.7 Bai giang: Xir ly so tin hiéu
Chuong 4

XU LY TIN HIEU MIEN THOI GIAN
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Bai giang: X ly so tin hi¢u
Chuong 4 XU LY TiN HIEU MIEN THO!I GIAN
4.1 Pap rng xung cua hé thong r&i rac:

'_:%g}»«:t

4.1.1 Dap rng xung (impulse response):

> dap (g xung cua hé théng chinh Ia tin hiéu ra khi tin hiéu vao la xung don vi.

> h(n) thé hién d&c tinh thoi gian cta hé thong roi rac.

Hé thong o
Tin hiéu vao 1o rac Tin hiéu ra
s(n) 1 H- Ih(n)
1 1
n f n
,\ — s - y

> Quan hé ngd vao- ngé ra trong mién thoi gian:

y(n) = h(n)*x(n) = x(n) * h(n) = i x(k)h(n - k)

k=—x

e — 2
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Bai giang: Xir 1y s6 tin hiéu

Chuong 4 XU LY TiN HIEU MIEN THO'l GIAN (tt)
4.1 Dap trng xung cua hé thong roi rac:

4.1.2 Cac phwong phap tinh tich chap:

a. Tinh truec tiép:
> Dung truc tiép dinh nghia tich chap
Vi du 1: Tim dép &ng ngé ra y(n) khi biét:  x(n) = u(n);
h(n) = a"u(n), |a|<1.
Loi giai:

Ta co:

o0 o0

y(n) = h(n)*x(n) = > x(k)h(n-k)= > h(k)x(n-k)

k=—o00 kK=-o0
. ) n ’ l_an+1
= > a‘u(k)u(n-k)=> a*=———,lalk;n>0
kK=-o0 k=0 1—8.
y(n)=0,n<0
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Chuong 4

Bai giang: Xir 1y s6 tin hiéu

XU LY TiN HIEU MIEN THO! GIAN (tt)

b. Dung bang tich chap:

4.1.2 Cac phwong phap tinh tich chap:

» Lép bang tich chdp c6 dang nhw sau:
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Chuong 4
4.1.2 Cac phwong phap tinh tich chap:

b. Dung bang tich chap:
Vi du 2: Tim dép tng ngé ra y(n) khi biét:

L&i giai:

Lap bang tich chap:

Bai giang: X ly so tin hi¢u
XU LY TiN HIEU MIEN THO! GIAN (tt)

Chiéu dai L
x(n) = [1,1,2,1,2,2,1,1];
h(n) = [1,2,-1,1]

hix | 1 1 2 1 2 2 1 1
1 1 1 1 1 1
2 2 2 4 2 4 4 2 2
A 4] ] 2 1 2 2| 1] -
1 1 1 2 1 2 2 1 1
NgG6 ra: y(n)=[1,3,35237433 0 11— I
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Bai giang: X ly so tin hi¢u
XU LY TiN HIEU MIEN THO! GIAN (tt)
4.1.2 Cac phwong phap tinh tich chap:

Chuong 4

b. Dang khéi cdng chéng lap (overlap-add block form):
> dung khi chudi di¥ liéu ngé vao rat dai

L

A

o L g L .
X: Khoi x, ‘ Khoi x, V Khdix, | oo
Yo L I M
: Y- | L : M
I Yo I L : M
n - 0 n=L n = 2L n - 3L

» Cac gia tri ngo ra: Yo=h"%y y,=h"x,; ...
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO!I GIAN

Vi du 3: Tim déap tng ngé ra y(n) khi biét:  x(n) =[1,1,2,1,2,2,1,1];
h(n) =[1,2,-1,1].

>  Chia di¥ liéu ngé vao thanh céc khbi nhé déu nhau g Chen tham j
X, =[1,1,2]; X, = [1,2,2]; X, = [1,1,0]; Z€eros
> Chap méi khdi nhé véi h, ta duoe: (dung bang céng chéng I1&p)
Yo = h™x, =1[1,3,3,4,-1,2]; h

y1 = h*X‘| = [1,4a553’0,2];
Y, = h*x, =1[1,3,1,0,1,0];

X

Nl INN
- D N = -

\ 1
1 1
2 2
-1 1
1 1

> Lép bang céng chong I4p:

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

Yo |1 3 3 4 -1 2
V4 1 4 5 3 0 2
Yy 1 3 1 0 1

y 1 3 3 5 3 7 4 3 3 0 1
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Bai giang: Xuwr ly so tin hi¢u
Chuwong 4 XU LY TiN HIEU MIEN THO'l GIAN (tt)
4.1.3 Pap trng xung cua hé théng ghép noi:

a. Hai hé théng ghép ndi tiép:

x(n) y() = x(n)— h,(n)*h,(n) | y(n)

x(n) V() = x(n)=* hy(n) [~ hy(n) [ ¥ ®

b. Hai hé thbng ghép song song:

y(n)

N x(n)—>| h,(n) + h,(n) |—>y(n)

e — 8
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)

4.1.3 Bap trng xung cda hé thong ghép néi:
Vi du 4: Cho hé théng nhw hinh vé, biét rang:
h,(n) =[1,2,1];

hy(n) = hy(n) = (n+1)u(n);
h,(n) = 8(n-2)

Xac dinh dap trng xung h(n) ?

x(n) y (n)

L&i giai: hy(n) H hy(n) l

Ta co: h(n) = hy(n)*hy(n)-h5(n)*h,(N)] = hy(n)*h,y(n)*[1-h,(n)]

Nhén xét: x(n) chdp voi o(n-k) twong duong véi viée dich x(n) di k mau

Do vay:
h;(n)*hy(n) = [(n+T)u(n)*[5(n) + 25(n-1) + 5(n-2)]

= (n+1)u(n) + 2nu(n-1) + (n-1)u(n-2)
h,(n)*h,(n)*h,(n) = [(n+1)u(n) + 2nu(n-1) + (n-T)u(n-2)*8(n-2)
= (n-1)u(n-2) + 2(n-2)u(n-3) + (n-2)u(n-4)
Thay vao biéu thirc trén, ta duoec:
h(n) = (n+1)u(n) + 2nu(n-1) -2(n-2)u(n-3) - (n-3)u(n-4)
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Bai giang: Xir 1y s6 tin hiéu

'_:%g}»«:t

Chuong 4 XU LY TiN HIEU MIEN THO'l GIAN (tt)

4.1.4 Sy 6n dinh cua hé thong: ,
» hé thong duwoc goi la 6n dinh (stable) néu no luén co6 dap trng bi chan voi moi
kich thich bj chan. Nghra la:

Néu: | X(N)EM, <o ti: |[Y(N)[EKM, <o, VN
> Diéu kién dé hé thdng LTI c6 dap tmg xung h(n) 6n dinh :

S |h(n) |< o0

N=—o0

Vi du 5: Cho hé thbng cé dap img xung: h(n) = a"u(n).
Tim diéu kién ctua a dé hé théng én dinh ?

Loi giai:

Pé hé thdng 6n dinh:

Z|h(n)|_2|a E1+|al|+]|af +....<o©

N=—o0

Diéu kién trén dwoc théa mén khi : |a| < 1. Luc do: Z |h(n) |— PPN

i I |

10
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Bai giang: Xir 1y s6 tin hiéu

Chuong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)
4.2 Hé thong FIR va lIR:

> dwa vao dap tmg xung h(n), nguoi ta chia cac hé thdng roi rac ra lam 2 loai:
= Hé thdng c6 dap trng xung hitu han FIR (Finite Impulse Response).
= Hé thbng c6 dap trng xung vé han IIR (Infinite Impulse Response).

4.2.1 Hé théng FIR: (bé loc FIR)

» dap teng xung h(n) c6 gia tri trén khoang thoi gian hiru han 0<n< M, nghia la:

h(n):[ho,hl,hz,...,hM,O,O,...]‘ﬁ T oiE

.. LA > P vector dap trng
trong do: M: bac cua b loc xung la M+1

ho,h,,h,,...h,,: hé sb cta b loc (filter weights, filter taps)
» Phuwong trinh bo loc FIR:

y(n) = h(n)*x(n) = Z h(k)x(n - k)

» Phuwong trinh I/O:
y(n) = hyx(n) + hx(n-1) + h,x(n-2) + ...+ h, Xx(n— M)

11
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4.2 Hé thong FIR va lIR (tt):

Vi du 6:

a. Bo loc FIR c6 dap trng xung h(n) = [1,2,1,-3].

- Phwong trinh I/O: y(n) = x(n) + 2x(n-1) + x(n-2) - 3x(n-3)
b. BO loc FIR phwong trinh I/0O: y(n) = x(n) - x(n-4)

- dap trng xung cua bé loc h(n) = [1,0,0,0,-1].

4.2.1 Hé thong IIR: (b loc IIR)
» €0 khoang thoi gian dap teng xung h(n) vé han.
» Phuwong trinh bo loc IIR:

y(n) = h(n)*x(n) = ZOO: h(k)x(n-k)

hay:

y(n) = ay(n-k)+ > bx(n-1)

» Phuong trinh 1/0:

y(n)=ay(n-1)+ay(n-2)+...+a,y(n—M)+hx(n)+...+Q x(n—-L)

5/22/2010

Bai giang: Xir 1y s6 tin hiéu

Chuong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)
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Bai giang: Xir 1y s6 tin hiéu

Chuong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)

4.2 Hé thong FIR va lIR (tt):
Vi du 7: B0 loc dwoc biéu dién & dang dé quy sau c6 phai la bo loc IIR khéng?
y(n) = 0.25y(n-2) + x(n)

Loi giai:
» Dap tng xung:
h(n) = 0.25h(n-2) + 6(n)
> Gid str hé thdng la nhan qua: h(-1) =h(-2) = 0.
Luac do:
h(0) = 0.25h(-2) + 50) = 1;
h(1) = 0.25h(-1) + &(1) = O;
h(2) = 0.25h(0) + §(2) = 0.25 = (0.5)2;
h(3) = 0.25h(1) + &§(3) = 0;
h(4) = 0.25h(2) + 5(2) = (0.25)?= (0.5)%, wv....
> Suy ra dang biéu thire cda h(n):

h(n):{ 0 n:odd
(0.5" n:even

B6 loc nhan qua:
h(n) =0, Vn<0

> Vi h(n) ton tai vdé han nén day Ia bo loc IIR.

13
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Bai giang: Xir 1y s6 tin hiéu

Chuong 4 XU LY TiN HIEU MIEN THO'l GIAN (tt)
4.3 Phwong phap xtr ly mau:

4.3.1 Phwong phap xtr ly mau va phwong phap xw ly khoi:

< Phuong phép xt ly khéi (Block processing methods)
> D liéu ngb vao duorc thu thap va xr ly theo tirng khoi.

» Qua trinh xtr ly: thure hién viéc nhan chép tung khoi ngé vao véi dap ting xung
cua hé thong dé cho khoi dir liéu ra.

> Ung dung: xt ly dnh, phén tich phé dung FFT,vv...
< Phuwong phap xtr ly mau (Sample processing methods)
> Dir liéu duoe thu thdp va xt ly tirng méu & tieng thoi diém

> Qua trinh xt¥ ly: méi mau di liéu ngé vao duwoc hé théng xi ly dé cho ra mau
dir liéu ngo ra.

» Dung trong cac tng dung xr ly thoi gian thuc (real time processing).

> Ung dung: xt ly tin hiéu thich nghi, diéu khién, vv...
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)
4.3.2 Phwong phap xtr ly mau cho bé loc FIR:

O A 4 . M
* BO loc FIR bac M. y(n) = h(n) * x(n) = Z h(k)x(n - k)
k=0

y(n) = h,x(n) + hx(n=1) + h,x(n = 2) + ...+ h, x(n— M)

<% So db khéi va thuat toan xir ly mau:

V&i moi mau dir liéu ngd vao x:

®y = X;

Yy = hyo,th,o,+h, o,+... +hyoy;

Fori=MM-1M-2,...,1 do

®; = O; 4,
}

Trwdce khi xr ly dir liéu ngd vao, cac gia
tri trang thai néi o, phai dwoc gan zeros

oy(n)

15
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Bai giang: Xir 1y s6 tin hiéu

Chuong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)

4.3.2 Phuwong phap xd ly mau cho bé loc FIR:

Vidu 8: B¢ loc FIR co phuwong trinh I/0O:  y(n) = x(n) — x(n - 4).
Dir liéu ngé vao: x = [1,1,2,1,2,2,1,1].

a. V& so dob khoi va viét thuat toén xtr ly méu.

b. Tinh gia tri ng6 ra dwa vao thuat toan trén.

L&i giai:

o V&i moi mau dir liéu ngd vao x:
a. So do khoi va thuat toan xwr ly mau:

16
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Bai giang: Xir ly so tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO'l GIAN (tt)
Vi du 8 (tt):
b. Lap bang hoat dbéng nhuw sau:

n | X Wy ®q Oy O3 MOy Y= -0y
0 1 10 00O 1
1 1 11000 1
2 2 21100 2
3 1 12110 1
4 2 212 1 1 1
5 | 2 221 21 1
6 1 12 2 1 2 -1
7 1 11 2 2 1 0
8 0 0112 2 -2
9 0 00112 -2
10| O 0O 0011 -1
11| O 0 00O 1 -1

17
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Bai giang: Xir ly so tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)
4.3.3 Phwong phap xtr Iy mau cho bé loc lIR:

% B6 loc IIR:
y(n)=ay(n-1)+ay(n-2)+...+a,y(n—M)+hx(n)+...+Q x(n—-L)

< So dé thure hién dang truc tiép (direct-form realization) va thuét toan xdr ly mau:

V&i moi mau dir liéu ngd vao x:

x(n /d A\ V(") {

18
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)

4.3.3 Phwong phdp xd ly mau cho bé loc IIR:
Vidu 9: B¢ loc IIR c6 phuwong trinh 1/0:

y(n)=y(n-95)+ x(n-1)+ 2x(n - 2) + 3x(n-3) + 4x(n - 4)
V& so d6 khbi va viét thuét toan xir ly méu.

Loi giai:

< So db thure hién dang truc tiép va thuét toan xu ly mau:

¥(n) v&i mdi mAu di liéu ngd vao x:
wo(N)

®;(n) v, =x;

®y = 05+ Vy + 2V, + 3V, +4v,;

y=00q,
o = _,1=54,3,2,1
sn) v, = v ;i=43.2/1

19
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Chuwong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)
4.3.3 Phwong phap xtr ly mau cho bé loc IIR (tt):

< Thuc hién dang chinh tac (canonical-form realization) va thuét toan xc ly mau:

> s6 phan t nho 13 téi thiéu

/I I

» V&i m6i mau dir liéu ngd vao x:
y(n) {

Wy =X+ a0t a,n,*...+a,on,

x(n)

y = byt bio, +...+ b o;
o =0 _,1=KK-1,..,1

K = max{M,L}
}

Bai giang: Xir 1y s6 tin hiéu
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Bai giang: Xir 1y s6 tin hiéu

Chuwong 4 XU LY TiN HIEU MIEN THO! GIAN (tt)

Vidu 10: B¢ loc IIR ¢6 phuwong trinh 1/O:
y(n)=y(n-95)+ x(n-1)+2x(n - 2) + 3x(n-3) + 4x(n - 4)
V& so d6 khbi va viét thuét toan xir ly méu.

L&i giai:
Sé6 pfhlé‘{i tir nhé toi da: K =max{M,L} = 5 Vi méi mau di liéu ngd vao x:
X {
\%/ - y(n) Wy = X+ ©g;
y = 0,+20,+305+40,;
W5 = Wy;
W, = M,
W3 = M,
Wy = Oy,
W4 = O,
}

21
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Chuong 4 XU LY TiN HIEU MIEN THO'l GIAN (tt)

Bai tap:

4.1 (bai 5.1.4 trang 177)

4.2 (bai 5.1.5 trang 177)

4.3 (bai 5.2.11 trang 179)

4.4 (bai 5.3.4 trang 180)

4.5 (bai 5.5.2 trang 182)

4.6 (bai 5.5.3 trang 182)

4.7 (bai 5.6.6 trang 184)

4.8 (bai 5.6.8 trang 184)
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Bai giang: Xir 1y s6 tin hiéu
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