Chuong 11

éhu’ang 2
TIN HIEU & HE THONG ROI RAC

Noi dung chinh chuong nay la:

- Gidi thiéu cac tin hiéu roi rac co ban

- Céc phép toan trén tin hi¢u roi rac

- Phén loai tin hiéu roi rac

- Biéu din hé thong roi rac

- Phan loai hé théng roi rac

- Hé thong roi rac tuyén tinh bat bién

- Tong chap rdi rac

- Phuong trinh sai phan tuyén tinh hé s6 hing

- CAu trac hé roi rac tuyén tinh bat bién
2.1 TIN HIEU ROI RAC
Nhu da trinh bay trong chuong I, tin hi¢u roi rac x(n) c6 thé dugc tao ra bang cach lay mau
tin hi¢u lién tuc x,(t) voi chu ky lay mau 1a T. Ta co:

x,(t) =x,(nT)=x(n), —oco<n<ow
t=nT

Luu v n 1 bién nguyén, x(n) 1a ham theo bién nguyén, chi xac dinh tai cac gia tri n nguyén.
Khi n khong nguyén, x(n) khong xéac dinh, chir khong phai bang 0.
Trong nhiéu sach vé xir 1y tin hiéu s, nguoi ta quy udc: khi bién nguyén thi bién duogc dit

trong ddu ngodc vudng va khi bién lién tuc thi bién dugc dit trong ddu ngodc tron. Tir day tro
di, ta ky hi€u tin hi€u ro1 rac 1a: x[n].

Ciing nhu tin hiéu lién tuc, c6 thé biéu dién tin hiéu roi rac bang ham so bang d6 thi, bang
bang. Ngoai ra, ta con co the biéu dién tin hiéu rdi rac dudi dang diy s6, mdi phan tir trong
day s6 1a mot gia tri ctia mau roi rac.

Vi du:

Cho tin hiéu roi rac sau:

I, n=13
x[n]=44, n=2
0, n#

Biéu dién tin hiéu trén dwdi dang bang, dé thi, day sé
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2.1.1 Mt s6 tin hi¢u roi rac co ban

1. Tin hiéu buoc nhay don vi (Discrete-Time Unit Step Signal)

1, n=0
uln]=
0, n<0

Tin hiéu budc nhay dich chuyén c6 dang sau:

I, n=n,

u[n—no]:{

0, n<n,

2. Tin hiéu xung don vi (Discrete-Time Unit Impulse Signal)

, n=0
oln] =
0, n=0
Tin hiéu xung dich chuyén c6 dang sau:
I, n=n,
oln—n,]=
0, n#n,
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Chuong 11

So sanh tin hi€éu budc nhdy va xung don vi lién tuc va roi rac, ta théy c6 mot s6 diém khac
nhau, duoc trinh bay trong bang 2.1.

Continuous time | Discrete time

u(t) = j‘ o(r)dr | uln]= i olk]

k=—0

o(t)=4u(r) | oln]=u[n]-u[n-1]
x(0)6(t—1,) =x(t,)0(t —1,) | x[n]o[n—ny]=x[n,]6[n—n,]

o0

j xX(0)S(t—t))dt = x(t,) | Y. x{n)dln—n,1=x[n,]

n=—00

0

—0

Bdang 2.1 Tin hi¢u buoc nhay va xung don vi lién tuc va roi rac

3. Tin hiéu doc don vi (Discrete-Time Unit Ramp Signal )

n, n=>0
1[n]=
0, n<0

4. Tin hiéu ham mii (Discrete-Time Exponential Signal )

x[n]=a" Vn

2.1.2 Cac phép toan trén tin hi¢u roi rac

1. Phép dao thoi gian
= x[-n]

m=—n

yln] = x[m]
R rang, phép dao nay dugc thuc hién bang cach dao tin hidu qua tryuc tung.
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2. Phép thay déi thang thoi gian

yinl=xm],_, = xlan]

Phép toan ndy con goi 1a phép thay ddi tan s6 ldy mau. Yéu ciu a & diy phai thoa man cac
diéu kién sau:

Néu |a| >1 thi phép toan duoc goi 1a ting tan sé ldy mau (nén tin hiéu), yéu ciu a phai
nguyeén.

Vidu:a=2

Néu |a| <1 thi phép toan duoc goi 1a giam tn s 14y mAu (gian tin hiéu), yéu cau a = 1/K, véi
K 14 s nguyén.

Vidu: a=". Tim z[n] = b[n/2]

" \z[n]|b[4]

z[0]{p(0]

Z[1]| ??

z[2]|b[1]

z[3]] ?7?

W N = O

Cac gia tri b[1/2] va b[3/2] khong xac dinh dugc, vy lam thé nao xac dinh z[1] va z[3]? Giai
phap dugc chon 1a ndi suy. Co nhi€u cach néi suy khac nhau, trong do cach don gian la noi
suy tuyén tinh nhu sau:
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Chuong 11
B b[n/2], n even
2An]= V2{b[(n—1)/2]+b[(n+1)/2]}, n odd

Noi suy tuyén tinh 1a du dam bao yéu cau chét lugng ddi v6i cac thudt toan nén don gian. Poi
voi cac phuong phép nén so6 li€u chat lugng cao, nguodi ta sit dung nhitng phuong phéap noi
suy khac phtc tap hon.
3. Phép dich thoi gian

y[n]=x[m] =x[n—ny]

& day y[n] 12 ban dich thoi gian cia tin hidu gde x[n]

Vi du:
Cho x[n]=a"u[n], |a|<1,tim va vé y[n]=x[n—3]

Trong nhiéu truong hop, yéu cau ta phai két hop cac phép toan trén,qchéng han nhu két hop
phép dao véi phép dich thoi gian, két hop phép ddo, dich vai thay doi thang thoi gian. Xem
cac vi dyu minh hoa sau day:

Vi du:
V& d6 thi tin hiéu u[3-n]
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Chuong 11
Vi du:

Cho x[n]=2u[n+2]. Tim z[n]=x[3—-2n].

n i z{n] |x[3—-2n]
0| z[0]] x[3]
1
2

1] | 1]
Z[2] | A1)
~1|z[-1]] 5]
-2|2[-2]] 7]

Vi du:
Cho y[n]=a"u[n], where a>1. Tim z[n]=y[-2n+2].
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4. Phép thay doi bién do tin hiéu

Cho y[n] = Ax[n]+ B, néu A<0, ta ddo nguoc bién do cua tin hiéu; | 4| diéu khién thang
bién d6 va B diéu khién do dich chuyén bién d9, dich tin hiéu 1én trén (B>0) hay xubng dudi
(B<0).

Ngoai ra, ta co cac phép thay doi bién d6 khac nhu tim bién do va pha cua tin hiéu phuc,
cong va nhan 2 tin hi€u v6i nhau. Luu ¥ cac phép thay doi bién d¢ yéu cau céc tin hi€u phai
duoc dat ¢ cung goc thoi gian.

Vi du:
Tim x[n]= (u[n+1]—u[n—5])(nu[2 —n))

2.1.3 Phan loai tin hiéu roi rac
1. Tin hiéu chan va tin hiéu 1é (even and odd signals)

Mot tin hi¢u roi rac c¢é thé bicu dien dudi dang tong ciia mot tin hi¢u chan va mot tin hi¢u 1&
nhu sau:

x[n]=x,[n]+x,[n]
Trong d6 Even: x,[n] = x [-n]
Odd: x,[n] =—x,[-n]
x [n] =3 (x[n]+x[-n])
x,[n]=%(x[n]=x[-n])
x[n]=x,[n]+x,[n]
2. Tin hiéu tuan hodan va tin hiéu khong tuan hoan
Nhu da trinh bay trong muc 1.4.2, tin hiéu tudn hoan 14 tin hiéu thoa mén diéu kién sau:
x[n+N] = x[n] v&i moi n
Gia tri N nho nhat goi la chu ky co ban cua tin hiu.
Vi du:

Céc tin hiéu sau 1a tuan hoan hay khong tudn hoan? Néu tin hiéu tudn hoan, xac dinh chu ky
co ban.
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(@) x,[n]=e*"

(b) x,[n]=sin(3£n+1)

(c) x;[n]=cos(2n—r)

(d)x,[n]=cos(1.27zn)

(e)x;[n]=e 3

3. Tin hiéu nang heong va tin hiéu cong sudt
Nang lugng cua tin hi¢u:
- 2
E= Y |x[n]

Cong suit trung binh ctia tin hidu:




Chuong 11
Néu tin hiéu c6 nang lugng hiru han, tin hi€u duogc goi 1a tin hi¢u nang lugng.

Néu tin hi€u c6 nang luong v6 han va cé cong suat trung binh hitu han, tin hiéu dugc goi la
tin hi¢u cong suat.

Vi du:
Trong céc tin hiéu sau day, dau 1a tin hiéu nang lugng? dau 12 tin hiéu céng suat?

(a) Tin hiéu budc nhay don vi

(b) Tin hiéu déc don vi

1/2)", n=0

(¢) Tin hiéu x[n]= {(2)11 <0

(d) Tin hiéu x[n]= cos(%nj(u[n] —u[n—-4])

2.2 HE THONG ROI RAC

Nhu da trinh bay trong chuong I, h¢ théng r0i rac 1a thiét bi/ thuét toan xu 1y tin hi€u roi rac.
N6 bién dbi tin hi¢u roi rac dau vao thanh tin hiéu roi rac dau ra khac du vao nham mot muc
dich nao d6. Tin hiéu roi rac dau vao goi la tdc dong (excitation) va tin hi€u roi rac dau ra goi
1a dap vng (response)

Quan hé diu vao va diu ra nhu sau:
yln]=T(x[n])
v6i T 1a ky hi¢u cho mot toan tir hodc 1a mdt qua trinh xur 1y cua hé théng.

2.2.1 Biéu dién h¢ thong roi rac
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Chuong 11
C6 nhiéu cach biéu dién hé roi rac khac nhau, trong nhiéu mién khac nhau. Trong mién thoi
gian, ta cd cac cach biéu dién hé ro1i rac sau day:
1. Biéu dién vao-ra
Trong cach biéu dién nay, ta gia st hé rdi rac 1a mot hop den, khong biét hodc 16 di cau trac
bén trong ctia nd. Quan h¢ vao-ra 1a quan hé gitra x[n] va y[n] dugc md ta bang mot phuong

trinh toan. Dat vao dau vao mét tin hiéu x[n] cu thé, cin cir vao phuong trinh ta s& tim dugc
dau ra tuong tng.

Vi du:
y[n] =x[n] + x[n-1]

2. Biéu dién bang dap ing doi véi mot tac dong cu thé

Trong cach biéu dién nay, ta cho dau vao 12 mot tin hiéu cu thé va tim du ra. Pau ra d6 hoan
toan dic trung cho mot hé théng cu thé. Co 2 loai dap umg duoc dung phd bién 1a ddp vmg
xung (impulse response)- 1a dap tng dbi véi dau vao 1a xung don vi va ddp iing bude (step
response)- 1a dap ung dbi véi dau vao 1a tin hidu budc nhay don vi.

Vi du:

Cho hé thdng c6 quan hé vao-ra 1a: y[n]= x[n] + x[n-1]. Tim d4p tng xung va dap tmg budc

3. Biéu dién bang so do

Trong nhiéu truong hop, dé biét duoc cu trac cia hé roi rac, ta biéu dién hé roi rac béng SO
d6 khéi/ cAu tric. Trong mon hoc nay, ta xét mot sé khdi co ban sau: khéi tré, khdi nhan voi
hang sb, khdi cong 2 tin hiéu. Ta c6 thé két ndi cac khdi nay véi nhau dé tao nén cac hé
thong phirc tap.

Vi du:
Str dung céc khoi co ban ké trén, v€ so do khoi h¢ thong co6 quan hé vao-ra sau:
-30 -



Chuong 11

y[n]=%y[n—1]+%><[n]+%><[n—l]

Ta ciing c6 thé két ndi cac hé con lai v6i nhau dé tao thanh cac hé 16n hon. Cé 3 cach két nbi
chinh la: no61i ti€p, song song va hoi tiép (duong/ am)

2.2.2 Phan loai hé roi rac
1. H¢ co nho va khong nho

H¢ khong nhé 1a hé c6 tin hi¢u ra ¢ thoi di€m ny chi phu thudc vao tin hi¢u vao ¢ cung thoi
diém ng do:

yin 1= f(xlny])

Nguoc lai, hé c6 nhé ¢6 tin hi€u ra phu thude vao tin hi¢u vao ¢ cung thoi diém va ¢ cac thoi
diém khac nhau.

Vi du:

Céc hé sau la c6 nhé hay khong nhé?
(a) y[n]=x{n]+5

(b) yln]=(n+5)x{n]
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Chuong 11
(€) yln]=x{n+5]
2. H¢ kha dao va khong kha dao
Hg kha déo 1a hé ma ta ¢6 thé méic ndi tiép no v6i mot h¢ khac dé duogc tin higu ra tring voi
tin hi¢u goc ban dau:
LIT(x{nD)] = x(n]
Vi du:
(a)
T:y[n]=x[n+1]
L ix{n]=yln-1]

(b)

T :y[n]= i X[ k]

T, :xn] = yn]— yIn—1]
(c)

B0 chinh luu y[n]=| x[n]| khong phai 1a mot hé kha dao.
3. H¢é nhdn qua va khong nhan qua

Hé nhén qua 1a hé c6 y[n] tai n=n, chi phy thudc vaox[n] véi1 n<n,. Noi cach khac, tin
hiéu ra khong phu thudc vao cac gia tri vao tuong lai ma chi phu thudc vao cac gia tri vao
trong qua khur va hién tai.

“A causal system does not laugh before it is tickled”

Hau hét cac hé vat Iy déu nhan qua, nhung c6 thé co hé vat 1y khong nhan qua- chang han
nhu xtr ly dnh trén may tinh.

Hé khong nhd 13 hé nhan qua nhung diéu nguoc lai khong ding.
Vi du:
Xét tinh nhan qua cua céac hé sau:
(a) y[n]=x[n]—x[n—1]
(b) y[n]= > x[k]
k=—00
(c) y[n]=x[2n]
(d) y[n]=x[n]+3x[n+4]
4. Hé on dinh BIBO (Bounded-Input Bounded-Output ) va khéng on dinh

Hé 6n dinh 14 hé ¢6 tin hiéu ra hitu han khi tin hiéu vao hiru han

Néu vao 1a |x[n]| <B,Vn thirala |y[n]| <B, Vn

“Reasonable (well-behaved) inputs do not cause the system output to blow up”’

-32 -



Vi du:

Xét tinh 6n dinh BIBO cua cac hé sau:
(@) y[n]=x[n—1]

(b) y[n] = cos(x[n])

n

© =Y A[k]

k=-o0
5. Hé tuyén tinh va khong tuyén tinh
Hé tuyén tinh 14 hé thoa man nguyén 1y xép chong:

T[x,[n]]= y,[n] and T[x,[n]]= y,[n] =
T[axl[n]+bx2[n]] =ay[n] +by2[”]

Vi du:
Xét tinh tuyén tinh ctia cac hé sau déy:

(a) y[n]=nx[n]

(b) yln]=x[n’]

(c) yln]=x"[n]

(d) y[n]=Ax[n]+B

6. Hé bat bién va khéng bdt bién
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Heé bét bién: khi tin hiéu vao bi dich mot khoang thoi gian thi tin hidu ra cling bi dich di cung
khoang thoi gian do:

TTx{n]]= yln]
Tx{n—ny]]= yln—n,]
Vi du:
Xét tinh bat bién cua cac hé sau day:
(a) y[n] = x{2n]

n

(b) yn]= D xlk]

k=—o0

©n] = xlk]

(d) y[n] = nx[n]

(e) y[n] = x[n]uln]
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2.3 HE ROI RAC TUYEN TiNH BAT BIEN

Ta s& xét mot truong hop quan trong- d6 13 hé rdi rac vira tuyén tinh vira bat bién, goi tat 1a
hé LTI (Linear Time-Invariant Systems)

2.3.1 Pap irng xung ciia hé LTI- Tong chip
Ta c6 thé md ta tin hiéu roi rac x[n] duéi dang sau:
x[n]=...+x[-1]0[n+1]+ x[0]o[n] + x[1]o[n — 1]+ x[2]0[n — 2] +...

viét gon lai la:

x[n]= i x[k]o[n—k]

k=—o0
Phuong trinh nay biéu dién x[n] 13 tong ctia cac ham xung dich thoi gian, co bién do thay dbi
vé6i trong sd x[k].

Vi du:
-2 _o<n<4 ¢

x[n]={ 4’ =70 +2]+ 8[n+1]+6[n]+ 8[n 1]+ B[n 2]+~ B[n 3]
0, n+#

Heé ta xét 1a hé tuyén tinh nén dap ung ddi v6i x[n] 14 téng clia cac dap ung ddi voi o[n —k]
v6i trong s6 x[k]. Goi dap tmg ctia hé d6i v6i S[n—k] 1a h,[n]-1a dap ung xung. Ta co:

0

x[n]= " x[k1o[n—k]

k=—0
yinl= Y «lklh[n]
k=-—0
Do hé 1a bat bién nén ta co: h,[n]=h{n—k]
Vay:
yinl= Y AkIh[n
k=—o0
x[klh[n—k]
k=—0

Ky hiéu nhu sau:

o0

yin=xln]*hin]= Y x[k]hln—k]

k=—0
Ta goi day la tong chdp tuyén tinh roi rac (DT linear convolution). Viy dau ra ciia hé LTI 1a
dau vao chap véi dép tng xung.

Cin ctr vao chiéu dai cua dap tng xung, ta c6 thé chia hé roi rac thanh 2 loai: hé c6 ddp img
xung dai hitu han FIR (Finite-duration Impulse Response) va h¢ c6 dap vng xung dai vo han
1IR (Infinite-duration Impulse Response)
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2.3.2 Cach tinh tf;ng chap

Thay m=n—k ,hay k =n—m, vao phuong trinh trén, ta dugc:

i x[n—m)h[m] = i hmlx[n—m]= _Zw: h[m]x[n—m]=

i W m]x[n—m]= h[n]*x[n] = x[n]*h[n]

m=—0

Nhu viy, tin hiéu vao va dap Gmg xung c6 thé thay thé cho nhau ma khong anh hudng dén
dau ra hé thong.

Cic budéec tinh tong chap:

1. Viét x[n] thanh x[k], h[n] thanh h[k]

2. Pao thoi gian A[k] va dich di n dé tao thanh A[n—k]
3. Nhan x[k] va h[n—k] v61 moi k.

4. Cong x[k]h[n—k] v6i moi k dé duoc y[n]

Lap lai nhu vdy v6i moi n

Hai nguyén tic quan trong dé tinh tong chap:

1. Thye hién dao thoi gian cho tin hiéu don gian hon

2. V& d6 thi
Vi du:
Tim x[n]*h[n]= y[n]véix[n]=u[n+1]—-u[n—-3]+0[n]vah[n]=2 (u[n] —u[n— 3]) .

Luuy: N =N +N,—1,v6i N, 1a chitu dai ca i[n].
Vi du:
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Tim x[n]*o[n—n,]=
Pay 1a phép chap mot tin hi¢u roi rac voi xung don vi, két qua 1a tin hi€u roi rac bi dich
chuyén dén vi tri ciia xung don vi.

Vi du:
Tim y[n]= x[n]*Ah[n] trong d6 x[n]=a"u[n] va h[n]=ul[n]

Lam theo 2 cach: ddo x[n] va ddo Ah[n]
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Vi du:

Tim y[n]=u[n]*a"u[-n—-2]
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Ngoai cach tinh téng chap bang do thi, ta con c6 thé tinh dira vao cong thic tong chap.
Vi du:
Cho x[n]=h[n]=u[n]. Tim y[n]=x[n]*h[n]

o0 o0

Ta co: yinl= Y xkhn—k]= D ulklu[n—k]

k=—x k=—x

0

= > u[n—k] since u[k]=0, k <0

k=0

Ta cling co:
uln—k]=0,n—k<0ork>n= yn]=Y ()=n+l
k=0
Nhung:
ulk]=0, k<0andu[n—k]=0, k>n

= 0<k<n=n=>0.

Vi du:

Cho x[n]=>b"u[n] va hln]=a"u[n+2],voi a#b

Tim y[n] = x[n]*h[n].
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Vi du:

Chtrng minh rang khi cho tin hiéu x[n]=u[-n] di qua hé théng LTI c¢6 dap ung xung la:
h[n]=a"uln-2],

a| <1 thi tin hi¢u ra la:
2 n

u[2—n]+-2
—a l1-a

a

u[n-73]
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Vi du:
Cho x[n]=u[-n+2] va h[n]=a"u[-n], tim y[n]=x[n]*h[n]
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2.3.2 Cic tinh chit ciia tong chap

1. Tinh chdt giao hodn

x[n]*h[n]=h[n]*Xx[n]
Tinh chat nay da dugc chirng minh trong 2.3.2
2. Tinh chdt két hop

(x[n]*h,[n])*h [n]=x[n]*(h,[n]*h,[n])

Vé trai & day chinh 13 tin hiéu ra trong truong hop: x[n] 13 ddu vao cua hé dap ng xung
hy[n], dau ra y,[n] 1a dau vao cua hé c6 dap ung xung ho[n]. Pay chinh 13 2 hé mac ndi tiép.
Vé phai ¢ day chinh 1a tin higu ra trong truong hop x[n] la dau vao cuia hé co dap tmg xung 1a
hy[n]*ha[n]. Nhu vay, hai hé mdc néi tiép sé cé ddp g xung la chdp ciia hai déap iing xung
thanh phan.

Hon nira, tir tinh chat giao hodn ta thay c6 thé doi chd 2 hé mic ndi tiép cho nhau ma khong
lam thay d61 quan h¢ vao-ra chung cua hé tong quat

3. Tinh chdt phdn phoi
X[n]*(h,[n]+h,[n]) =x[n]*h,[n]+x[n]*h,[n]

V& trai 13 tin hiéu ra khi x[n] dwoc dua vao hé co dap tng xung 13 hy[n]+hy[n]. V& phai 14 tin
hiéu ra tong cta 2 tin hiéu ra khi x[n] dong thoi duge dua vao 2 hé ¢ dap tmg xung hy[n] va
ha[n]. DAy chinh 1 2 hé méc song song. Nhu vay, hai hé mdc song song sé c6 ddap iing xung
la tong cia 2 dép vmg xung thanh phan.

2.3.3 Cac tinh chat cia h¢ LTI

Quan hé vao- ra (I/O) cta hé LTI hoan toan c6 thé dugc dic trung boi dap ung xung hln].
Suy ra, ta c6 thé biét duoc cac tinh chat cua hé LTI dwa vao A[n]

1. Tinh c6 nho
Pap g xung ctia hé khéng nhé chi c6 thé ¢6 dang sau:
h[n]= Ko[n].
2. Tinh kha dao
Heé LTI c6 dap ing xung A[n] 1a kha dao néu ton tai mot ham %[n]sao cho:
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h[n]*h[n]=d[n]
Vi du:
Tim h¢ ddo cua hé A[n]=30[n+5]

3. Tinh nhan qua
Néu ta co A[n]=0,n<0 thi

yn]= Y Aklhn—k]= D x[k]h[n—k]
k=-o k=-0
chi phu thudc vao cac gia tri qua khir va hién tai cia tin hi¢u vao.
Vi du:
Xét tinh nhan qua cua cac hé sau day:
(a) h[n] = u[n]

(b) hy[n]=uln+2]

4. Tinh én dinh
Tinh 6n dinh théa man néu:

i |h[k]| < o0

k=—c0
Nghia 1a dap ung xung phai thoa diéu kién kha tong tuyét doi.
Ly do ¢ day la:
Véi | x[n]|£ M véimoi n,taco:

il S sn— kKl Y [xln— kK] = Y [ xin— k|| ALK]|<

k=-0
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k=—x0 k=—0

Vi M <o nén dé hé 6n dinh BIBO ta chi can:
D |hk]|<w
Vi du:

Hé  A[n]= Gj u[n] c6 6n dinh BIBO khong?

Vi du:
Xét cac dac dieém cua cac h¢ sau day:

(a) h[n]=u[n] (an accumulator)
(b) hy[n] =3"u[n]

(¢) [n]= (3)"uf ~n]

(d) A, [n] = cos(% mu[n]

(e) hs[n]=ul[n+2]—u[n]
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2.3.4 Dap ing budc
Pap g budc 1a dap Gmg ctia hé ddi voi tac dong 1a tin hiéu budc nhay don vi, ky hiéu dap
ung budc 1a s[n]

x[n]=u[n]
s[n]= i hkluln—k]= i hlk]

Ta co6 thé ¢6 A[n] tir s[n] nhu sau:
hn]=s[n]—-s[n—1]
Vi du:

n+l

bap ung budc cua hé¢ h[n]=a"u[n] 1a s[n]=u[n]*a"u[n]=-—uln]

—a

Tir dap ng budc ta co thé tinh duge dép tmg xung:
u[n—1]=u[n]-ol[n].
Béang sau tom tat vé cac moi quan hé, cac loai dap ung trong hai h¢ lién tuc va roi rac

Continuous Time Discrete Time

u@)=[ sz uln]= Z S[k]
s(t) = J._:O h(t)dr = h(t)*u(t) s[n]= i hk]= h[n]*u[n]
o) =iu(t) o[n]=u[n]—u[n—1]
dt

h(t) :%s(t) h[n]=s[n]—s[n—1]

2.4 HE ROI RAC LTI MO TA BOI PHUONG TRINH SAI PHAN

Noi chung, h¢ roi rac LTI co thé duoc dic trung hoan toan boi téng chap tuyén tinh. Hon
nira, cong thure tong chap cling cung cap cho ta mot phuong ti€n dé thyc hi¢n h¢ thong.

V&i hé FIR, dé thuc hién hé ta can cac khau cong, nhan va mdt s6 hitu han cac bo nhé. Nhu
vay c6 thé thuc hién tryc tiep h¢ FIR tir cong thirc tong chap.

Tuy nhién véi hé IIR, ta khong thé thuc hién hé théng thuc té dua vao téng chdp duoc, vi nd
yéu cau mot soO luwgng vo han cac khau cong, nhan va nhd.

Thuec té, c6 mot cach biéu dién hé roi rac khac ngoai tong chap. D6 1 biéu dién bang phuong
trinh sai phan.

2.4.1 Dang tong quat ciia phwong trinh sai phan

Ta biét tin hi€u ra cua h¢ thong phu thudc vao tin hi¢u vao va c6 thé phu thudc vao chinh tin
hiéu ra:

y[n]+a,y[n—1]+...+a y[n —N]=b x[n]+bx[n—1]]+...+ by, x[n —M]
= iaky[n -k]= ibrx[n -r], a,=1
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Pay 1 phuong trinh mé ta quan hé vao-ra clia hé tuyén tinh bt bién nén cac hé sd cua
phuong trinh 13 hing s6 va phuong trinh c6 tén goi 1a phuwong trinh sai phdn tuyén tinh hé sé
hang (Linear constant-coefficient difference equation)

Can ctr vao phuong trinh, ta phan h¢ roi rac LTI ra 2 loai:
1. H¢ khong dé quy:

Bac N =0, tin hi¢u ra chi phu thudc vao tin hi¢u vao

2. H¢ dé quy:

Bac N > 0, tin hiéu ra phu thudc vao tin hi¢u vao va vao chinh tin hi€u ra ¢ cac thoi diém
trude do

2.4.2 Giai phwong trinh sai phan tuyén tinh hé s6 hing

Vé co ban, muc dich ctua giai phuong trinh 1a x4c dinh tin hi¢u ra y[n], n >0 cta h¢ thong
ung voi mot tin hi€u vao cu thé x[n], n >0 va ing vdi cac diéu kién ban dau cu thé nao do.

Nghiém cuia phuong trinh 13 tong cta 2 phan:
yln]=y,[n]+y,[n]
Trong d6 yo[n] la nghiém tong quét ctia phuong trinh thuan nhét va y,[n] 1 nghiém riéng.

Nghiém téng quat yo[n] 12 nghiém cuia phuong trinh vé phai bang 0, tirc 1a khong c6 tin hiéu
vao. Dang tong quat cua yo[n] 1a:

Yoln]=CA +CoA, +...+ C Ay

Trong d6 A, 1a nghiém cta phuong trinh dac trung:

N

n—-k
2 k]
k=0

va C; 1a cac hé sd trong s6, duoc xac dinh dwa vao diéu kién dau va tin hiéu vao.
Nghiém riéng y,[n] 1a mot nghiém nao do théa phuong trinh sai phén trén vé1 mot tin hiéu
vao cu the x[n], n > 0. Noi cach khac, y,[n] 1a mot nghiém nao do cua phuong trinh:

N M
Zaky[n -k]= Zbrx[n -r], a,=1
k=0 r=0

Ta tim yp[n] c6 dang gidng nhu dang ctia x[n], chang han nhu:

x[n] yp [n]
A K
AM" KM"
A"n™ A Y+ KM L+ K)
A cosm,n .
. K, cosw,n + K, sin w,n
A'sin oyn

Vi du:

Tim nghiém tong quat y[n], n >0 cta phuong trinh:
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y[n]+a,yin—1]=x[n]
v6i x[n] 14 tin hiéu budc nhay va y[-1] 14 diéu kién dau.
Cho x[n] = 0, nghiém tong quat yo[n] lac ndy c6 dang:
Yo[n]=2"
Giai ra ta duoc:
A=-a,
Do vay, yo[n] 1a:
yo[n]=C(-a,)"
Do x[n] 1a tin hiéu budc nhdy don vi nén chon y,[n] c6 dang:
y,[n]=Ku[n]
& day K 1a mot hé s6, duoc xac dinh sao cho phuong trinh théa man. Thay yp[n] vao phuong
trinh trén ta duoc:
Ku[n]+a,Ku[n—-1]=u[n]
Pbé xé4c dinh K, ta tinh v&i n > 1vi trong dai do khong co $6 hang nao bi triét ti€u. Vay,
K+aK=1

1
1+a,

=K-=

Nhu vay, nghiém riéng cua phuong trinh la:
1
1+a,

y,[n]= u[n]

Nghiém tong quat ciia phuong trinh trén la:

yln]=y,[n]+y,[n]=C(-a))" + "
+a,

C duoc xac dinh sao cho thoa man diéu kién ban dau.
Cho n = 0, tir phuong trinh ta co:
yl0]+a,y[-1]=1= y[0] = —a,y[-1]+1
Mit khéc, két hop y[0] vira tim duoc voi nghiém tong quat ciia phuong trinh, ta co:

a,

y[0]=C+ L _ —-a,y[-1]+1= C=-ay[-1]+
I+a, I+a,

Thay C vao nghiém y[n] ta duoc két qua cudi cing nhu sau:

1 _ (_al )n+1

y[n] = (-a,)""y[-1]+ |
+a,

, n=>0

=Y [n]+y,n]

Ta nhan thiy nghiém cta phuong trinh gdm c6 hai phan:
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L. y,i[n] la dap vmg ddu vao 0 (zero- -input response) cua h¢ théng. Pap tng nay chi phu thudc
vao ban chét cia hé théng va cac diéu kién ban dau. Vi vay né con c6 tén goi 1a ddp iimg tr
do (free response).

2. y,[n] phu thudc vao ban chat ciia hé thong va vao tin hidu vao, do d6 nd con duoc goi 1a
dap vmg cuong buc (forced response). N6 duge xac dinh khi khong dé y dén diéu kién dau
hay 1a diéu kién dau bang 0. Khi diéu kién diu bang 0, ta c6 thé noi hé théng & trang thai 0.
Do vay, y,s[n] con duogc goi la dap ung trang thai 0 (zero-state response)

Qua day ta cling thiy: C phu thudc vao ca diéu kién dau va tin hiéu vao. Nhu vdy, C anh
huong dén ca dap tmg dau vao 0 va dap mg trang thai 0. Noi cach khac, néu ta mudn chi c6
dap tng trang thai 0, ta giai tim C véi diéu kién dau bang 0.

Ta ciing thay rang c6 thé tim nghiém riéng ctia phuong trinh tir dap tng trang théi 0:
y,[n]=limy,,[n]
Vi du:
Tim y[n], n>0 cua h¢ sau:
y[n]-3y[n—-1]-4y[n—-2]=x[n]+2x[n—1]

v6i x[n] = 4" u[n] va cac diéu kién dau bang 0.
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2.4.3 Thue hién hé roi rac LTI

Tt phuong trinh mo ta quan hé Véo—;a ta théy dé thuc hién hé LTI, ta can cac khﬁu} nhan, tré
va cong. Co nhié;u cach khéac nhau dé thyc hién h¢ roi rac, ¢ day ta xét cach tryc ti€p- la cach
thuc hién truc tiép dua vao phuong trinh sai phan ma khong qua mot phép bién doi nao

1. Dang chudn tic 1

y[n]+a,y[n—-1]+...+a,y[n —N]=b x[n]+bx[n -1]]+...+ b, x[n — M]

< y[n]=byx[n]+bx[n—-1]]+...+ byx[n—M]+(-a,)y[n —1]+...4+ (-ay)y[n — N]

2. Dang chuan tdic 2

Be ¥ thay ¢ dang chuan tic 1, hé thong gom 2 hé méc nbi tlep Theo tinh chét giao hoan cua

tong chap thi thr ty cac hé con mac ndi tiép co thé thay ddi dugc. Do vay, ta co thé thay doi
hé & dang 1 thanh:
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