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BAI 1B: TIN HIEU VA HE THONG ROl RAC THOI GIAN
TRONG MIEN THOI GIAN

.  TOMTATLY THUYET

A. Tin hiéu roi rac thoi gian trong mién thoi gian

C4c tin hiéu tuong tu thuong 13 lién tyc thoi gian. Bang cach ldy mau tin hiéu twong tu, ta
duoc tin hiéu da 1ay mau hay goi 1a tin hiéu roi rac thoi gian hay tin hiéu s6. Mat sé tin hiéu

roi rac thoi gian co ban gom:

1. Xung lwe don vi

Tin hiéu co bién d6 1 & gbc thai gian va bing 0 & moi thoi diém khac
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2. Bacdon vi
Tin hiéu bac don vi bang 0 trong qué khir va bang 1 ké tir géc thoi gian vé sau
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3. Tin hiéu sin thuc
Tin hiéu sin thuc roi rac thoi gian c6 biéu thic
x(n) = Acos(nQ + @) 3
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B. Heé thdng roi rac thei gian trong mién thoi gian

Xem mét hé théng nhan tin hiéu vao x(n) va cho tin hiéu ra y(n). Ta goi tac dong hay xu ly
cua hé thong 1a H[] va viét:

x(n) > y(n)

hoac

y(n) = H[x(n)] (4)
il _ H ylnl

1. Phwong trinh tin hiéu vao ra mo ta hé théng

Tac dong cua hé thong 1én tin hiéu thuong dugc mo ta bai phuong trinh tin hiéu vao ra chi su
lien quan gitra tin hiéu ra va vao.

Vi du:

y(n) =x(n-1)

y(n) = 1/3*(x(n) + x(n-1) + x(n-2))
y(n) = max (x(n) + x(n-1) + x(n-2))

2. Phan loai h¢ théng
a. Heé thng nhan qua va phi nhan qua

Hé thdng nhan qua 1a hé thong ma trong d6 tin hiéu ra & mot thoi diém chi phu thudc vao tin
hiéu vao o thoi diém hién tai va cac thoi diém trude dé. Nguoc lai, hé thong 1a phi nhan qua

b. Hé thong bat bién thoi gian va bién thién thoi gian
Déi véi hé thong roi rac bat bién thoi gian, néu y1[n] 1 dap ung caa tin higu x1[n],
khi d6 dap rng cua x[n] = x1[n-ng] chinh la
y[n] = y1[n-no], v&i moi ng

c. Hé thdng tuyén va phi tuyén

Déi vai hé thdng thoi gian roi rac thoi gian tuyén tinh, néu y1[n] va y2[n] 1a dap ung cua
x1[n] va x2 [n], khi d6 dap ung cua x[n] = ax1[n] + Bx2[n] chinh la

y[n] = ayl[n] + By2[n], vdi moi a va B

3. Pap &ng xung
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Dap (g xung cua mot hé thdng 1a tin hiéu ra & hé théng do6 khi tin hiéu vao 1a xung luc don
vi

lIR 14 hé thong c6 dap tng xung 1au vo han
FIR Ia hé théng co dap tng xung lau hitu han
4. Hé thong tuyén tinh bat bién thai gian (LTI)

Hé thdng tuyén tinh bt bién thoi gian (LTI) 1a hé thong thoa méan diéu kién tuyén tinh va
diéu kién bat bién thoi gian.

a. Dap ung caa hé thong LTI c6 dap ung xung h[n] d6i véi tin hiéu vao x[n]

yInl = ¥,~_ (h[Klx[n — K]) (5)
Téng trong cdng thire trén duoc goi 1a tong nhan chap caa h[n] va x[n], ki hiéu
y[n] = h[n]*x[n] (6)
b. Hé théng LTI 14 6n dinh BIBO (bounded-input, bounded-output) néu va
chi neu
> (hml) < o (7)

c. Héthdng LTI 1a nhan qua néu va chi néu
h[k] =0 k<0 )

d. L6p hé théng LTI dugc xem xét chi yéu trong chuong trinh ¢6 phuong
trinh tin hiéu vao ra

N M
2rcolayln =KD = 3 (bex[n —k]) ©)
Trong d6 x[n] va y[n] 1a tin hiéu vao ra ciia hé thong va ay va by 1a cac hang sb

Tin hiéu ngd ra y[n] 6 thé duogc tinh dbi véi n > ng néu biét diéu kién ban dau y[ne-1], y[no-
2], y[no-3] y[no-N].

C. Lay miu tin hiéu
1. Pinh ly ldy miu

Ngay nay, nho kha nang d& luu trit va xir Iy ma cac hé thong xu Iy tin hiéu s ngay cang phét
trién rong rai. Thong qua cac mach ADC, céc tin hiéu tuong tu duoc chuyén thanh tin hiéu s6
va dugc dua qua cac mach DSP dé xu Iy, cudi cung dugc luu trir hodc duoc chuyén lai thanh
tin hiéu twong tu thong qua cac mach DAC.

a. Sampling lowpass signals
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Dé chdng hién tuong alias xuat hién trong tin hiéu ra sau khi ldy mau, ta sir dung mach loc
thip qua dé loai bo thanh phan tan sé cao, sau d6 dwa tin hiéu qua mach ADC dé Iy mau véi
tan s lay mau fs tuan theo dinh ly Shannon — Nyquist:

Pé tin hiéu sau khi lay miu biéu dién ding tin hiéu twong tw goc, tan s6 ldy miu phai
I6n hon heic bang hai lan thanh phan tan s6 I6n nhét caa tin hiéu twong tu: fs> 2F.
Néu tan sé lay mau khéng thoa dinh ly Shannon — Nyquist thi trong phé tan cua tin hiéu sau
khi 1y mau s& xuat hién tan sé gia fo = F + mfs.

b. Sampling bandpass signals

Trong thuc té ngoai cach ldy mau theo dinh ly Shannon — Nyquist, ta con c6 thé si dung ky
thuat bandpass sampling dé ldy mau dai tan s6 tin hiéu c6 tan s6 trung thm nam ¢ tan s6 khac
0 Hz. K¥ thuat nay con duoc biét dén véi cac tén khac nhu IF sampling, harmonic sampling,
sub-Nyquist sampling, va under-sampling.

Vi du ta sir dung ky thuat bandpass sampling dé ldy mau dai tin hiéu c6 bang thong 1a 5 MHz
va tan sé trung tdm f. = 20 MHz nhu hinh 1.a, néu tuan theo dinh Iy Shannon — Nyquist, tan
sb 14y mau phai la 45 MHz, tuy nhién néu ta ldy mau & tan s6 17,5 Mhz, thi tin hiéu ra s&
Xuat hién dai tan gia c6 tan sb trung tam 1a 2,5 MHz va bang thong 5 Mhz nhu & hinh 1.b. C6
thé thay bandpass sampling khong nhitng lay mau tin hiéu ¢ tan sb thap hon k¥ thuat lowpass
sampling ma con thyc hién qua trinh chuyén tan sé vé dai base band, do d6 k¥ thuat nay dugc
g dung nhiéu trong cac hé théng truyén thong.

B=
A Bandpass signal w5 MHz o
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(a) r t
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Hinh 1: Bandpass signal sampling: (a) Phé tan tin hiéu géoc; (b) Phé tan tin hiéu gia khi tan sé ldy mau l1a
17.5 MHz.

2. Tai tao lai tin hi¢u twong tuw

Pé téi tao lai tin hiéu tuong ty tir tin hiéu sb, trudc tién ta dua tin hiéu s6 qua mach DAC sau

d6 sir dung mach loc thip qua dé tao lai tin hiéu tuong ty. Pap tng xung ciia mach loc thap
0

. _Ts == i0 __ sin(mt/Ts)
qua: hup (6) = 5 [ e/ = EE

it /T

Tin hiéu duoc tai tao s& |a tich chap cua tin hiéu ldy mau voi dap tng xung ciia mach loc thap

. _ * sin[n(t—nTs)/Ts]
qua: x,(t) = an_w (X[n] tonT e )
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PHU LUC

CAC CAU LENH MATLAB PUQC SU DUNG TRONG BAI THUC HANH

Phép toan

zeros(a,b) Tao matran 0, a hang, b cot

ones(a,b) Tao matran 1, a hang, b cot

sin(arg) Gia tri sin cua goc arg (rad)

cos(arg) Gia tri cos cua goc arg (rad)

filter(b,a,x) x la vector tin hiéu vao, a va b 1a céc vector hang s6 nhu dinh nghia &
phuong trinh (9).
Ham nay tinh gid tri ngd ra cua hé thong. Tin hiéu ngd ra s& c6 chiéu
dai bang vai tin hiéu ngd vao, cac diéu kién ban dau duogc gia sir bang 0

impz (b,a, N) Tinh N gia tri dau tién cua dap (ing xung cua hé thong. Hé thong duoc
gia sir 1a nhan qua. a va b 1a cac hang s duoc dinh nghia & phuong
trinh (9)

conv(h,x) Tinh tong nhéan chap cua vector h va x

abs(arg) Lay tri tuyét doi

length(x) Tra vé chiéu dai ciia mang x

fft(x) Tim fft cua tin hiéu x

floor(arg) Lam tron xudng

V& db thi

clf X6a biéu do hién tai

plot(n,x) V& do thi 2 truc toa do cua vector n va x

stem(n,x) V& do thi 2 truc toa d6 cua vector n va x

stairs(n,x) V& d6 thi 2 truc toa do caa vector n va x

grid on/off Bat tat ludi trong do thi

title(*’) Tén cua d6 thi

xlabel(¢”) Tén cua truc x

ylabel(¢*) Tén ctatrucy

axis([a, b, c, d]) Hién thi truc x tir a>b, truc y tir c>d

subplot(a,b,c) Hién thi nhiéu do thi. S6 d6 thi toi da hién thi dugc 1a a*b. Pang thao

tac & do thic
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