SPLK #01h, PRD ;for AIC master clock

MAR * ,ARO

LACC #008h ;Non continous mode

SACL SPC ; FSX as input

LACC #00c8h ; 16 bit words

SACL SPC

LACC #080h ; Pulse AIC reset by setting it low

SACH DXR

SACL GREG

LAR ARO#0FFFFh

RPT #10000 ;and taking it high after 10000 cycles

LACC *,0AR0; (.5ms at 50ns)

SACH GREG

LDP #TA ;

SETC SXM ;

LACC TA,9 ; Initialized TA and RA register

ADD RA2 ;

CALL AIC 2ND.

LDP #TB

LACC TB,9 ; Initialized TB and RB register

ADDRB,2 ;
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ADD #02h ;

CALL AIC-2ND ;

LDP #AIC CTR

LACC AIC-CTR,2 ; Initialized control register
ADD #03h ;

RET ;

AIC 2ND:

LDP #0

SACH DXR ;

CLRC INTM

ADD #6h,15; 0000 0000 0000 00 1 1 XXXX XXXX XXXX XXXX b
SACH DXR ;

IDLE

SACL DXR ;

IDLE -

LACL #0;

SACL DXR ; make sure the word got sent
IDLE

SETC INTM

RET;

.end

TITLE FIR FILTER

SUBROUTINE FILTER

EQUATION: y(n) = h(0)* x(n) +h(1) * x(n+ 1) +... th(N+_1)* x(n+ (N+ 1))
TYPICAL CALLING SEQUENCE:

LOAD ARO

LOAD ARI1

LOAD RC

LOAD BK

CALL FIR
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ARGUMENT ASSIGNMENTS:

ARGUMENT FUNCTION

ARO ADDRESS Ofh(N+ 1)

ARI ADDRESS Ofx(n-(N+ 1))

RC LENGTH OF FILTER + 2(N+ 2)

BK LENGTH OF FILTER (N)

REGISTERS USED AS INPUT ARO0,AR1,RC,BK
REGISTERS MODIFIED:R0,R2,AR0,AR1,RC
REGISTER CONTAINING RESULT: RO
CYCLES: 11+ (N+_1) WORD:6

.global FIR ;Initialize Ro:

FIR MPYF3 * ARO++(1),*AR1 ++(1)%,R0;

H(N+_ 1)*x(n+ (N+ 1))+ RO

LDF 0.0,R2 ; Intialize R2

FILTER(1<=I <N)

RPTS RC ; Set up the repeat cycle
MPYF3*AR0++(1)%,R0 ;h(N+_1+ i)+ >R0O
ADDF3 RO,R2,R2 ; Multiply and add operation
ADDF RO,R2,R0 ; Add last product

RETURN SEQUENCE

RETS ; Return

End

.end

TITLE MATRIX TIMES A VECTOR MULTIPLICATION
SUBROUTINE MAT

MAT = MATRIX TIMES A VECTOR OPERATION
TYPICAL CALLING SEQUENCE:*

load ARO

load AR1

load AR2
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load AR3

load R1

CALL MAT

ARGUMENT ASSIGNMENTS:

ARGUMENT FUNCTION

ARO ADDRESS OF M(0,0)

AR1 ADDRESS OF V(0)

AR2 ADDRESS OF P(0)

AR3 NUMBER OF ROWS+ 1(K+ 1)

R1 NUMBER OF COLUMNS+ 2(N+ 2)

REGISTERS USED AS INPUT: ARO,AR1,AR2,AR3,R1
REGISTERS MODIFIED:R0,R2,AR0,AR1,AR2,AR3,IRO,
RC,RSA,REA

PROGRAM SIZE: 11

EXECUTION CYCLES: 6+ 10*k + K*(N+_1)

.global MAT

MAT LDI R1, IRO ;Number of columns+ + IR0

ADDI 2,IR0 ; IRO=N

FOR(i =0;i < K; I++) LOOP OVER ROWS

ROWS LDF 0.0,R2 ; Initialize R2

MPYF3 *ARO++(I), *AR1++(1),RO0;

m(1,0)*v(0)+ >R0O

FOR(i=1,j <N,J++) DO DOT PRODUCT OVER COLUMNS
RPTS RI ; Multiply a row by a column

MPYF3 *ARO++(1), *AR1++(1),R0;

m(ij)*v(j)+_>RO

ADDEF3 RO,R2,R2 ;m(i,j+ 1)*V(1+ 1)+R2+ >R2

DBD AR3,ROWS ; Counts the no. ofrows left

ADDF RO,R2 ;Last accumulate

STF R2,*AR2++ (1) ;Result ->p(i)
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NOP *-- ARI(IR0) ;Set AR1 to point to v(0)
DELAYED BRANCH HAPPEN HERE
RETURN SEQUENCE

RETS ; Retum; END
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