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L% nidi dén

Sut ra d&i clia cde vi mach dién tr c& 16n (VLSI- very large scale integration)
di tao ra mot budc ngoit 16n trong xr Iy thong tin vi truyén thong. Pay 1a nén
tang ca su phat tri€n cdc thiét bi s6 chuyén dung ciing nhu mdy tinh v6i gid
thanh ré hon, kich thudc nhé hon, t6c do xir Iy cao hon; kéo theo d6 1a qué trink
s hda cdc thiét bi da va dang dién ra manh mé& trén toin cdu. Chinh vi vay ma
Xir 1y s6 tin hiéu (nghia 13 xir 1y tin hiéu bing con dudng s6) di trd thanh mot
nganh khoa hoc va ky thuat. Day 1a mot nganh khoa hoc va k¥ thuit méi da va
dang phit trién rdt manh va duoe dp dung rdt hiéu qua trong céc linh vuc thong
tin lién lac, phat thanh, truyén hinh, do ludng va diéu khién... Dé tiép can véi
nganh khoa hoc hién dai nay ching ta cin trang bi cho sinh vién nhitng kién
thic co ban nhat vé xir 1y s6 tin hiéw. Gido trinh Xa# Iy 56 tin hiéu duge bién
soan cho d6i tugng 1a sinh vién cao ding cdc nganh céng nghe ky thuat dién ur,
cong nghé phin cing mdy tinh, céong nghé vién thong, cong nghé doéng...
Gido trinh duge chia lam 6 chuong, dé cap dén céc khai niém co ban vé biéu dién
tin hi¢u va h¢ théng trong mién bién s6 n, mién z, mién tdn s6 lién we, mién tin
86 r0i rac; dinh nghia va cdc phuong phép t8ng hop cdc bs loc s6 FIR, IIR.

Mic dir gido trinh di duge sir dung d€ gidng day nhiéu nam tai Pai hoc
Bich khoa Ha Néi, Dai hoc Cong nghiép Ha Noi... nhung ciing khong trinh
khoéi nhing sai sét, nhdm Ian. Ching t6i rdt mong nhan dugc nhitng ¥ kién dong
g0p clia ban doc dé€ 14n di ban 16i duge hoan thién hon.

Moi ¥ kién déng gép xin giri vé:

- Cong ty CP Sich Dai hoc - Day nghé, NXB Gido duc, 25 Han Thuyeén -
Ha Noi. Di¢n thoai 04. 8264974

— PGS.TS. Nguyén Quéc Trung, Trudng khoa Dién tir - Vién thong, Dai
hoc Bich khoa Ha Noi, s6 1 - Dai C8 Viét - Ha Noi.

~ ThS. Kiéu Xuan Thuc, Phé Trudng khoa Dién ur, Dai hoc Cong nghiep
Ha N6i, Minh Khai - Tir Liém - Ha Noi.

CAC TAC GIA



Chuong 1
TIN HIEU VA HE THONG ROI RAC

1.1. MG BAU
1.1.1. Binh nghia tin hiéu

Tuy thudc vao pham vi sir dung clia tin hiéu ta ¢é cic dinh nghia
khdc nhau, ¢6 thé dinh nghia tin hiéu chung nhét nhu sau:

Tin hiéu la bidu dién vat Iy cila thong tin.

Vidu: :

— Cdc tin hi¢u nhin thdy la cdc dang 4nh sdng mang thong tin t6i mét
chiing ta.

— Cdc tin hi¢u nghe thdy 12 cdc sy bién déi ctia 4p suat khong khi
truyén thong tin t6i tai chidng ta. :

Tin hi¢u dugc chia thanh hai loai: tin higu lién tuc va tin hiéu rdi rac.
1.1.2. Binh nghia tin higu lién tuc

Néu bi€n doc 1ap clia sy biéu dién todn hoc clia mot tin hiéu 12 lien
tuc thi tin hiéu d6 duge goi 1a tin hiéu lién tuc.

Nhdn xér: Theo dinh nghia tin hiéu lién tuc thi tir lien tuc ¢ day dugc
hiéu Ia lién tuc theo bién sG.

Néu dua vao ham 86, chiing ta c6 thé phan loai tin hidu lién tuc thanh
hai loai:

+ Tin hiéu tuong tu.

+ Tin hiéu lugng ti hod.

a) Dink nghia tin hiéu tuong tu

Néu ham cua tin hiéu lién tuc 12 lién tuc thi tin hiéu dé duge goi la
tin hiéu tuong tu.

b) Dinh nghia tin hiéu lugng tit hod

Néu ham cia tin hiéu lién tuc 12 roi rac thi tin hiéu dé duge goi 13 tin
higu hrgng tir hod.



Vi di: Ching ta ¢6 hai tin hiéu lién tuc ¢6 bién s la thdi glan t, biéu
di&n trén hinh 1.1 13 tin hiéu tuong ty va hinh 1.2 12 tin hiéu lugng t hod.

x(t) 4 x(t) 1

/\/—\ | |

t : t

Hinh 1.1. Tin hiéu tuong tuy Hinh 1.2. Tin hiéu lugng tir hoa

4.1.3. Dinh nghfa tin hiéu rdi rac

Né&u tin hiéu dugc biéu dién bdi ham cha cdc bi€n roi rac thi tin hiéu
d6 duge goi la tin hi¢u rot rac.

Nhan xét: Tit i rac & day duge hiéu 1a rdi rac theo bién s0.

Néu dya vao bién do, chiing ta ciing ¢6 thé phén tin higu r&i rac thanh
hai loai:

+ Tin hidu 18y mau;

+ Tin higu s6.

a) Dinh nghia tin hiéu léy mau

Né&u ham ca tin hiéu rdi rac 13 lien tuc (Khong dugc lugng 1 hod) thi
tin hiéu d6 duoe goi 12 tin hiéu 14y méu.

b) Pinh nghia tin hiéu 86

Néu ham chia tin hiéu rdi rac 13 rdi rac, thi tin hiéu d6 duge goi 1a tin hi¢u s0.

Nhdn xét: Nhu vy tin hiéu s& 1a tin hiéu duge r&i rac hod ca vé bién
sG va bién do, con tin hiéu tuong ty 12 lién tuc ca vé bién s6 va bién do.

Vi du: Tin hiéu 1y miu hinh 1.3(a) va tin hi¢u 56 hinh 1.3(b)

x(t)

Ml |

a) Tin hidu 14y méu b} Tin hiéu 56

Hinh 1.3



1.2. CAC HE THONG XU LY TiN HIEU

C6 thé phan loai cdc h¢ théng xir Iy theo chinh tin hicu cdn xir 19:

— Hé théng dugce goi 1a he théng tuong tv néu & ddu vao cia hé théng
d6 chidng ta dit cdc tin hiéu twong tu thi & ddu ra chiing ta thu dugc cdc
tin hiéu tuong .

. vao ' Ra

Tin higu tuong tu x,(t) ‘ Tin hiéu tuang ty y(t)

Hinh 1.4. Hé thong tuong ty

— H¢ théng dugc goi 1a hé thdng s6 khi céc tin hieu & ddu vao va diu
ra clia hé théng Ia tin hiéu s&.

Vao Ra

Tin hiéu 88 x(n) ’ Tin hiéu sd y,(n)

Hinh 1.5. Hé théng s&
So d6 t8ng qudt clia he théng xit 1§ 6 tin hitu:
Vao Ra

——— ADC > Hé théng so > DAC |—
xa(t) xd(n) yd(n) ya{t)

Hinh1.6. Hé thong xir Iy s& tin hiéu

Nhdn xét:

— Tin hiéu tuong tu & ddu vao dugc chuyén sang dang s3 nh& mot he
bién déi tuong ty — s6 ADC (ADC — Analog Digital Converter). ‘

~ Tin hi¢u tuong tu & ddu ra dugce thiét 1ap lai nho hé bign ddi s6 -
tuong ty DAC (DAC — Digital Analog Converter).

Vay tin hiéu ra cda bo bi€n déi ADC 13 tin hiéu s8 x,(n), d6 1 tin
hi¢u vao cda h¢ thong s6, he thdng s6 nay 1am nhiém vy xi 1y tin hiéu s6
X4(n) va dua ra'tin hi¢u s§ y,(n). '



Nhu vay vé ban chat ching ta thuc hién viéc xir 1y tin hiéu tuong tu
bang con dudng s6, vi vay hoc phin nay duge goi 1a Xur Iy 56 tin hiéu.

1.3. TiN HIEU ROI RAC

1.3.1. Biéu dié&n tin hidu rdi rac

Cé ba cich biéu dién tin hiéu rdi rac: Biéu dién bing todn hoc, biéu
dién bang d6 thi va biéu dién bang diy s0.

a) Biéu dién todn hoc
Mot tin hiéu roi rac duge bidu dién mot day cdc gid tri thuc hoac phic.
Néu né duge hinh thanh tit cac gid tri thye thi ta goi 14 tin hiéu thuye, con
néu nd dugc hinh thanh tir cdc gia tri phidc thi ndé duge goi la tin hiéu phic.
Nhu ching ta di dinh nghia tin hiéu roi rac gém hai loai 1a tin hiéu
14y miu va tin hiéu s@ véi ky hiéu:
x,(nT,): Tin hiéu 1dy mau;
X,(nT,): Tin higu sé.
Ta thong nhat ky hiéu chung cba tin hiéu roi rac 1a x(nT,), & day nT,
12 bién doc lap, n l1a s6 nguyén va T, chu ky 14y méu. Dé thuan loi cho
cdch biéu dién tin hiéu r&i rac ching ta chuin hod bi€n s6 doc lap nT, bdi

chu k¥ 1dy mau T LU n

5

Nhu vay sau khi chuédn hod ta cé:

_ Chu#n hoa bdi T,
x(nT,) » XN}

Né&u trong mién bién s6 chiing ta chuén hod bdi chu k¥ 1y miu T, thi
trong mién tdn s& ching ta phai chudn hod bdi tdn s6 1dy miu F,

1
E=—).
(K T)

L3

Céch biéu diéntodn hoc tin hiéu rdi rac x(n):

( Biéu thifc todn, N, €n<N, (1.1)
x(n) =
0 , ncon lai

Vi du: Biéu dién todn hoc cia mét tin hiéu rdi rac nao dé:



1-Z 0<n<s
xmy={ 4

0, ncon lai
3 day N, =0 va N,= 4.
b) Biéu dién dd thi

D¢ tién cho viéc minh hoa trye quan hon chiing ta biéu dién tin hiéu
bang dé thi.

Vi du: Biéu dién tin hi¢u dusi dang dé thi cha tin hiéu;
n

1-—,0<n<4
x(n)= 4

0, nconlai

x(n) &

i 11,

Hinh1.7. Minh hoa biéu di&n d& thi cda tin hiu x(n)

*— -

¢) Biéu dién bing day sé
Bicu dién bing day s& la chiing ta liét ke cic gi4 tri ctia x(n) thanh
mot day sé nhu sau:
x(m) = { ..., x(n-1), x(n), X(n+1),... }

n

D€ chi gi4 tri clia x(n) tai gid trin ta dung ky hiéu 1, béi vi khi diing
cdch biéu dién ndy ta khong biét dau la x(n).

Tuy theo cdc trudng hgp ma sir dung céch biéu dién nao cho phi hop
va thuén lgi véi muc dich clia chiing ta.

Ghi chi:

— Vi tin hig¢u rdi rac thyc chat 13 céc ddy s nhu cdch biéu dién nay
nén ta thuong goi tin hiéu réi rac 1a ddy. Tin hiéu rdi rac x(n) con duge
goi 1a ddy x(n).

— Tin hiéu r&i rac x(n) chi duge dinh nghia v6i n 14 cdc s6 nguyén,
x(n) khong duge dinh nghia véi cic gid tri n khong nguyén.



1.3.2. Céac day ¢d ban

a) Day xung don v§
Trong mién n ddy xung don vi dugc dinh nghia nhu sau:

8(n) = {1,11:0 | (1.2)
0,nx0

D& thi cha 8(n) duge biéu dién nhu hinh 1.8

&
3(n)

Hinh 1.8. Ddy xung don vi
Vi du: Hay tim biéu dién todn hoc va d6 thj cla céc tin hiéu sau:
8(n — n,) va 3(n + n,)
Bai gidi:
Theo dinh nghia 8(n) ta cé:
1, n=n, 1,
&(n—n,) = {0’ ; 8(n+ng) = {

n#n, 0, n#-n,

n=-n,

D4 thi chia 8(n — n,) va 8(n + n,) biéu dién trén hinh 1.9(a) va 1.9(b)

b

8(n—ny) ‘ “S(n"'no)
1 1
-10[1  n n -, -10 1 n
a) Déyﬁ(n—nuj _ b} Day 3(n+ny)

Hinh 1.9,
b) Déay nhay don vi (ddy bdac dan vi)
Trong mién n, ddy nhdy don vi dugc dinh nghia nhur sau:

Ln=20
=0 13
u(n) {0,n<0 (13

10



D6 thi cta day nhay don vi u(n) duge bidu di&n trén hinh 1.10
F
u(n)

_ T~

32 10 1 2 3 4 5

=N J

Hinh 1.10. Day nhay don vj u{n)
Vi dy: Hiy biéu dién toan hoc va d6 thi cha céc day sau day:
u(n — ngy) va u(n + n,)
Bai giai:
Theo dinh nghia u(n) ta cé:

Ln2n, l,Lnz-n,

u(n—-n(,)z{ s u(n+n,) = {

O,n<n, 0,n <-n,

Do thi clia u(n — n,) va u(n +n,) duge biéu dién trén hinh 1.11(a),(b)

u{n—n,) 4 4 u(n+ny)
| 1111 il
1ol 1 0 e 10 1 2 n
a) Day u(n - n,) b} D&y u(n + ny)
Hinh 1.11
¢) Ddy chit nhét
Trong mién n diy nhit nhat dugc dinh nghia:
LO<n<N-1
recty(n) = .. (1.4)
0,n con lai
D3 thi clia day recty(n) cho trén hinh 1.12
recty(n) 4
1
2101 2 Nl n

Hinh 1.12. D8 thj cda day rect,(n)

11



12

Vidu:

Hiy biéu dién todn hoc va dé thi ctia diy recty(n-n,)
Bai gidi:

I, n,€n€N-~l+n,

0, n con lai

recty(n-n,) = {

D6 thi cha recty(n—n,) dugc bi€u dién trén hinh 1.13

&
rect,(n—ry)

Y e - & ' -

[
[
L

Y

3

N-1+n,
Hinh 1.13. Day rect,(n—n,)

d) Déay dée don vi
Trong mién n ddy dc don vi duge dinh nghia:
_jn, n20
r(n) = {O, n<0
Dé thi cha r(n) duge biéu dién trén hinh 1.14,

N . n

I 3
r{n)
’,
”
I,
5 ’,
4
4 ’
’/
3
’ —— —
2 A
s
106 1 2 3 4 5

Hinh 1.14. Diy déc don vj
e} D@y ham ma thuc
Trong mién n ddy ham mi thyc duge dinh nghia:

e(n) = a", nz=0
0, n<0

(1.5)

(1.6)



3 day a 1a tham s6.

Ddy nay tiang hay giam phu thugc vao gi4 trj cta tham s6 a 16n hon 1
hay nh6 hon 1 nhu trén hinh 1.15 (a),(b).

]
L

e(n) . e(n) s ’:’
14 T ¢.n ’I R
- T T‘*“:’" - »
-100 123 4 5 n -1 00123 45
a) Daye{n)vdiO<a<1, b) Daye(n)vsi a>1,
Hinh 1.15
g) Day sin

Day sin dugc dinh nghia trong mién n nhu sau:

s(n) = sin(w,yn)
D6 thi ciia s(n) véi o, = 27/8 cho trén hinh 1.16

. .2p
sin( 3 n)

1

3

N

h) Ddy mi phizc

AN

Hinh 1.16. Vi du vé diy sin

x(n) = expl(c + jo)n]

Ta c6: expl(oc + jo)n] = exp(on). exp(jon)
ma exp(jon) = cos(wn) + j sin{(on)
Do dé: x(n) = e “*[cos(wn) + j sin(wn)]

1.3.3. Mot sd dinh nghia

a) Day chu ky (déy tudn hoan)

Ta ¢6 thé ndi ring mét ddy 12 tudn hoan véi chu ky n néu ta cé;

(1.7)

(1.8)

(1.9)

13



x(n) = x(n + N) = x(n+kN) véi moi k (1.10)
Ta ky hiéu déy tuin hoan véi chu k¥ n bdi ddu "~',X(n) hoic X(n),
Vi dy. Hay biéu dién bing dé thi mot day tudn hoan vé6i chu ky N = 4.
Bai gidi:

Day X(n)y v6i N =4 cho trén hinh 1.17.

&

10| 12 3 4 n

X(n)

Hinh 1.17. D3y tudn hodnchu ky N=4
b) Ddy c6 chiéu dai hivu han
Diy duge x4c dinh véi s6 hitu han N miu (N diém trén truc hoanh)
goi 12 diy c6 chiéu dai hiru han; N duge goi 1a chiéu dai day.
Vi du: Hiy v& mot diy c6 chiéu dai hitu han N = 4.
Bai giai:
Diy x(n) c6 chiéu dai hitu han N = 4 duge biéu dién trén hinh 1.18.
) Iy

[T

-1 0 1 2 3 4 n

Hinh 1.18. Dy x(n) chidu dai N = 4

Nhan xét: chiing ta c6 thé xem diy x(n) nay c6 chiéu dai 16n hon 4,
tai cdc diém tiép theo ddy c6 bién do bang 0.

Ta thdy ring ddy u(n) c6 chiéu dai vo ciing, ddy 8(n) cé chiéu dai la
1; day recty(n) c6 chiéu dai 14 N. Néu ta ky hi¢u chiéu dai cia day x(n) la
L{x(n)] thi L[rect \(n)] = [0, N—1] =N.

¢) Ning lugng va céng sudt cia day

Ning lugng clia diy x(n) dugc dinh nghia:

14



» 2
E.= ) |xn) | (L.11)

O day || 1a ky hiéu ciia phép 14y modul
- Vi du: Tinh nang lugng ctia diy u(n) va recty(n).
Bai giai:

Eym = Zlu(n)l =

n=—w

Mle Z‘rect (n)| =

Cong suat trung binh cla day dugc dinh nghia la;

P = N_m 2N Z |x(n)| (1.12)

Ning luong cta diy x(n) 13 hitu han-N <n < N dugc dinh nghia:

z Ix(n)f (1.13)
Vay ta ¢é:
—P1Jme (1.1%4)
va P, = lim E, (1.15)
e N+ ™

Ddy nang hrong:

Néu ning lugng cha diy x(n) 13 hitu han (tc 0 < E, < ) thi x(n) goi
14 ddy nang lugng.

D3y céng suit:

Néu cong suit clta mot day x(n) 12 hitu han (téc 14 0 < P < <) thi x(n)
goi la day coéng suat.

Vi du: Tinh cong suét trung binh cla diy u(n) va rect (n).

Bai giai:

_ 1 = lim N+1 _I
u N'"D 2N nzl ( )‘ ll"l}‘;l" 2N n,Z_NII N—wo 2N +1 2

15



Ta thdy rang Emm“m =M la hitu han, vi vay P_ =0, con trong

Prccl!“(n] n—>uo 2N +

trudng hop téng quat n€u E, 12 v6 han thi P, ¢6 thé 1a vo han hoac hitu han.

d) Tong ciia hai ddy
Dinh nghia: Téng cha hai day nhan dugc bing cich cong timg doi
mot cac gid tri mau ddi véi cling mot tri s6 cha bién s6 doc 1ap.
Vidu:
Hay tim t8ng cha hai ddy x,(n) va x,(n): x,(n) = X,(n) + X,(n)
Vi X,(n) = rect;(n)
X,(n) = recty(n — 2)

Bai gidi:
Téng hai ddy x,(n) vi x,(n) dugc thyc hién trén d6 thi cho trén hinh 1.19.
x,(n) ¢
]
-1d 12 34 n
x{n) 1
-1 0 1234 I:
Xa(m) t
2
] ] |
-10 123 4 n’

Hinh 4.19. Téng x,{n) va x,(n)

e} Tich cua haiday
Tich ctia hai diy nhan dugc bing cdch nhan timg doi mot céc gid tri
méu d6i véi cing mot tri 56 cia bien doc 1ap.

16



Vi dy: Hay tim tich cha hai day x,(n) va x,(n) 14 diy x,(n) nhu sau:
X(1m) = X;(n).X,(n}
Vai: X, (n) = recty(n); x,(n) = recty(n — 4)

Bai gidi: Giai bang d6 thi trén hinh 1.20.

Ghi chi: Tich-ctta nhiéu ddy cling duge dinh nghia tuong tu,

) Tich véi hdng s6

Tich clia mot day v6i mot hing s nhan duge bing cich nhan tat ca
cdc gid tri méu cta day véi chinh mot hing sé dé.

Vi du: Hay tim day x,(n) = a.x,(n)

Biét o =2vaxn)=rect,(n—1)

Bai gidai: Giai bang 46 thi cho trén hinh 1.21.

xi(n) §

T

10123 4 h x,(n) 4

I e
L

1 -
. -1 0| 1 4 n
_ b
10/ 123456 n i)
2
x3(n) ¢ '
| X
101 234567 n 10 123 4 n
Hinh 1.20. Tich hai diy Hinh 1.21. Tich véi hing s&

g) Tré (dich)

Ta néi rang diy x,(n) 1 ddy lap lai tré clia diy x,(n) khic n,mau néu

ta cé: -
X,{(n) = x,(n — i) v&i mot n; (1.16)

17



trong dd n, 12 s6 nguyén, am hoac duong. Diy x,(n) cdn duge goi 1a tré
tuyén tinh cta x,(n).

Vidu:
Hay tim day tré x,(n) cta diy x,(n):
LM =x%x,m=1)

n
——, 0<ng

Vi x(m) =417 0snsd
0, nconlai

Bai gidi:

Giai bing dé thi trén hinh 1.22.

X1(l"l]“
Lm
—1o|l 1 2 3 4 n
x{n) ¢
| m
10 1 2 3 4 n
Hinh 1.22. Tré

Nhdn xét: Nhdy ¢6 cdc phép tinh trén ma chiing ta c6 thé biéu dién
mot day x(n) bat k¥ dudi dang téng quét nhu sau:

w0

x(n)= Y x(k)d(n-k)
= : (1.7)

1.4. CAC HE THONG TUYEN TiNH BAT BIEN

1.4.1. Cac hé thong tuyén tinh

a) Dinh nghia
Ky hiéu h¢ thdng:

18



Vao i Ra
» Hé théng

x(n) ¥y

Kich thich va ddp ting: Diy vao dugc goi Ia ddy kich thich (hay kich
thich), day ra dugc goi Ia dip ¥ing clia hé thdng véi kich thich dang khao sit.

Dac trung clia hé théng: Mot he thong xir 1y s6 duge dac trung mot
todn tit T 1am nhiém vu bién d8i diy vao x(n) thanh day ra y(n) ching ta
¢6 the sir dung hai ky hiéu todn tir sau day:

Tx(m)}=yn) (1.18)
Hoiic x(n) ——y(n)
Ching ta ciing c6 thé biu dién hé thong nay bing so dé:
- T -
x(n) ' y(n) = Tix(n}]
 (Kich thich) (D4p (ng)

Viduy:
Todn tit T 14 todn tir tré, ta cé:
T[x(n)] =x(n-— nu) = Y(n)

- B tré n, miu -
x(n} ¥(n) = x(n - n,)

b) Cdc hé théng tuyén tinh
D61 véi cde hé thong tuyén tinh, todn tir T phai thod man nguyén ly
x€p chong, vi th€ T dac trung cho mot he théng tuyén tinh bit budc phai
tudn theo quan hé sau:
Tla.x,(n) + b.x,(n) = T[a.x,(n)] + T[b.x,(n)]
= a.T{x,(n)] + b.T[x,(n)] = a.y,(n) + b.y,(n) (1.19)
O day a, b la hai hang s& bat ky;
y((n) la ddp ung cua kich thich x,(n);
¥,{n) la ddp ung cla kich thich x,(n).

Viduy:
Xéttodn tir tré T: T[x(n)] = x(n —n,) = y(n)
Ta cé: T[ax,(n) + bx,(n)] = aT[x,(n)] + bT[x,(n)]

= ax,(n - ny) +bx,(n - n,)
Vay h¢ théng dac trimg bdi todn t& T ndy 1a hé théng tuyén tinh.

19



c) Pdp itng xung cia hé théng tuyén tinh
Ta biét ring mot day bat ky x(n) ¢6 thé duge bidu dién bdi cong thiic:

o

x(m) = > x(k)3(n~k)

k=-=

Gi4 sir hé thong cha ching ta I3 tuyén tinh chiing ta c6 thé viét lai:
y(n)=Tlxm)]=T Y [x(k)3(n-k)]
k=0

Vi bién k ddc lap véi bi€n n nén ta co:
y(n) =Txm)] = > x(K)T[5(n-k]
k== (1.20)
Né&u ta ky hiéu h,(n) 12 ddp tng cta hé thong véi kich thich d(n—k)
tic la: hy(n) = T{8(n—k)].

3{n — k) -
Vao Ra

Khi dé ching ta cé:

Tlx(n - K] = hy(n)

Y-

o

y(n)= > x(kh,(n) (1.21)

k=— .

h,(n) duoc goi 12 ddp ting xung cla hé théng tuyén tinh.

Nhdn xét: '

— C4c heé théng tuyén tinh dic trung bdi ddp dng xung cua nd.

— hy(n) 12 ham ctia k va n, cdc gid tri cha k khéc nhau s& ¢4 cdc dédp
tng xung khidc nhau, c6 nghia 1a hé thong tuyén tinh nay phy thugc vao
bién k, néu bién k 12 thai gian thi hé théng phu thudc vao thoi gian.

Sau day chiing ta s& xét hé théng tuyén tinh bat bién theo bi¢n k, tic
12 dang ctia ddp dng xung h,(n) khoéng phu thuge vao k.

1.4.2. Cac hé thang tuyén tinh bat bién

a) Dinh nghia

Néu y(n) 1a ddp tmg tng vdi kich thich x(n) thi h¢ théng tuyén tinh goi la
bat bien khi y(n — k) 13 ddp tng cha kich thich x(n — k), & day K 12 s6 nguyén
duong hoidc am. Né&u bién s6 12 thdi gian thi ta néi bt bi€n theo thoi gian.

Vi du nhu hé théng y(n) = 2x(n) + 3x(n - 2) 12 h¢ théng tuyén tinh bat bi¢n,
hé théng y(n) = nx(n) + x(n — 2) khong phai 13 h¢ thong tuyén tinh bat bien.
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b) Tich chdp
Phép tinh tich chép chi duoce dinh nghia cho hé théng tuyén tinh bt bich.
Ta ¢6 quan hé: T[8(n)] = h(n)

T{3(n—k)] = h(n—k) = h,(n)

Ta cé: y(n) = i x(k)h, (n) = i x(k)h(n - k) (1.22)

Nhu vay hy(n) 1a ddp iing xung cla hé thong tuyén tinh bat k¥ con
h(n) la ddp Ung xung cua hé thong tuyén tinh bét bin, liic nay h(n) khéng
phu thudc vao k, tifc 1a néu bign 1a thoi gian thi & moi thdi diém khéc
nhau dédp ing xung ctia h¢ théng tuyén tinh bat bién luén 1a h(n).

Vay ching ta c6 thé néi ring ddp ung xung h(n) s& dic trung hoin
toan cho mot hé théng tuyén tinh bét bién.

»- hin)
x(n) - L ¥(n)

Ta cé quan hé sau:

- (1.23)
y(n)= 3 x(k)h(n -k} = x(n) * h(n) |

k=-on

Phép tinh (+) duoc goi 1a phép tich chap, quan hé (1.23) dugc goi la
tich chdp caa x(n) va h(n).

Sau day chiing ta s& xét cdc phuong phép thuc hien phép tich chap.

Phuong phdp 1: Phuong phdp tinh truc tiép (phuong phdp thé)

Khi thyc hién phép chép tryc ti€p, ta thudng phai tinh todn cdc tdng
bitu han hodc v6 han cédc s6 hang cé dang o va na". Cic bidu thic c6
dang don gian cho mét s§ chudi thudng gip duoc ligt ke trong bang sau:

= l_a = n 1

aIl = a =—— a <1
; I-a ; 1-a l ’
N-1 N n =

(N-Da" —Na"+a . a

na" = na" = 1
n=0 (1_3)2 g (l_a)z ' I
N-1 1 " N-1 1 .

n="N(N-1 > n? = NN-DEN-1)
n={(} n=0 )
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Vi dy: Hay thuc hién tich chap hai tin higu:
n >
x(n)=a"u(n) = a’, az0
- 0, n=<0
va h(n) = u(n)
Bai gidi:
Bing cich tinh todn truc tiép tich chap ta thay:
y(n)=x(n) *h(n)= Y x(k)h(n-k)= Y a“u(k)u(n-k)

s k=—ab k=—a

Viu(k) =0 véi k < 0 va u(n—k) = 0 khi n > k nén khi n < 0 khéng cb

56 hang nao khong bing 0 trong téng va y(n) =0, khin > 0 ta cé:

= 1-a

y(n): akz—
Z{ l1-a |
1_ o+l

Dovaytacéd: y(n)=

a u(n)

Phuong phdp 2: Phuong phdp gidi bing do thi

Céc budc thuc hién nhu sau:

Bitoe 1: V& hai chudi x(k) va h(k) nhu 13 cdc hdm cua k.

Biée 2: Chon mot trong hai chudi, vi du h(k), va ddo ngugc thai gian

cuia chudi nay dé tim thanh phén cta chudi h(-k).

Buée 3: Dich chudi di ddo nguge thdi gian bdi n. (Lwu §: Néun >0

diéu nay tuong duong v6i phép dich sang phai, con néu n < 0 diéu nay
tuong duong véi phép dich sang trdi).

Butée 4: Nhan hai chudi x(k) va h(n—k) va ldy téng céc tich d6i véi

moi gid tri cha k. K&t qua s& 1a gid tri cua y(n). Qud trinh nay dugc lap lai
vdi moi gid tri n ¢6 thé.

Vi du: Hay tinh tich chap y(n) = x(n)*h(n) trong d6 x(n) va h(n) duogc

cho b6t hinh 1.23.
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x(k) $ _ hik) 4

T Tl

2-10/1 234 5 k -2-10/ 1 2345 k
h(~kA h(1-k) 4

3t kN 2

2¢ 24+

1 1
2100123 45 k 2-1d 12345 P
h(2-k)4 ) h{~1-k)

3..

11

—k——-._.
R ]
PR e

— MW

_2'_1q 1 5 e '-2-10i1 2345 k
¥(n)
6 -
4]
2]
[ ] N
~2-10012345 6 n

Hinh 1.24. Tinh tich chép béng phuong phap d& thi
Bai gidi:
Buge 1: VE x(k) va h(k) nhu 13 cdc ham coa k, ta chon mot trong hai
chuéi nay dé dao nguge thdi gian. Trong vi du ta déo nguoc th¥i gian
chudi h(k) thanh chubi h(-k).

Buoe 2: Thuc hién phép nhan x(k).h(-k) va 14y tdng trén k, ta tim
thay y(0) =1.
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Buée 3: Dich h(-k) sang phai 1 don vi dé cé chudi h(i-k) thuc hién
phép nhan x(k).h(1-k) va 1dy tdng trén k, ta tim thdy y(1) = 3.

Bitée 4: Dich h(1-k) sang phai mat 1dn nita dé ¢ chudi h(2-k). Thyc
hién phép nhan x(k).h(2-k) v 1dy tdng trén k, ta tim thdy y(2) = 6.

Birde 5: Ti€p tuc theo cdch trén ta tim thady y(3) =5, y(4) =3 vay(n) =0
voin > 4.

Burée 6: Lay h(-k) va dich chubi ndy sang trdi 1 don vi dé c6 h(-1-k),
do tich x(k}.h(—1-k) = 0 vdéi moi k, ta tim thdy y(-1) = 0. Thuc t€ y(n) =0
viimoin < Q.

Mot thuc té€ thudng gap khi thyc hién phép chép giita hai chudi ¢é
chiéu dai hitu han 1a: n€u x(n) 1 chudi ¢6 chiéu dai L,, h(n) 1a chubi c6
chiéu dai L,, thi y(n) = x(n)*h(n) s& ¢4 chi¢u dai bang: L =L,+ L,-1.

Phuong phdp 3: Phuong phdp quy ludt truot

Mot phuong phdp khic dé chidng ta thyc hién phép tich chap goi 1a
phuong phdp quy luat truot (slide rule method), phuong phap nay thuan
lgi khi ca hai chudi x(n) va h(n) déu la cdc chubi hitu han va ton tai trong
khoang thdi gian ngin.

Cac buée thue hién:

Buée 1: Ghi céc gid tri cta x(k) doc theo dinh ctia t& gidy va ghi cac gid tri
cua h(-k) doc theo dinh chia mot t& gidy khdc (minh hoa nhu hinh bén dudi).

Buoce 2: X&p thang hang céc gid tri x(0) va h(0) cfia hai chudi, nhan
ting cap s& va cong cdc tich dé c6 gid tri y(0).

Buoe 3: Truot & gidy c6 chudi h(—k) vé phia phai 1 don vi, nhan timg
cap s 14y téng cla cic tich dé c6 gid tri y(1) va 13p lai viéc trugt nay vé
phia phai bdi n > 0. Cing thuc hién twong ty nhu vay vé phia trdi d€ thu
duge y(n) véi'n < 0. ¥(0)

Lx(=2) x(-1) x(0) x{(1) x(2) ..

.. h{2) h(1) nO) h{(-1) h(=2} ...

Vidu: Cho x(n) =rect,n)

I
va h(n)=4" 4
0 , nconla

24



Hay tinh tich chap x(n)*h(n)
(Thuc hién theo cdc budc trén, ban doc ty giai vi du nay).

¢) Tinh chdt cia phép tinh tich chdp
Tinh chdr 1. Tich chap ¢é tinh giao hodn
y(n) = x(n)xh(n) = h(n}*x{(n)

ymy= Y xWhtn-k)= 3 hoxm-k)  (1.24)

k=-a k=—w
Tir tinh chat nay ta thay hé thdng tuyén tinh bit bién ¢6 kich thich
x(n) va dap ing xung h{(n) s& tuong duong véi hé thong cé kich thich h(n)
va ddp Ung xung x(n).

o)

Chitng minh: Y= Y x(k)h(n-k)

k==

Thay bi&n n—k =lhayk =n-ltacé:

y(n)= Y x(kh(n-k)

k=-a

= i x{n—Dh(l) = i h(Dx(n -1)= h(n)*x(n)

t=—m |=-w0
Vay y(n) = x(n)+h(n) = h(n)+x(n)
[ S 313} S S — - xny | — .
x(n) y(n) h{n} y(n)

Hé thang tuy&n tinh bat bién Hé théng tuyén tinh bat bién

Hinh 1.25. Tinh chat giao hoan cua tich chap

Chit ¥: phép nhan c6 tinh giao hodn, vi viy chiing ta ¢6 thé viét:

y(n}=x{(n) * h(n) = i x(kh(n-k) = i h(n-k)x(k)

k= k=—a0

hin)+ x(n)= i h(lx{n-k)= i x{n - k)‘h(k)

k=— k=—o

Tinh chdt 2: Tich chap cé tinh két hgp
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y(n} = x(m)# [h(n)=hy(n)] = [x(n)*h,(n)]+h,(n) (1.25)
Quan hé nay ta thay viéc ndi ti€p hai hé thdng tuyén tinh bat bién cb
dap ing xung h,(n) va hy(n) s& tuong duong véi mét hé théng tuyén tinh
bat bién ¢ ddp ing xung 12 tich chép cla h,(n) vdi h,y(n): h,(n)xh,(n):
yi(n} = x(n)xh,(n)
y(n) =y (n)*hy(n) = [x(n)*h,(n)}*h,(n)
: = x{n)x[h (n)*h,(n)]
Tir d6 suy ra:  h(n) = h,(n)xh,(n) = h,{n)«h,(n)

h{m) el hyln) N — hin) (o Mo(n} [
x(n) y(n) T x(m) y(n)
——» hi{n)xhy(n)  f—— —_—] hynkhy(n)  ——
x{n} _ y(n) x(n) y(m)

Hinh 1.26. Hé th&ng tuy&n tinh bat bign mic nai tigp

Chitng minh:

-+

x(n) *[h, (n)*h,(n)]= > x(k)[h,(n - k) *h,(n - k)]

k=0

-3 x(k)[i h, (Dh [(n—k)—ll}

k==t

= i [ i x(Oh, [(n=1) —k]}hz(l)

|=—m | _k=—
= [x(n) * b, (n)]* b, (n)
Tinh chdt 3: Tich chdp ¢6 tinh phan phoi
y(n) = x(n) *[h,(n) + h,(n)] =[x(n) * h,(n)]+[x(n) * h,(n)] (1.26)

Tir tinh chdt ndy ta thdy rang n€u ndi song song hai hé thdng tuyén
tinh bat bié€n c6 ddp ding xung la h (n) va h,(n) s& tuong duong v4i mét hé
théng tuyén tinh bit bién ¢6 ddp ing xung 12 téng cla h,(n) va hy(n).

hy(m)

- = hy(n)+ hyn} ——
2 () I — x(n) ¥
X" hy(n)

Hinh 1.27. H& th&ng tuy&n tinh bat bién mic song song
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Chitng minh:
x(n)*[h,(n)+ h,(n)] = i x(k)[h,(n - k)+h,(n - k)]
k=-o

o

= 3 x@[hn-k)]+ 3 x@©hyn-k)

k

= [x(n) *h,(n)]+ [x(n) * hy(n)]
Vidu:

Cho ba h¢ théng tuyén tinh bat bién h(n), h,(n) va h,(n) dugc ghép
ndi theo hinh 1.28.

hy{n)

D —— h,(n) ——
x(n) y(n)
hy{n)
Hinh 1.28
Vai:
n
1-——, 0<ng2
h(n)=4" 2

0 , nconlai
hz(n)=%6(n—1)+u(n—-2)+u(n—6)

h,(n) = rect,,(n)
Hiy tim ddp ¢ng xung h(n) clia ctia h¢ théng.
Bai gidi:
Theo hinh v& 1.28 ta thdy ddp ing xung clia hé théng 1a
h(n) =[h,(n)+ h,(n)]*h,(n).
Dé thay h,(n) + h,(n) = recty(n), vi vAy h(n) = rect,(n)*rect,,(n)
* X4c dinh h(n) bing phuong phép giii tich:
h(n) = recty(n)*rect, (n)

h(n)=>1=n+1 0<n<5

k=1

3
h(n)=>1=6  5<n<10

k=0}
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5

h(n)= > i=16-n, 1l1Sn<l5

k=n-11)
h(n)=0 , Cdc gia tri n khac.
* Xac dinh h(n) bang phuong phap d6 thi: xem hinh 1.29.
4 hy(n)
1%
0,5 T
-10 12 3 4 n'
4 hy(n)
19
oo 1] 1]
-10/ 12 3 45 é n—

4 hy(n¥th,(n) = recty(n)

I

-10{ 12 3 456 n

4 hy{n) = rect,,{n}

il s

10012 3 4567 8910 1112 13141516 n

Hinh 1.29
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1.4.3. Hé théng tuyé&n tinh bat bién va nhan qua

a) Dinh nghia

Mot hé théng tuyén tinh bt bi€n goi 14 nhan qua néu ddp Gng cla nd
& thdi diém bat ky n = n, hoan toan déc lap véi kich thich cia né & céc
thoi diém tuong lai n > n,.

Néi cach khéc, d6i v6i hé théng nhan qua dép ting khong bao giv di
trudce kich thich ctia né.

b) Dap itng xung cuiia hé théng tuyén tinh bat bién va nhén qud
Dinh Iy: Mot hé thong tuyé&n tinh bat bién 13 nhan qua néu va chi néu
ddp ing xung h(n) clia né thoa min diéu kién sau day:

h(n)=0véin<0 (1.27)
Chitng minh: Gia st ta ¢6 hai kich thich x,(n) va x,(n):

X,{n) = x,(n) véi n < n,

X,(n) # X,(n) véin 2 n,
Hai dép ing cuia hé théng tuy&n tinh bat bién tuong ng la:

y,(n)= > x,(kh{n-k)

k=—m

o

yo(n)= Y x,(k)h(n—k)

k=—on
N€&u hé thong nay la nhan gua thi ta cé:
yi(n} =y,(n) vdin<n,
Chiing ta cé thé chia tdng nay thanh hai phin:

n,—1l

y,(n)= > x,(k)h(n—k)+ > x,(K)h(n-k)

k=—x k=ngy

ng—1

v, =Y x,(Kh(n-k)+ Y. x,(k)h(n—k)
k=—o0

k=ny

Véi k < n, thi x,(k) = x,(k) do dé:
-1 -1

> x,(Kh(n-k)= Y x,(k)h(n-k)

k=—w k=ny

Y-y, =3 x(Oh(—K)= > %, ()h(n - k)

k=n, k=ng
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= i [x,(n)-x,(n)]|h{n-k)

Néu k > nythi x,(k) # x,(k) = X,(k) — %,(k) = 0 véi k > n,
Ta thdy rang néu hé théng la nhan qua thi v6i n < n, ta cé:
¥i(n} = y,{n) =0

hay > [x, )= x,(m)]hn-k)=0
k=—at

Dé thod min diéu kién nay, ta budc phai c6:
h{in-k)=0véin<n,vakz n,

Ta dat m=n-k
véi n<n,vakznthi(n-k}<0,tacé6m<0

Tathuduge: h{m)=0véim<0

Dinh ly 43 duge chitng minh.

Dinh Iy ddo: Néu dap Gng xung h(n) cia mét hé théng tuyén tinh bat
bi€n bang khong véi n < 0 thi hé théng d6 1a nhan qua.

Nhdn xét: DOi v6i hé théng tuyén tinh bat bién va nhan qua ta c6 thé
bién céng thirc tich chap theo tinh chat h(n) =0 véin < 0.

0

y(n)=x(n)+h(n)= > x(mh(n-k)
k=—om
0, viik>n
20, viik<n

h(n—k)={

= y(n)= > x(n)h(n—k)

k==m

Né&u viét duéi dang khac:

y(n) =h(n)*x(n} = i h(k)x(n—k)
3

=—uh

Vi h(k)=0véik <0

=yn)= Z h(n)x(n-Xk)

k=U)
Néu dép tng xung cd chiéu dai hitu han:
h(n) = #0, 0<n<N-1
™M=10, n<0n>N-1
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= y(n)= Y h(n)x(n—k)

k=t}

Vi dy: Hay kiém tra tinh nhan qué cha hai hé¢ théng tuyén tinh bat

bién dugc cho béi phuong trinh sau:

y,(n)=2x(n- 1)+ x(n-2)
¥o(m) =3x(n— 1} + 2x(n - 2) + 8{n + 2)
Bai gidai:
Ta biét rang h(n) = y(n) khi cho x(n) = 8(n), 4p dung ta cé:
hi(n)=28(n- 1)+ &(n-2)
hy(n) = 38(n - 1) + 28(n-2) + &(n + 2)
D4 thi biéu dién h,(n) vA h,(n) nhu sau:

I 3
hyn } hytn)

— ko
i 1
13 T
- b ———
N —e
F
| ———a
i_‘ S
L I
=
l——s
N

[ ]
Fa
=
|
N
|
-
(=3
—
IR |
F e

Hinh 1.30

Xem hinh 1.30 ta thdy:
h,(n) = 0 vdi n < 0, h,(n) 12 nhan qua
hy(n) # 0 v6i n < 0, hy(n) 12 khdng nhan qua

¢) Day nhédn qud

Tuong ty nhu chiing ta c6 thé ding khai niém nhan qua d6i véi cdc diy:

Mot diy x(n) duge goi 1a ddy nhan qua néu thod mién;
x(n)=0véin<0

Dai v4i hé thdng tuyén tinh bat bi€n nhan qua thi:
hin)=0vdin<0
= h{n-k)=0véik>n

=+ n

Dodétacs: y(m)= ) x(kh(n-k)= D x(k)h(n-k)
k=-mw k=-w
Nhung x(k) = 0 véi k <0 = y(n)= D x(k)h(n—k)

k=0

(1.28)
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Tuong ty ta ¢é: y(m) =D hk)x(n-k)

k=0

= y(n)=) x(Kh(n-k) =D h(k)x(n-k)  (1.29)
k=0 k=0
d) Tin hiéu va hé théng phdn nhén qud
Nguoc véi khdi niém nhan qua ta ¢d khdi niém phan nhan qua
(anticausal).
Mot tin hiéu roi rac x(n) duge goi 1a phén nhan qua néu chiing ta cé:
x(n)=0 v6i n>0 (1.30)
Mét hé théng rdi rac duge goi la phan nhén qua néu dép ung xung
h(n) clia n6 thod man diéu kién:
h(in)=0v6in>0 (1.31)
Viduy:

Xét tinh nhan qua cua cac tin hiéu cho trén hinh 1.31.

4 xi{n) .x:,(ﬁ}

NERIA L1l

-5 -4-3-2-108 1n -5 4 -3-2-1 01 1 n

Hinh 1.31. Vi du vé diy phan nhan qua
Bai gidi: X,(n) va x,(n) 1a cdc tin hiéu phan nhan qua
x,(n) 1a tin hiéu phan nhan qua c¢é chiéu dai vo han.
X,{n) 13 tin hiéu phan nhan qua c6 chiéu dai hitu han.
LIx ()] =[—w, 0] =
Lx,(m)]=[-4,0] =5

1.4.4. Ha th&ng tuyén tinh bat bi&n &n dinh

a) Dinh nghia

Mot hé théng duge goi 1a én dinh néu dng véi ddu vao gidi han, ta ¢
day diu ra gidi han. _

Titc 12 véi | x(n)| < o véin batky tasé c6 |ym)] <o véin bt ky.

Vidu:
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Xét sy on dinh ciia hai h¢ théng TTBB o6 dép ttng xung la
h;(n) = rect ,(n) va h,(n) = u(n) biét hai hé¢ thdng nay cé cing diy kich
thich dau vao 1a x(n) = u(n).

Bai gidi:
J day day vao x(n) bi han ch& & 1
| x(n) ! = 1< 0 vdi n bat ky.
Bay gid ta xét day ra y,(n) vi y,(n).
¥:(n) = u(n)*recty(n) va y,(n) = u(n),u(n)
Két qua thu dugc trén hinh 1.32
Tir hinh 1.32 ta thdy ring:
| y,(n) | <4 <o véi moi n => He théng én dinh.
| y,(n) | = oo khin— w0 = Hé théng khong én dinh.

§ x(n) = u(k) } x(n) = u(k)
JANAN I
o] 1 k o 1 K
4 h(0—k) 4 hy(0—k)
11 LT
. — — 3 2-10] 12 K
~4-3-2-10] 12 k
[
$ yitn) R
5 [
4l , 4
3 3 '
2 4+ 2 [ —
10| 12 E -10| 12 3 4 K

Hinh 1.32
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Ghi chii: Néu xét dip ing xung clia hé théng ta ¢6:

5, = i h@)|=1+1+1+1+=4<»

n=-—ad

§, = i lhz(n)l=1+1+l+1+.;.=oo

Téng S, hitu han thi hé théng 6n dinh.

Téng S, v6 han thi he théng khéng 6n dinh.

Vay ching ta c¢6 thé dua vao ddp dng xung h(n) dé xét sy 6n dinh cia
he th6ng ma khong cin tinh ddp dng ra y(n), ta ¢6 dinh 1y sau:

b) Dinh ly

Mot hé thdng tuyén tinh bt bién 12 6n dinh néu va chi néu ddp ling
xung clia né thoa man diéu kién sau:

s= Z |h(n)| < o0 (1.32)

[0

1.5. PHUONG TRINH SAl PHAN TUYEN TINH HE SO HANG

1.5.1. Phuong trinh sai phan tuyén tinh

V& mat todn hoc, kich thich ddu vao x(n) va ddp Ung ddu ra y(n) cha
hau hét cdc hé théng tuyé’n tinh thod mén phuong trinh sai phin tuyén
tinh sau:

Zak (n)y(n-k) Zb (n)x(n-r) (1:33)

J day N vi M 1a céc s6 nguyén duong, N 1a bac ciia phuong trinh sai phan.

'Nhdn xét: Trong phuong trinh nay tap hgp cic he s6 a(n) va b(n) s&
biéu dién toan b6 hanh vi ctia hé théng d6i voi mot gid tri n cho trude.

Vi du: Cho hai hé théng tuyén tinh duwgc cho bdi phuong trinh sai
phan sau: '

He théng 1 vy,(n) = nx(n)
He théng 2 y,(n) ==2x(n) + x(n—1)
Hidy tim bic va cic hé sd a,(n) va b(n) '
Bai gidi:
Xéthe thong 1: y,(n) =nx(n) c6 N=0; M =0 = la h¢ thong béc 0
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an)=1;a(n)=..=ayn)=0
by(n) =n;bn) =...=by(n)=0

G day a,(n) = 1 Ia héng s6, nhimg b,(n) = n 12 phu thudc vio bién s6
n, by(n) khéng phai 1a hing s3.

Xét he thong 2: y,(n) = 2x(n) + 3x(n-1) c6 N=0; M = | = 1a h¢
thdng bac 0.

an)=1;a(n) =.=ayn)=0
by(n) ==2; b(n) = 1; by(n) = ... = by(n) =0
G day céc hing s a,(n) va b (n) déu 12 cic héng s8 doc 1ap vdi n.
Hai h¢ th6ng déu la hé théng tuyén tinh, nhung hé théng 1 khong
phéi 12 he théng tuyén tinh bt bién vi he s6 clia n6 khong phai 1a hing
56, h¢ thong 2 1a hé théng tuyén tinh bat bién vi hé s6 cha né 1a hing s&.
1.5.2. Phuong trinh sai phan tuyén tinh hé s6 hing
Mot phuong trinh sai phan tuyén tinh hé s hing bac N ¢6 dang:

2 ayn-k)=2 bx(a-r) (1.34)

O day cic hé s6 a, va b, 1a cdc hing s& khong phu thudc vao bién doc
lap n. '

Chung ta s€ viét phuong trinh dudi dang khéc sau day:

a,y(n)+ Z a,y(n-k)= z b x(n-r)

k=1 =0

i . b Soa,
Néu a,# 0 tacéy(n) =) —x(n-r)~> —Ey(n-k) (1.35)

r=Q ‘a[) k=) a(]

D¢ giai phuong trinh sai phan tuyén tinh hé s6 hiing ta c6 hai phuong
phdp: phwong phdp th€ va phuong phép nghiém téng quit.

a) Phuong phép truc tiép (phuong phdp thé)

Phuong phédp thé€ 1a phuong phdp gidi phuong trinh sai phan béing
cich thé€ cdc gid tri y(n) va x(n) ti nho dén 16n.

Vi du: Cho hé thdng c6 phuong trinh sai phan bac nhat:

y(n) = ay(n~-1) + x(n).
Hay tim ddp tng xung va ddp ing clia h¢ théng biét y(n) =0 vdin < 0.
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Bai gidi:
— Tim h(n):
Néu x(n) = 8(n) thi y(nY = h(n) = h(n) = ah(n-1) + &(n)
Theo di€u kién ddutacéy(n) =0véin<0=hn)=0v8in<0
h(0) =ah{-1)+6{0)=al0+1=1
h(1) =ah(0) +8(1) =a.l+0=a
h(2) =ah(1) + 8(2) =aa+0=a2a’

------

h(n) =ah(n—- D+ dn)=aa"'+0=a"

Vay h(n) = a".u(n)
He théng nay 12 hé théng nhan qua.
- Tim y(n):

y(0) = ay(-1) + x(0) = a.0 + x(0)
y(1) = ay(0) + x(1) = a.x(0) + x(1)
y(2) =ay(l) +x(2) = a*x(0) + ax(1) + x(2)

. y(n) =a"x(0) + a"'x(1) +...+ ax(n — 1) + x(n)
= y(n)=Y a*x(n-k)
k=0
- Day ciing chinh 14 biéu thic tinh tich chap c¢la h(n) va x(n) khi h(n)
va x(n) déu 1a nhan qua.
b) Phuong phdp nghiém téng qudt
Cic budc giai phuong trinh sai phian tuyén tinh hé s6 héng bang
phuong phdp nghiém téng qudt:
Buéc 1: Tim nghiém tdng quét cha phuong trinh thudn nhat y,(n).
Phuong trinh thudn nhét 13 phuong trinh c¢6 v&€ phai bang 0, phuong
trinh thuédn nhat cé dang:

N
>ayn-k)=0 (1.36)

Théng thudng nghiém téng qudt c6 dang ham mi y,(n) = o thay vao
phuong trinh trén ta cé: ‘
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N k
E aa"™ =0
k=0

a,0” + a, 0" + L+ ay 0" pa e N =0
= "™ (30" + 2,0 + ..+ ay @ +ay) =0

Va ta cé phuong trinh:

(a0 +a ™ + .+ a 0 +ay)=0 (1.37)

Phuong trinh ndy duge goi 1a phuong trinh déc trung clia hé théng va
da thitc v& bén trdi goi 1a da thic dic trung, né cé bic la N,

Phuong trinh dac trung s& c¢é N nghiém duoc ky hi¢u 1a o, o,,..., ay;
cac nghiém nay ¢6 thé 13 thuc hoic phitc. Néu cic nghiém tring nhau thi
ta ¢6 nghiém boi. _

Gia st ching ta c6 N nghiém don a,, a,,..., Gy, ta s& c¢6 nghiém tong
qudt clia phuong trinh sai phan thudn nhét dudi dang sau:

N
YoM =A0" + A0+ 4 Ay @y, A0 =Y A al (1.38)
k=1

O day cic gid tri A, A,,..., Ay [a cic hing s& s& duge xdc dinh bdi
cdc diu kién ddu.

Néu nghiém dic trung cda phuong trinh sai phan 1a cdc nghiém boi
thi nghiém téng quét y,(n) ctia phuong trinh s€ thay ddi. Gia st o, la
nghiém boi bac 1, ta s& cé:

Yoln) = A0+ Ag@yt ApnG™t A’y ..+ Ay 0™ ot L.+ Aoy

= Yo(m) = A o+ (A + Ay + Apn’ + ok Ay ™) o)+ . 4+ |

+ Ay 0 + Ay | - (1.39)

Buoc 2: Tim nghiém riéng clia phuong trinh sai phan khéng thuan nhst.

Phuong trinh sai phan khong thuén nhat 13 phwong trinh dng véi ddu
vao x(n) # 0, dang téng quat: '

N M
2. 8y(-k)= bx(n-r) (1.40)

k=0 T=l)
Nghiém rieng niy ky hi¢u I y(n). Théng thudng dang cia yp(n)
duge chon gidng nhu dang ciia x(n).
Néu y,(n) lai nam trong y.(n), tiic 1a trong thanh phin y.(n) cé y, (1)
thi ta phai chon y,(n) doc lap v6i cdc thanh phdn clia y,(n). Cich chon
¥p(n) cling giéng nhu chon y,(n) trong trudng hop ¢ nghiém boi.

37



V1 du néu yy(n) c¢6 chifa thanh phdn Aja”; thi y,(n) phai chon 1a Bna”,
chit khong duge chon Ba'
Budc 3: Tim nghiém téng quat clia phwong trinh sai phan. _
Nghiém téng quat ctia phuong trinh sai phan 13 téng cia hai nghiem:
nghiém t8ng qudt cia phuong trinh thudn nhét y,(n) va nghi¢ém riéng cia
phuong trinh khong thudn nhat y (n)
_ y(m) = yo(n) + y,(n)
Buoc 4: Tim gid tri céc he 56
Gia tri cdc hé s8 clia nghiém cudi cling y(n) s& duge xdc dinh nho
diéu kién ddu.
Vidu:
Gidi phuong trinh; y(n) + 2 y(n—1) = x(n) véi diéu kién dau: y(-1) =0
va x(n) = n.
Bai gidi:
Buéc 1: Tim nghiém tdng quiét y,(n) cta phuong trinh thuén nhat.
Phuong trinh thuin nhat cé dang:
y(m) +2y(n—1)=0
Chon dang clia y,(m) A" tacé o’ + 2" =0 = o™ (e +2) =0
Phuong trinh dic trung: o +2=0= o;=-2
Phuong trinh dac trirng chi ¢é m§t nghiém don
=2 = ym) = A0t =A(-2)
Buwoc 2: Tim nghxem riéng clha phuong trinh khOng thudn nhat.
Phuong trinh khong thuin nhat:
yn)+2y(n-1)=n
Chon nghiém riéng y,(n) c6 dang gidng x(n) =n =y, () =Bn +C
Thay vao phuong trinh khong thudn nhit dugc:
Bh+C+2[Bn-1)+Cl=
Bn+C+2Bn—-2B+2C=n
3Bn+ (3C-2B)=n
Pdng nhat cdc hé s& clia hai v€ ta co:

1 2 1 2
B=—;C=—= =—n+—
3+ C=g @ Vm=gn+g
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Bugc 3: Tim nghiém t8ng quat clia phuong trinh sai phan:

Y= Yo +y, ()= A, (2 +3n+

Buce 4: Xac dinh cdc hé s6.
Dua vao céc diéu kién ddu y(-1) = 0, ta c6;

1 2 2
“1=A (-2 —=+Z=0 A =-=
y(-D)=A (-2) 345 el

Vay nghi¢m t6ng quét cla phuong trinh la:
1 2

“n+Z[1-(=2) ], win20
y(m) = n+9|: ( )] vm‘nl'
0 , 1 ¢On lai
| ) .
hay y(m) ={ 5n+§.|:1—(—2) ] }-u(n)

Vi du: Giai phuong trinh:

y(n)— % y(n—1)=2x(n)+x(n-1)

1 o
Véi diéu klén diu: Y(_l) =0 vi X(n) =(E)

Bai gidi:
Budc 1: Tim nghiém y,(n) phuong trinh thuin nhat.
Phuong trinh thudn nh4t:

1
y(n)—=y(n-1)=0
2
Chon dang y,(n) 12 " ta cé:
1 -1 n-1 1
"o =0 a -=)=0
L (a 2)

Phuong trinh dic trung:

(
\

:)

Buoc 2: Tim nghiém riéng y,(n) phuong trinh khong thudn nhat.



y(n)~—1y(n-u1)=2[1] +[%]

Trong trudng hop nay néu chon y,(n) ¢6 dang giéng x(n) tic la:
y,(n)= B( )"
Nhu thé€ s& triing v3i yo(n), vay ta phai chon y (n) c6 dang sau:
1.,
y,(n)=Bn(=)
2
1 1 1 1 -1 1 n 1 n-1
Bn|=| ——B(n-1|=| =2|=[ +]=
= “[2) 2 )[2] [2} (2]
Pdéng nhat hé s6 ta cé: B=4
1 n
Vay: y,(n)=4n [5)

Budc 3: Tim nghiém téng quét cda phuong trinh-y(n)
1Y 1y
y@) =Yo(m+y, () =4, ['2') ' 4“[5)

Bugc 4: Xéac dinh cic hé sg
Dua vao diéu kién d4u y(-1) = 0, ta c6:

-1 -1
y(-1)=A, [%] +4(—1)G) =0=>A=4

Vay nghiém tdng quat cha phuong trinh sai phén:

y(n) = ( ](l+n) nz0

0, n con lai

1.5.3. Cac hé thong dé quy va khdng dé quy
a) Hé théng s6 khéng dé quy
Phuong trinh sai phén tuyén tinh hé sd hing bac N ¢6 dang téng quat:
Zaky(n k)= Zb X(n-r)
k=0

Trong trudng hop néu N = 0, ta cé:



M

y(n)=zix(n—r); a, =0 (1.41)

=0 &

Tu day ta cé:

-~ Dinh nghia: H¢ théng duge dic trung béi phuong trinh sai phan
tuyén tinh bac khong (N = 0) duge goi 12 he théng khéng dé quy.

— Nhdn xét: T quan h¢ trén ta thay ring b, 12 cdc hing s&. Vay hé
théng s6 khong dé quy 1a hé th6ng ma dap ving y(n) cha né chi phu thuoc
vao kich thich & thoi di€m hién tai va qua kh.

C6 thé viét:  y(n) = F[x(n), x(n—1),..., x(n~M)] (1.42)

& day F[.] ky hiéu 1a ham.

Néu goi h(k) = b, thi tir (1.41) ta s& cé:

y(n) = h(k)x(n-k) (1.43)

k=0
Phuong trinh nay la biéu thitc tinh tich chap giita h(n) va x(n) khi h(n) Iz
nhin qua va c¢d chiéu dai hitu han: L{h(n)] = M + 1. h(n) chinh 14 ddp ting
xung cla h¢ théng khéng dé quy. '
‘Vay c6 thé néi ring: He théng tuyén tinh bat bi€n nhan qua c6 dap

: M
iing xung chiéu dai hiru han duge mé 1 bdi tich chap y(n) = Y h(k)x(n k)

k=0

1a h¢ thong khong dé quy hay con goi 13 hé théng ¢é ddp Gng xung chiéu
dai hiru han, (ti€ng Anh li: Finite — duration Impulse Response System,
viét tit 1a FIR system),

Vi du: Tim dap dng xung clia hé thng khong dé quy cho bdi phuong
trinh sai phan: y(n) = x(n) + x(n - 1) + x(n — 2) + x(n - 3).

Bai gidi: .

Trudng hgp nay N = 0 va M = 3, vay hé th6ng nay 12 khong dé quy
va L[h(n)] = 4. '

PE tim h(n) ta thay x(n) = 8(n) thi )

y(n) = h(n). +
Ta co: h(n)=dm) + dn+ 1) + 8(n + 2) l l I

+8(n + 3) = h(n) = rect,(n). © ol 123 ; ; -
Vay hé théng nay 1a h¢ théng FIR,

h(n) dugc biéu dién hinh 1.33. _ Hinh 1.33. H& théng khéng dé quy
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* Nhan xét vé dap iting xung clia hé thdng FIR:
Ta ¢6 phuong trinh sai phan cla hé théng FIR la:

M
y(n) =Y b,x(n-k)

Nhu vay ddp ing xung h(k) cia hé théng FIR chinh la cic hé s6 b,
Ta c6: ” ' (1.44)
b,, 0sk<
b = { . Vvei0<k<M

0, cac gia tri khic
* Tinh &n dinh ca hé théng FIR:

Ta c6 S= z|h(k)1 2|h(k)l Db

k=

Néu b, 1a 58 hitu han thi téng S luén luén hitu han:
S= ) In(k)| <
k=—n

V4ay hé théng FIR luén én dinh.

b) Hé théng dé quy
Trong trudng hgp néu N > 0 ta c6 phuo‘ng trinh sai phan bac N sau:

y(n)= Z—x(n - z y(n-X); véia,#0

=0 4 I} k=l a[)

N N
= Zbrx(n—r)—Zaky(n—k); voia, =1 (1.45)

=0 k=1

Vay ta c6 dinh nghia: '

Pinh nghia: Hé théng dic trimg bai phuong trinh sai phan bac N> 0
duge goi 1a he thong dé quy.

Nhén xét: Tt quan hé (1.45) ta thdy: b, v a, 1 cdc hing s6, vay hé
théng dé quy 1a hé th6ng ma ddp tng y(n) cha né phu thuge vao kich
thich & th¥i di€ém hién tai v qud khit v phy thudc ca vao ddp ng & thoi
diém qud khuy.

y(n) = Fly(n -1), y(n -2),..., y(n ~N), x(n), x(n-1),..., x(n — M)]; (1.46)

F[.] 12 k¥ hiéu ham. '

Khi gidi (1.45) v6i x(n) = 3(n) ta thu dwgc dép ting xung h(n) va thay
ring h(n) ¢6 chiéu dai v6 han. Vay h¢ théng d¢ quy 1a he théng c6 dip
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Ung xung c6 chi€u dai v6 han (Infinite — duration Impulse Response
System, viét tat: IIR system). '
Vidu:
Hay tim ddp tng xung va xét én dinh cho he thOng dé quy cho bai
phuong trinh sai phan:

y(n) = ay(n-1) + x(n)

Véi diéu ki¢n ddu y(n) =0 véin < 0. .
Bai gidi: $ hm= 6 um
Tacd N=1vaM=0, viy hé théng ndy

12 hé thong dé quy. N&u thay x(n) = §(n) ta 1 4

c6 y(n) = h(n): 0-75"“1\'
h(n)=ah(n-1) +8m)  2° | I‘ :
Ding phuong phép thé€ tim dugc: wad | T T-e.
h(n) = a"u(n) 10|12 3 4 5 n

h(n) dugc biéu di&n hinh 1.34.

Day la hé thoéng dé quy va ciing 13 hé Hinh 1.34. Hé théng dé quy
théng IIR, L[h(n)] = [0,+] = '

Xét tinh én dinh:

5= 3 Incoj=

kn—on

+ Néu [a| <1 thi Ss& hoi ty: S =1—_1|—;T , hé th6éng 6n dinh.

+ Néu |a]>1 thi S s phan k¥, he thong khong 8 dinh. '
Qua vi du nay ta thdy rang khdc v6i he théng FIR, tinh dn dinh cha
h¢ thong IIR tuy thudc vao céc trudmg hgp, do d6 ta ludn phai xét 8n dinh

cho he théng IIR. Day 1a nhugc diém ciia bd loc s6 IIR so véi bo loc FIR
xét vé quan diém d6 én dinh.

¢) Hé théng dé quy thudn tuy (Purely recurse system)

He¢ thdng s6 dé quy thudn tuy la trudng hgp riéng cla hé théng sé dé
quy khi M = 0. Néu N >°0 va M = 0 thi phuong trinh sai phan tuyén tinh
bac N nhu sau:

y(n)=b,x(n)-Y a,y(n-k), a,=1 (1.47)

k=i
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Phuong trinh nay 12 phuong trinh dac trung cho hé théng dé quy
thudn tuy. |
Nhdn xét: Tix phuong trinh dac trung nay ta thdy b, va a, 14 céc hing
s6, vay h¢ thong d¢ quy thudn tuy 1a hé théng ma dép v¥ng y(n) clia né phu
thudc kich thich & thoi di€m hién tai vavao dép ting & thai diém qui khit.
y(n) =F[x(n), y(n - 1), y(n - 2),..,y(n - N)]  (1.48)
Tat nhién h¢ thdng dé quy thudn tuy ciing 12 hé théng IIR.

1.5.4. So dd thuc hién hé théng tuyén tinh bat bién

a) Cdc phén ti thuc hién hé théng '

Dua vio phuong trinh sai phin hé s6 hang (hé théng TTBB) ta thdy
rang dé thyc hién hé TTBB cén 3 loai phén tit: phin tir tré, phin tit nhan
va phdn tir cong. Ki hiéu cha ching duge cho trén hinh 1.36.

—— D — B6 tré (D: Delay - Tré)
x(n) x{n—1}
x(n}
X,(n) 1) - B¢ cdng
L
Yx(n)
=1
X{n)
l %
(%) - B nhan vai hing s&
x(n) ox(n)
o
D’ - B nhan véi hing s6
X(n} ox(n)

Hinh 1.36. Cac phan t& thye hign had thong tuydn tinh bat bign
b) Thuc hién cdc hé thong rii rac '
Mot hé théng tuyén tinh bat bi€n va 6n dinh 1a hé th6ng thyc hién
dugc vé mat vat 1§, dit cho hé théng dé khong dé quy, dé quy hay dé quy
thuén tuy. :
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Dua vao phuong trinh sai phan tuyén tinh hé s§ hang cuta timg hé
thdng mé chiing ta c6 thé x4y dung so dé téng qudt clia ching trong céc
hinh 1.37(a), (b), va (c).

U
- - F gty
y(n)
Fyx{n— 1}, x(n - 2),...,
*{n — M)]

FIX(N, X(A = 1)..... x{n — M)]

a) Hé théng khéng d& quy

20
P . Fom .Y
x(n) T 4 -
y(n)
Flx{n ~ 1), x(n — 2), Faly(n = 1}, y{n - 2),
ey X0 = M)] - ¥(n~ N}

\

Fly(n—1}.... y(n = N}, x(n}, x(n — Dovens X(0 = M)]

b} Hé thong d& quy

Ve

Fan

x(n) 1 ‘ yin)
Fuy(n - 0, yin-2),

v ¥ = NJ)

F[Y(n_1 )r"'r y(n—N). X(l"l)']

c) Hé thdng dé quy thudn tuy -

Hinh 1.37
Nhan xét:

— He théng khong d¢ quy, so d6 cia né khong c6 phan héi, vi vay né
Iuén én dinh, tic 13 he théng FIR luén én dinh.
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— He théng dé quy, so d6 clha ndé gém hai khéi F,va F,, F, giong hé
théng khong dé quy con F, 1 thanh phan phan héi. Do ¢6 nhanh phan héi
nén ta phai xét d6 6n dinh cha IIR.

— Heé thong dé quy thudn tuy, so d6 cia nd chi c6 b, va F, do F, la
nhéanh phin héi nén né ciing 12 hé théng IIR do d6 phéi xét do on dinh.

Vidu:

Hay v& so d6 cdu tric cha hé théng 1di rac duge cho béi phuong trinh
sai phan tuyén tinh sau:

Y(ﬂ)=—zak}'(n k)+Zb x(n r)

k=1
Bai gidi:
Pay l1a hé thong dé quy ¢6 N = M = 3. C4u tnic cha nd duge v€ trén
hinh 1.38.

- ™ »(¥ T -
I 1> > 1
@ Ip by D | ¥
¥ 8 3
0 + <]
3
D D
3, ¥
| ~1 ’
| Rt - I |
D b, 8]
]
-1 3
3 T + <}
by
Hinh 1.38

CAU HOI VA BAI TAP
Bai 1: Hay xét cac hé théng sau day cé phai 14 hé thng tuyén tinh hay khéng:
a) Tixm]=x*()=y(n);  b) T[x(n)] = nx(n} = y(n)

Bai 2: Hay tinh cac tich chap x{n) *h(n) y(n) theo cac phugng phap truc tiép.
da thi va quy luat trugt vai: .

a) x(n) = 8(n—1); h(ny="]2  n=0
]
10

n=1
n con lai
2 n=0
b) x{n) = u{ — n); h{n} =1 =_1; n=1
0 nconlai
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Bai 3: Dap {ng xung cba hé thBng tuyén tinh bat bién cho bdi h(n):
_Ja". n o
h(n)-.{o. nep 0<ac<i

Hay tim dap (ng cha hé thdng vdi kich thich:
x{n} = recty(n)

Bai 4: Hay kiém tra tinh 8n dinh cla cac hé théng tuyén tinh bat bi&n cé dap
Ung xung nhy sau;

1 o 1
Ry(0) = ZUln=1); i) = ()" <1l ~1) ) =~ utn—1) '

Bai 5: Giai phuong trinh sai phan sau:
y(n) = x(n} + ay(n—1) véi didu kidn diu y(—1) = 0; x(n) = u(n)
a) Giai bang phudng phap thé.
b} Giai bling phuong phap nghiém t8ng quat.
Bai 6: Giai phuang trinh sai phan sau:
y(n) — 3y(n—1) - 4y(n~1) = x(n) + 2x{n—1)
a) Vdi diéu kién d8u y(-1) = y(-2) = 0; x(n) = 4"u(n)
b) Vi diéu kidn ddu y(—1) = 1; y(-2) = 3; x(n) = 4"u(n).
Bai 7: V& so d6 thyc hién cac hé thdng dugc md ta bdi cac phudng trinh sai phan
sau:
a) y(n} — 2y(n—1) + 3y(n-2) = x(n) + x(n—1) + 2x(n—4)
b) 2y(n) + 6y(n-3) + 3y(n—4) = x(n)
¢} 3y(n) = x{n-1) + 3x(n-3) + 4x(n-5)
Bai 8: Tim dép ing xung clia hé thdng tuyén tinh b4t bién cho bdi s dé thue hién sau:

1 hy(n) = hyn)
hy(n)
j%)—-{, o] ho(m) |
x{n} ¥{n)
h{n)
*1  h(n)
Hinh 1.39
Trong dé: hy(n}=&(n + 1) f,(n) = &(n)

ha(n} = recty(n — 1)  hy{n) = u(n — 1} = u{n — 5)
ha(n) = 3(n + 1) he(n) = 8(n - 2)
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Bai 9: Hay tim dép {hg xung clia hé thdng tuyén tinh bat bign cb so dé thuc hién sau:

X(@) ! y(n)

o

0,5
<1 ]
|
Hinh 1.40.
Bai 10; Tim phudng trinh sai phan cda hé th&ng tuyén tinh bét bién & hinh 1.41

x(n) L~ y(n}
' Y T ’
D D
2 4

—D—®
D
Hral
Hinh 1.41
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Chuong 2

BIEU DIEN TIN HIRU \
VA HE THONG ROI RAC TRONG MIEN Z

2.1. DAT VAN BE

Trong chuong 1 ching ta da nghién ctu tin hiéu va hé théng rdi rac

trong mién n va thay ring c6 nhiéu khé khan trong viéc tinh todn va phan

tich h¢ thong trong mién nay nhu viéc tinh tich chap, gidi phwong trinh sai
- phan... D€ khic phuc nhiing han ch€ trén ngudi ta sit dung céc phuong
phdp gidn ti€p d€ nghién ciu tin hieu va he théng bing cdch chuyén tir
céch biéu didn tir mién n sang mot mién trung gian, mién nay thuan loi cho
viéc nghién ctu va c6 thé chuyén déi nguoc lai mién n dugc.

Chuong nay ta s& nghién ciu phép bién déi Z (Z - transform, viét tit
la ZT). Phép bi&n déi Z wrong tu nhu bign déi Laplace trong viéc phan
tich tin hiéu va hé théng lién tuc.

Quan hé giita mién n va mién Z dugc thé hién trén hinh 2.1.

ZT

IZT
Hinh 2.1. Quan hé gira mién n va mién Z

2.2. BIEN POI1 Z

2.2.1. Bién ddi Z hai phia (The two-side Z-transform)
Bién d8i Z hai phia clia diy x(n) dugc xdc dinh theo coOng thiic:

X(@Z) = i x(n)Z™ (2.1)

n=—a
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Ky higu:  ZT[x(n)] = X(Z)
hoac x(n) ZT X(Z)

& diy Z 1a mot s6 phic: Z = Re[Z] + jIm [Z] (Re: real part — phéan thuc;
Im: Imaginary part — phan ao).

Tap hop tdt ca cdc gid tri thyc cua 1 Imiz]
Z tao thanh mot dudng thing goi 12 truc
thuc. Tap hop tdt ca céc gid tri ao cua Z z
tao thainh mot dudng thing goi 12 truc r
ao. Dat hai truc nay vudng goéc vl ®
nhau goi 12 mat phéng phic Z.

Ngoai ra, Z con dugc bidu dién
dudi dang toa d6 cuc: Z = re’

Re{z]

Hinh 2.2. Mit phing phue

Re [z] = rcosm
Im [z] = rsin®

Phép bién déi Z da chuyén viéc biéu dién tin hiéu x(n) ¢ mién n

thanh viéc biéu dién tin hiéu X(Z) trong mién Z, tic 1a trong mat phéng
phiic Z.

Sau day 12 mot s6 cong thitc thudng sit dung khi tim ZT:

LLE]

Zl=nz—nl+l

1
—— néu \x|<1
Zx“ =41-x

o=0 o néu lx|21
ixn _ _xN-I-l < 1
n=(}

N, _ Nl

Zx x:t_l

n=N,
Vi du: Hay tim ZT cla cdc diy sau:
x,(n) = 8(n)

X,(n) = (%) u(n)

50



1 n
X3(n) = *[—iJ u(~n-1)
Bai giai:
Sir dung dinh nghia dé tim X(Z) ta ¢6:

X\(Z) = ZT[x,(n)] = i dmZ" =1.Z" =1

X,(Z)= 3 x,()Z" =Z{%) z

Nm—y n={}

= N (lz—ljn._ l_%z-'l
n=0 2

o néu ]Z] sl
2

néu |Z| “,»l
2

n=—x ne-|

X, @)=Y 5z =-Z[%J "

néu jZ‘ *:_l
ol S ]. _ _1_ Z—I 2
~Seny {Fery 1)+ 2
n=] n=0 v
w0 néu |Z|_>.-l—
2
Nhin xét: ’ |
~ X(Z) 16n tai v&i moi gid tri cha Z, tde 12 toan b mait phéng Z hay
con néi X,(Z) hoi tu trong toan mat phing Z. -
1 .
- X,(Z) t6n tai véi |Z]> 5 We 12 X,(Z) hoi'ty trong mién ngoai
dudng trdn ban kinh r = 1/2 trén mat phéng Z.
~ X,(Z) t6n tai véi

Z!<l, tic la X,(Z) hoi tu trong mién trong
2

dudng tron bén kinh r = 1/2 trén mét phing Z. B

Bidu thifc cha X,(Z) va X,(Z) gidng nhau chi khic nhau v& mién hoi
tu, vi th¢ mot bien déi Z (X(Z)) s& t6n tai duy nhat mét x(n) d€ c6
ZT[x(n)] = X(Z) khi xac dinh chinh x4c mién héi ty ciia X(Z).
2.2.2. Bi&n di Z mét phia (The one-side Z — transform)

Dinh nghta: Bi€n ddi Z mot phia clia diy x(n) duge dinh nghia nhu sau:

51



XHZ)=ZT" [x(n)] =D x(n)Z™ (2:2)

n=(0)

S& 1 & trong X'(Z) dung &€ k¥ hiéu cho bién d6i Z mét phia. Su khic
nhau co ban giita bién déi Z mot phia va bi&n déi Z hai phia 1a téng theo
n bién déi Z mot phia chi chay tir 0 dén .

Vidy: Tim ZT va ZT' clia céc day sau day:

X,(n) = &(n)
X,{n) = rect;(n + 2)
X;(n) = 8(n) + &(n - 3)
Bai gidi:
Ta dung dinh nghia dé tim bién déi Z:
X(Z)y=X'(Z)=1

[-+] 0 . I
X,(Z) = Z recty(n+2)Z27" = Z 2 =7 +Z+1

n=—a n=-2
XU2Z) = rect,(n+2)Z™" =1
n=l)
XNZ)=X,(Z)=1+Z"

Nhan xé1: Néu diy x(n) nhan qua thi bién d8i Z mot phia va bién d6i
Z hai phia nhu nhau.

2.3. S TON TAI cUA BIEN P61 Z

2.3.1. Binh nghia mi&n hdi ty '
Mién hoi tu cta bién déi Z hai phia 1 tap hop tat ca cic gid tri cha Z

o)

ma tai d6 chudi X(Z) = 2. XWZ™ haity.

K¥ hiéu: RC[X(Z)] — doc 1a mién hoi tu cha X(Z) (Trong dé RC la
viét tit ctia Region of Convergence — mién hoi tu).

Vi bién d6i Z mot phia ciing cé dinh nghia mién hdi ty tuong

Mién hoi tu cGia bign ddi Z mot phia 13 tap hop t4t ca céc gid tri cha Z

ma tai d6 chudi X'(Z) = ZUX(“)Z'“ héi tu.
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Vidy: Tim X(Z) va mién hdi tu v6i x(n) = 2"u (n).
Bai gidi:

Tuong ty nhir vi du trong muc

2.2.1 ta tim dugc X(Z)= :ﬁ
v6i mién hoi ty |Z}>2

Mién héi tu clia X(Z) 1 toan
bo mit phdng Z bd phan hinh tron
¢6 ban kinh r = 2 (hinh 2.3).

Hinh 2.3, Bigu didn mién hoi tu

2.3.2. Tiéu chuan hdi tu Cauchy
Tieu chudn hoi tu Cauchy phit biéu:

Chudi zxn =Xg +X +Xy . (2.3)
n=0
héi tu néu thod man:
H
Lim|an <1 (2.4)
Dé 4p dung tiéu chudn héi tu Cauchy ta viét lai X(Z) nhu sau:
X(Zy= 2. x()Z™" =X (Z)+X,(Z)
vai @ -1
Xi(2)= Y xn)Z™, X,@) =3 xmzZ”
n=0 . n=—x '
Ap dung tieu chugn cho chuéi X,(Z)
1 I
Lim|x(n)Z™[* <1 Lim|x(n)fs "'[ <1
1
Pat R, = Lim|x(n)[»
-+ (2.5)
ta cé R, . Z“| <1 suy ra: lz| >R,

Nhu vay X,(Z) s& hoi tu véi [Z]> R, _ , tifc Id mién nim ngodi dudng
tron bdn kinh 1A R

Tuong ty 4p dung tiéu chuén cho chudi X,(Z):
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Vit lai X2(2)= 2 x(WZ" =x(0) = 3 x(~mZ" ~x(0)

n=— n={}

x(0) 12 mot s& hitu han, nen X,(Z) hoi ty khi 2.3CMZ" poi 1.

n=i}

Tuong ty trén ta c6 |Z) <R, , v6i R,, = Lim|x(-n) (2.6)

Nhu vay X,(Z) s& hdi tu véi
|Z|<R,, . tic la ben trong dudng
tron ban kinh 1a R,

Mién hoi tu cia X(Z) chinh 1a
giao cua mién hoi tu coa X (Z) va
mién hoi tu cua X,(Z):

RCXZ)) = RCX,(Z)] A RCKLD)] Hinh 2.4, Mién hai tu ctia X(Z)

Néu R, < R,, mién hoi ty cta X(Z) 1a mién vanh khan, véi bén kinh
trong 12 R, ban kinh ngoai la R,, (hinh 2.4).

Nhdn xét:

— Giéd tri R,_va R, dugc quyét dinh bdi x(n).

— Néu x(n) 12 ddy b chan trdi thi mién hoi w cia X(Z) 1a [Z]> R,

— Néu x(n) 12 day bi chan phai thi mién héi tu cia X(Z) 1a |Z[<R,,
—Néu R_> R, thi mién hoi ty 1a réng, c6 nghia 1a X(Z) khong ton tai.

2.4. BIEN DO1 Z NGUGC (1ZT: INVERSE Z TRANSFORM)

2.4.1. Cyc va khong {poles and zeros)

Trong thuc t€ ta thudng gap bién ddi Z t6n tai dudi dang phan thic:

X@) = @.7)
D(Z)
Véi N(Z) 12 da thic bac M: N(Z) = b, + b,Z + b,Z? + ... + b, ZM
D(Z) 12 da thic bac N: D(Z) = a, + 3,Z + a,7% + ... + aZ"
a) Pinh nghia cuc
Cic diém Z = Z, dugc goi 1a diém cuc néu X(Z,,) = co. Vay di€m cuc

chinh 12 nghiém cla da thitc miu s6 I(Z), néu D(Z) 1a da thiic bac N s&
cé N diém cuc, va c¢6 thé viét lai D(Z):
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N

D(Z) = a\(Z ~ ZyWZ~ Zp). .. (Z - Zp) = 2 | (22, ) (2.8)

kel
b) Pinh nghia khéng

Cic diém Z = Z,, duge goi la diém khong n&u X(Z,,) = 0. Vay diém
khong chinh 14 nghi¢m ciia da thie tlf s6 N(Z), néu N(Z) la da thirc bac M
s€ ¢ M diém khong va c6 thé viét lai N(Z):

M
N@) = bul(Z = ZyNZ = Z).. (Z = Zpw) = oy | [(Z - Z,,) (2.9)

Tir d6 c6 thé biéu dién X(Z) dudi dang cdc diém khong va diém cuc
nhut sau:

H(z Z,  Jlz-z.

b

X(Zy="M By e =l =C= Vi C =M (2.10)
1Z-z0  T1Z-70 o
k=1 k=i

Trong mit phang Z cédc diém cuc duge ky hiéu bdi dau "x", cdc diém
khong duge ky higu bang dau "o", va chu ¥ rang diém cuc khong bao gidy
nam trong mién hoi tu clia X(Z)

Vidu:
Cho X(Z):z—z_§-—— |2]>2. Tim cdc diém cuc va diém khong
25 =32+2
ctia X(Z) va biéu dién trén mit phang Z.
Bai giai:
X(Z) ¢6 mot diém khong: Z,, = 3, hai d1em cuc: Z, =1, Z,, = 2 duge
bi€u dién trén hinh 2.5. X
fmf{Z]
Z,
—y
12 3N RelZ]
Zp1 201
Hinh 2.5

2.4.2. Bién ddi Z ngugc

Sau khi khao sat tin hiéu va hé thdng trong mién Z ta cdn phai dwa né
trd lai mién n bang phép bién ddi Z nguoc.
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Bién d6i Z nguoc (IZT) duge dinh nghia bdi cong thitc sau:
1 _
x{n)=——qaX(Z).Z"'dZ 2.11
(m)=55;4%(2) @.11)

Trong d6 C l1a mot dudng cong khép kin bao quanh géc toa d6 cha
mat phing phitc theo chiéu duong va nim trong mién héi tu cla X(Z).

Trong thuc t&€ ¢6 ba phuwong phédp dé tinh bién ddi Z ngugce:

* Khai trién thanh cdc phan thic 16i gian.

» Khai trién thanh chudi ldy thira.

= Tinh tryc ti€p tich phan dudng theo cong thic (2.11) dung ly
thuy€t thang du, goi 12 phuong phép thing du.

O day chi xin gidi thiéu phuong phép khai tri€n thianh phan thic t6i
gian, day 12 phuong phdp don gian va thudng duge 4p dung trong thuc té.

- Noi dung phuong phédp: Trong thuc t& ta thudng gap bién ddi Z tén

N(Z)
D(Z)
v6i N(Z) 12 da thic bac M: N(Z) = b, + b,Z + b,Z” + ... + byZ"

D(Z) 1a da thirc bac N: D(Z) = a, + a,Z + a,Z% + .... + ayZ"
Néu M = N, ta lay N(Z) chia cho D(Z), két qua duge:

X(Z) = SZ) + (I;((?) v6i S(Z) 1a da thitc ¢6 bac M — N, Q(Z) = D(Z)

tai duéi dang phén thice: X(Z) =

PZ)
Q(Z)

Bay gid ta ti€n hanh khai trién Q((Z)) thanh céc phan thitc t6i gian.

Néu M < N thi S(Z) =0 va X(Z) =

Xét cac trudng hgp:
*) Néu Q(Z) ¢6 N nghiém don:
P(Z) _ i A,
Q2) &=(@2Z-2,)

(2.12)

Véi: Z, lacac diém cuc don clia (1;((?) , A, dugc xéc dinh theo cong thic:

P(Z) (2.13)

Z-Z
T *Q@)|Z
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* ) Néu Q(Z) ¢6 mét nghiem boi:
Gia sir Q(Z) c6 mot nghiém boi 1a Z; va ¢6 béc 1a s khi do:

PZ) _ ([ A v G
QZ) [zz-zﬁ +Z(Z—Zpl)j] (2.14)

k=l i=1

Véi: Z,, 1a cic diém cuc don, Z, 1a cyc boi clia P((ZZ‘)) , A, va € duge

xac dinh theo cong thic:

P(Z)
=(Z-Z Q.15
= )Q(Z)l ( )
g P(Z)
C =0 SIaZ [( pk)* Q(Z)]Zﬂw (2.16)

Sau khi khai trién xong X(Z) ta tim IZT cda timg biéu thitc rdi cong
chiing lai @€ dugc x(n).
‘Trong qué trinh tim IZT clia cc biu thic ta thudng gip sit dung cic
cOng thirc sau:
» 1ZT[C.Z" | = C8(n+N) (v6i C 12 hiing 56, N 12 s6 nguyen)
[z 17 HZu) Um) néu iz >|z,|

'IZT = 3 = 4
1-Z,Z" | _(

Z, ) U(-n-1) néu |2} <|Z,|

Lz _r(Zpk)HU(n—l) néu |i|>|zw|
7Tz, Tzt _1“(

Z, )H U(—n) néu iZl <\Zpk\

o [(ZW)T U N-1) néu fz]>1Z,]
. IZT ] =

77 | ) venow ws <
2,z ] [n(z) v no 25[2,
o IZT "k—_lz}
| (1-Z,Z7) _n( )U(—n 1) néu |Z|< |Z[,L|
Vi du:
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Z-1

Ch | ="
o XD = 1z|>3

Tim x(n) tuong ng.

Bai gidi:

X(Z) c6 thé viét lai nhu sau:

_ Z-1 _ A . A,
(Z-2)3Z-3) Z-2 Z-3

Ap dung céng thic 2.13 ta cé:

X(Z)

Z-1
(Z-2XZ-3)|Z=2
Z-1
(Z-2)2-3)|Z
X(Z) = — 2
Vay Z-2 Z-3
Ap dung cédc cong thire IZT & trén ta duge:
Xx(n) = -2"u(n) + 2.3"u(n)

A1=-(Z_2) =-1

A2 = (2_3)

3

2.5. CAC TiNH CHAT CUA BIEN D01 Z

2.5.1. Tinh tuyén tinh

Néu x(n) = a.x,(n) + b.x,(n) thi X(Z) = a.X,(Z) + b.X,(Z)
Véi X(Z) = ZT{x(n)], X(Z) = ZT[x,(n}], X,(Z) = ZT[x,(n)],
a, b 1a cdc hang s6

RCIX(Z)] = RC[X (Z)] ~ RC[X,(Z)] va ta ciing cé:
R,.=max{R,,_, R]

R, = min[R,,,, R,;,]

2.5.2. Tinh chat tré

Néu y(n) = x(n — ny) (n, 1a s6 nguyén}, voi ZT[x(n)] = X(Z) va
RCIX(Z)]: R, < {Z}< R,, thi Y(Z) =Z™ X(Z).

Néun,>0thi RC[Y(Z)]: R, < {Z}<R,,,Z=#0

Néun,<0thi RC[Y(Z)]: R, < {Z}<R,,, Z# x
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Vidu:

1y R%
Cho x,(n) = 3 u(n) | x,(n) = 5 u(n+2),

Tim X,(2) 161 suy ra X,(Z).
Bai gidi:

Theo vi du trong muc 2.2.1 ta ¢c6 X, ()=
1 n+2
Viét lai x;(n) = 4['2*] au(n+2)=4x,(n+2), 4p dung tinh chat tuyén

tinh va tré ta cd:

2

X (Z)=4Z7X(2)= ~mua>%z¢w

17"
2
Viduy:
Cho X(Z)=——2—— v6i |7} > 2, tim x(n).
(Z-1(Z-2)
Bai gidi:

X(Zyco lcycdonZ,, =1 vamdtcuc bdi Z, =2 cé bac la 2

X(Z)= A, + = + = -
Z-1 7-2 (z_z)

Ap dung cong thitc 2.15 va 2.16 ta cé:

Z

A, = (Z-1). —~—-—-~———(Z - DZ_2)

Z=1

-1

Z=2 (Z-1)
:«-o—-—-—"-Z :2
Z=2 Z_1|Z=2

7=2

1 d?.-l , Z
l“(2~1ndZ”‘PZ_2)KZ—IXZ—2f]
1 422 , 7
= - |@z-2p—
@—2ndZPZPZ )(Z—&XZ~2f]

1 -1 2
+ + 3
-1 Z-2 (z_z)

G

va X(Z)=
y (Z) Z
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1
—— |=Um~1
IZT_Z_I] (n-1)
IZT _—l] =-2""U(n-1)
| Z-2
[ -2 “1rz-1
— 2 =1zt 2.Z |1zt 2777 :
| (2-2) (1-2z7") (1-22")
b X\(Z 2z 0 - 2
it =7 __w=>xm)=n2"u(n
: H ) (1_22_])2 l( ) ( )
—lrz-1
Ma ?ZZE“ =Z"'X,(Z}, dp dung tinh chat tré ta cé:
WAV
IZT| — = |= %@ = (n-1)2""u(n-1)
(1-227')

Vay ket qui x(n) = u(n-1) - 2" u(n-1) +({n-1).2"" u(n-1)

2.5.3. Nhan véi diay ham mii
Néu y(n) = a"x(n) (a la hing s6),
véi ZT{x(n)] = X(Z) va RC[X(Z)]: R, < {Z}<R,,,
Z _
thi Y(Z) = XH-vé RCIY(Z)]: 1al.R, < {Z}< lal.R,,

Vi dy: Tim bién ddi Z cla cdc diy sau day:

X,(n) = 3" [%] a(n), X,(n)=a"u(n)
Bai gidi:
* Tim X (Z): . '
Goi x(n) = (}_] u(n) theo vi du trong muc 2.2.1 ta cé
2

X(Z)=

v6i |z|>l
-7 2
2
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, . . Z 1 3
Ta ¢6: x,(n) = 3n .x(n) nén X,(Z) = X[E) = vai |21>—2~

1377
, 2
* Tim X,(Z):
Dé dang tim duge X(Z) = ZT[u(n)] = T Vi {Z| > 1
Ma X,(Z) = an u(n) nén Xo(Z) = X[ £ |= ——— véi 7] > o
' - \a 1-aZ

2.5.4. Pao ham cla bién d3i Z

Néu y(n) = n.x(n) véi ZT[x(n)] = X(Z) va RCIX(D)]: R, < {Z}<R,,

thi Y(Z) = -Z d);(Z) vaRC[Y(Z)]: R, < {Z}<R,,
Vidu:

Tim bién ddi Z cta x(n) = n.a"u(n)

Bai gidi: -

Goi x,(n) = a"u(n), theo vi du trong muc 2.5.3 ta ¢6

1
Xi2)y=—= [Z>[4

Ma x(n) = n.x,(n) nén X(2) = _z X(Z) = 3%
dz (1—az-‘)

2.5.5. Tich chap cha hai diy
Néu x(n) =_xl(n)*x2(n) thi X(Z) = X,(Z).X,(Z) va
RCIX(Z)] = RCIX(Z)] NRC[X,(Z))

7 v6i [Z]>a]

Nhdn xét: Tich chap & mién n khi chuyén sang mién Z s& 1a tich
thudng, diéu ndy s& lam cho viéc tinh tich chap don giin hon khi sit dung

bién déi Z.
Vidu:
Cho x,(n) = 2" u(n), x,(n) = 3" u(n). Tim x(n) = X,(n) *x,(n).
Bai gidi:

D€ tim x(n) ta chuyén tich chap nay sang mién Z. Ta c6:
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X(Z) = X\(Z).X,Z); X,(Z) = 7 2;vc’ri |z} >2
X2y = —— v6i 1Z|>3
Z2
X(Z)= ———————véi |Z]| > 3. Dé c6 x(n) ta 14y I1ZT clia X(Z).
(Z) Z-2)@3) |Z (n) ta 14y IZT chia X(Z)
1 -1 1
bat X,(Z) =

o N
(z-2){(z2-3) Z-2 Z-3

=> x,m) = -2 u(n—1) + 3" u(n-1)

Ma X(Z) = Z'X,(Z) nén 4p dung tinh chat tré ta c6:
x(n) = X,(n+2) = 3" u(n+1) - 2> u(n+1)

2.5.6. Day lién hop phirc
Néu ZT(x(n)] = X(Z) thi ZT{x*(n)] = X*(Z*).
Trong d6 dau * 1a ki hiéu cta phép 14y lién hgp phitc.

2.6. BIEU DIEN HE THONG ROI RAGC TRONG MIEN Z

Trong chuong 1 ching ta da biét mot hé théng tuyén tinh bat bién
duge dic trung bdi ddp dng xung h(n) hodc mdt phuong trinh sai phan
tuyén tinh. Khi phén tich hé théng chiing ta gip mot s§ khé khin nhu tinh
tich chap, giai phuong trinh sai phan hoic xét tinh 6n dinh cta hé théng.
Dé khéc phuc nhimg khé khin trén ching ta s& chuyén céch biéu dién he
théng & mién n sang cdch biéu dién hé théng & mién Z véi dac trung clia
hé théng 13 ham truyén dat H(Z).

2.6.1. Ham truyén dat cta hé théng rdi rac
Trong mién n ta di biét ddp tng y(n) cha hé thdng tuyén tinh bt bién
dugce x4c dinh theo cong thiic:
y(n) = x(n)«h(n)
Chuyén cong thitc nay sang mién Z bing céch ldy bién déi Z chGa 2 v&
rbi 4p dung tinh chat bién déi Z cta tich chap ta cé:
Y(Z)

Y(Z) = X(Z).H(Z) => H(Z) = ﬁ

2.17)
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H(Z) dugc goi 1a ham truyén dat cia hé théng, H(Z) ciing chlnh la
bién ddi Z cua dap (tng xung h(n).

Néu hé théng dugc mo ta bang phuong trinh sai phan téng quit:
N M
Zaky(n -k)= Zbrx(n—r)
k=0 r=(l

L4y bién ddi Z ciia hai v€ clia phuong trinh nay va ap dung cédc tinh
chat tuyén tinh, tré cha bien ddi Z ta ¢é:

ZakZ Y(Z)= Zb Z"X(Z

k=0 r={}

z)z_jak Z™* = x(z)ib,.z-'

r=U

M
> b.Z”
Dodotacs: H(Z)= 2= = (2.18)
X(Z)

2.6.2. Phan tich hé théng rdi rac trong mién Z
a) Cdac phén ti thue hién hé théng

Phén tir Mién n Mién Z
x(n) x(n—1) X(2) 71 Z'X(2)
Tre —_ D, —_— >
Nhan véi hangs& | “x(n)  F_ ox(n) X@ T cn)(:(Z)
L -

%,{n) M XA(Z) -
2 X,(m ! M
xn) ::J i= XA2) E%i@
Cong - ! —_—

xu(n) / X (Z)/

b) Phén tich hé théng

Dé€ ti€n hanh phén tich he théng trudc hét ta xem xét cdc cich ghép
co ban sau:
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* Ghép noi tiép

X(Z) Y(Z)
H(Z) [— H,(Z) .

Theo so d6 ta ¢6: Y(Z) = X(Z) H,(Z).H,(Z} => ham truyén dat cua ca
hé thdng:

= H,(Z). H(Z) (2.19)
Nhdn xét: Néu ta c6 hai hay nhiéu hé théng ghép ndi ti€p véi nhau
thi ham truyén dat clia ca hé thong béng tich cdc ham truyén dat cla céc
hé théng thanh phin.
* Ghép song song

----------------------------------------------------------

X(2) )

r
X
N

Theo so d6 ta ¢é: Y(Z) = X(Z).H(Z) + X(Z).Hy(Z) => Ham truyén
dat ctia ca hé thong: .

H(Z) =

1

Y@ _ y,2)+ 1,2 (2.20)
Nhdn xét: Néu ta ¢6 hai hay nhiéu hé théng méc song song véi nhau
thi ham truyén dat cua ca hé thong bing tdng cdc ham truyén dat cta céc
hé théng thanh phin.
* Ghép hoi tiép

X(2) Yq(2) ' Y@)
H\{Z) >

H(2)
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" Theo so d6 ta co:

Y (Z) = X(Z) + Y(Z).H(Z)

Y(Z) = Y ,(Z).H(Z) = {X(Z) + Y(Z).H,(Z)}.H,(Z) => Ham truyén dat
cua ca hé thong
Y@ H@)
X(Z) 1-H(Z)H,(Z) .

Tit d6 ta thiy ring viéc phan tich hé théng trong mién Z dua trén
nguyén tac sau:

— Phan tich hé thong thanh cic hé théng nho hon (hé théng nho hon
nay thudng 13 hé théng cé cich ghép co ban nhu phan trén da xét).

— Tim ham truyén dat ctia h¢ thong nho dé.

— Can cit vao cach ghép gilta cdc hé théng nho ta s€ tim duge ham
truyén dat cla ca hé théng.

Vi dy: Hay tim ham truyén dat cha hé théng cho bai so d6 hinh 2.6.

H(Z) = (2.21)

X(Z) Y{(Z)
® + —
Z—l
®H—
Z—1
|
- i
H(2) Hinh 2.6 HA2)

Bai gidi:
Ta phan tich hé théng thanh hai hé théng: H,(Z) va H,(Z).
H,(Z) 12 hé théng mic theo kiéu héi tiép:

1 1
1-Z'(1+Z) 1-27-27
H,(Z) la hé théng mic theo ki€u song song:

H(Z)=2+32"+Z7
Ham truyén dat clia ca hé thdng:

HI(Z) =

2437270 +27

H(Z) = H1(Z)-H2(Z) = 1-Z-l 7
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2.6.3. Giai phuong trinh sai phéan dung bién déi Z

Trong chuong 1 chiing ta dd thiy su khé khan cia vigc gidi phuong
trinh sai phan tuyén tinh hé s& hing, diéu ndy c6 thé khéc phuc bang cich
sir dung bien ddi Z d€ gidi phuong trinh sai phan. Bdi viéc giai phuong
trinh sai phin thudng di kém véi diéu kién ban diu khéc khong nén ta
ding bi¢n d6i Z mot phia dé giai phuong trinh sai phan.

Khi sir dung bién déi Z mot phia cin chd ¥ cong thite tré sau day:

Néu y(n) = x(n — ny) thi Y'(Z) = Z™(XXZ) + er:K(—f)Z' ) (2.22)

Noi dung phuong phép:

* Bi¢n d6i Z mot phia hai v€ ciia phuong trinh sai phan (chd ¥ cong
thirc tré).

e Tim Y(Z).

e Bién ddi Z ngugc clia Y(Z) ta s& dugc y(n).

Vi du: Giai phuong phuong trinh sai phan:

' y() = 5y(n=1) + 6y(n-2) = x(n)

Biét: y-1)=y(=2)=0; x(n) = rect,(n)

Bai gidi:

Lay ZT' hai v€ cha phuong trinh ta dugc:

YYZ) - 5Z'(Y' (@) + y-1)2) + 6Z(Y'(Z) + y(~1).Z+ Y22 =X'(Z) (*)

Theo dau bii ta cé: y(-1) = y(-2) = 0

x(n) = rect,(n) => X(Z) = 1+ Z*
Thay vao (*) ta ¢é:
YHZ)-5Z27'Y'(Z)+ 627 Y\ (Z)= 1+ Z

1+77!
Y'(Z)=
- D= 1S ez
Ta coi miu s6 cia Y'(Z) 12 da thiic bac 2 d6i véi Z, YY(Z) ¢6 thé viét lai:
1+Z A B
YI(Z)=6 ]'1 Z] 1 =Zl ].+Z_] 1
Z' _ L L I
( 2)( . 3) 2 3
1+77! 3
A= 1 |,-1_1 =5
(2" *3) Z s
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g 1tZ" 4
3

6(Z7 -
3 4 -3 4
Vay Y'(2Z) = - =

= +
a1 a1 =227 1-3Z77
2Z 2) XZ 3)

Dodoétacéd:  y(n)=4.3"u(n)- 3.2"u(n)

2.6.4. Sy 6n dinh cia hé théng tuyén tinh bt bign
a) Sy én dinh

Trong chuong I chiing ta d4 bién mot he thdng tuyén tinh bat bién
duge goi 12 6n dinh néu:

Z Ih(n)| <

n==—w

Day 1a diéu kién 6n dinh trong mién n, khi chuyén sang mién Z dic
triung cho hé¢ thong 1a ham truyén dat H(Z):

H(Z) = Z h(n)Z™ véi R, <|Z|<R,,

So sdnh véi diéu kién 6n dinh trong mién n véi cong thifc tinh H(Z)
- nay ta thdy rang mudn diéu kién 8n dinh trong mién n duge thda min thi
ham truyén dat H(Z) phai héi tu véi [Z}=1, c¢6 nghia 1a mién hoi ty cia

H(Z) phéi chia dudng trén don vi.

Chung ta c6 thé phét bi€u diéu kién én dinh cia hé théng tuyen tinh
bat bién nhu sau:

Mot hé théng tuyén tinh bat bién Ia én dinh néu v chi néu him
truyén dat ciia hé théng cé mién hoi tu chia dudng tron don vi.

b) Su 6n dinh ciia hé théng tuyén tinh bét bién va nhén qud
Ham truyén dat ciia hé théng nhéan qua cho bsi cong thiic:

H(Z) = Zh(n)z— (2.23)

n=(}

V1 h(n) Ia ddy b chan tréi nén mién hoi tu ciia H(Z) 1 |Z| > R,_ ¢6 nghiia

a).
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Vay, mot hé théng tuyén tinh bdt bién 12 nhan qui néu mién hoi
cha ham truyén dat ciia hé théng nam ngoai dudng tron ¢ bédn kinh R, .

Bay gits ta di xét diéu kién én dinh ctia h¢ thong nhan qua:

Ta bi€t 4é hé théng nhan qua thi: RC[H(Z)): |Z]> R, , d€ h¢ thong
8n dinh thi R,_ < 1. MA ta bi€t ring diém cyc khong bao gi& thudc mién
hoi tu, két hop hai diéu kién trén ta di dén két ludn:

"Hé théng tuyén tinh bt bién nhan qua s& 6n dinh néu tat ca céc
diém cuc cha ham truyén dat nim trong dudng tron don vi".

Vidu: |

Xét tinh nhan qua va 6n dinh cba hé thong cé:

1+7
o= oy

Ta thdy hé théng nay nhan qua nhung khéng én dinh vi ¢6 hai di€m
cuc Z, = 3 vaZ, = 4 khong nam trong dudng tron don vi.

|z|> 4

CAU HOI VA BAI TAP
Bai 1: Tim bién ddi Z hai phia va mién héi tu cla day sau day:
x(n) = (%)'W v&i moi n
Bai 2: Hay tim ZT va mién hdi tu cla cac day sau:
a)x,{n) =recty(n}; b) x,(M)= ngrecty, (n)
Bai 3: Hay tim ZT, mién hi tu va cac cyc, cac khdng cla cac day sau:

jon )
a) x(n) = 2nrecty(n); b)x(n)= {e ns0:
. ¢ n<0
c) x(n) = a"u{-n) d) x(n) = —a"u{-n-1)
Bai 4: Hay bién ddi Z ngugc vdi cac day sau:

X2y = — xX(Zy= i .

@ z1. @ 22z -1) -||>2
4z% +82

¢} xzy= "2 1 d) x(gyx —> —

@ 42% _5Z +1 (@ Z-1%2Z-2)

Bai 5; Ha thdng tuyén tinh bat bién c6 phudng trinh sai phan sau:
y{n) = 3y(n—1) — 2y(n-2) + x(n) '

Vi didu kién dau: y(-1) =y(-2) =0

a) Hay tim ham truyén dat H(Z) cla hé théng
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b) Xét tinh &n dinh cla hé thdng
¢} Tim dap ng xung xGa hé théng
Bai 6: Dung bién ddi Z mat phia giai cac phuong trinh sau;

a) y() =~y =N+ yin-2)
2 4
Diéu kién dau: y(-1) = y(-2) = 1
1 " ‘ .
b) ¥(n) = _ y(n-1)+x(0) "(“}=(1J uny; di8u Kién ddu: y(=1) = 1
3

c}
y{n}= % y(n - 2) + xony; X{n) = u(n)

Diéu kién dau: y(-1)=0; y(-2)=1

Bai 7: Dua vao cac didm cuc trén mat phéng Z d& xac dinh d8 8n dinh cta hé
théng ¢6 ham truyén dat sau:

a)H,(2) =1+ 22272+ 2

®) hy2)=

C) Hy{2) =

(Z+0.5)2Z°-2+1)

Bai 8: Hay tim ham truyén dat H(Z) va xét dé &n dinh clia cac hé théng ¢b so
dé sau:

—{F) . —(F) »
X(2) e ' g Y(2)
h %*1 _1
z-! z! ‘
) Hinh 2.7.
Baj 9: Tim ham truyén dat H(Z) clia ha thdng sau:
—() () > {H
X(2) ~a, Y(Z)
:
s A e
T
b, 1
> 20 Db
z -
b
L~
Hinh 2.8

69



70

Bai 10: Xac diph ham truyén dat H{Z) cha hé théng & hinh 2.9,

X(Z) Y(Z)
> } H,(2) >
F 3
H,(Z) 4
Hinh 2.9



Chuong 3

BIEU DIEN TIN HIEU VA HE THONG ROI RAC
TRONG MIEN TAN SO LIEN TUC

3.1. DAT VAN PE

Trong chuong 2 ching ta d4 nghién citu tin hieu roi rac trong mién Z
va da thdy dugc nhiing thuan lgi cita phuong phap nay. Chuong nay chiing
ta nghién ctu mot cong cu todn hoc khic dé bidu dién gidn tiép tin hidu
roi rac, d6 1a bién déi Fourier. Bién ddi Fourier s& chuyén viéc bidu dién
1in hi¢u trong mién bi€n s6 doc 1ap n sang mién tin s6 lién tuc .

Nhu vay cho dén chuong nay chiing ta di ¢6 3 mién bidu dién tin
hi¢u va hé thong rdi rac. Su lién hé giita cdc mién bidu dién dugc minh
hoa trén hinh 3.1.

Quan hé gitra ZT va FT

FT: Fourier Transform
(bién ddi Fourier)

IFT: Inverse Fourier
Transform (bi&n ddi
Fourier ngugc)

Hinh 3.1. Quan hé giita mién n, midn Z va mién o

3.2. BIEN BOI FOURIER CUA TiN HIEU R3I RAC

3.2.1. Pinh nghia bién dai Fourier (FT)

a) Dinh nghia
Bién ddi Fourier cia mot tin hiéu rdi rac x(n) duge dinh n ghia nhur sau:
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oy

X(e®y = > x(n)e ™" | (3.1)

Nhu vay, bién ddi Fourier di chuyén viéc biéu dién tin hiéu x(n) trong
mién bién s& doc 1ap n thanh viéc biéu dién tin hieu X(e) trong mién tdn s6
®, tiic 12 trén truc 3o jo. Vay X(e') 1a him s& phitc cla bién s6 o.

Ky hiéu dang toan tu: '

FTlx(m)] =X 3D
b) Cic phuwong phdp biéu dién X(e*)

— Biéu dién duéi dang phan thuc va phin ao:

V1 X(e’) 12 mot ham s& phitc nén ¢6 thé biéu dién X(e'®) trong mién
tan s6 o dudi dang phén thuc va phin do:

X(e") = Re[X(e')] + jIm[X(e!)] (3.3)
Re[X(e)]: phdn thuc cta X(e!)
Im[X(e})]: phdn 40 cua X(e)

— Biéu dién duéi dang modul va argument:

; ; ; o 3.4
X(el®) = |X(e_lm)le.lﬂfg[)((c 3 3.4)

| \ : 14 modul
arg: la argument
[X(e*)| duoc goi 12 phd bién do ciia x(n)
Dat p(w) = arg[X(e!®)), ¢(®) dugc goi 14 phd pha cha x(n)
Vi viy ¢6 thé viet: X(e") = [X(e*)|e™
Quan hé giita phé bien do, phé pha véi phan thuc va phédn do nhu sau:
X = YR [X(e")]+ Im[X(e™)]

Im[X(e*)]
Re[X(e™)]
— Biéu dién dudi dang d6 16n va pha:
X(e®) = A(e™).e" (3.5)

A(e®): duge goi 13 do 16n cia X(e™) va A(e™) 1a s6 thuc cé thé ldy
gid tri duong hoédc am.

arg[ X(e™)] = arctg
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O(w): dugc goi 1a pha cia X(e*)
Quan h¢ giita d¢ 16n va pha vdi modul va argument:

AE™) =[X(e)

- jf-l)
8(0) = 9(©) - arglAE™)] = {‘p(m) newAE™) >0
¢{®) ~x néu A(e") <0

Vidu: Cho X(e™) = ¢sin(m)
Tim Re[X(e")], Im[X(e")], A(e"), 6(w), ¢p(o), |X(ej‘”‘)

Bai giai:
Theo dang biéu dién ctia X(e/°) cha bai todn ta cé:
A(e") = sin(®)
6(w) = w
[X(e™)

=|Ace™)| =|sin(w)]
() = O(w), sin{w) > 0
)= .9((9)+T|:, sinfm) < 0
D4 tim Re[X(c*)], Im[X(¢*™)] ta viét lai X(e*):
1

X(e®) = (cos(®) + isin(®)).sin(w) = P sin(2w) + j sin*(w)

o 1 )
Vay Re[X(e™)] = Y sin(2w), Im{X ()] = sin*(w)

Vi du: Tim bi&n d6i Fourier clia cdc diy sau day:
x,(n) = 8(n) + 8(n—1)

X{n) = [%J u(n)

x;(m) = 2"u(n)

Bai gidi:
FTIx, Ml =X,*) = 3 x,(n)e ™ =1+e™®
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FTlx()] = X,(e%) = 5 x,(me™" = z[%) et

== n=_}
=1 WY 1
2 R

n=0 PP
2

FTIx:(n)] = X,(&") = f X,(n)e~

= IfZ" ek = rff(Ze"j‘“ )“
n=t} n=0

Chudi nay khong hoi ty vi [2¢*|=2> 1
Vay x,(n) khong tén tai FT.

3.2.2. Sy tén tai cha bién ddi Fourier

DE t6n tai FT[x(n)] thi chudi 2. X(Me™ phai hoi w, chudi nay hoi

tu néu va chi néu ddy x(n) thoa man diéu kién:

=ol

> [x(m)| <o (3.6)

n==-u

V& mat todn hoc chiing ta cé quan hé sau day:

E.= 3 [x@f s["fiml}

n=—a n=-w
- n=w =5 2 ,
Ma néu: - D |x(m)| < thi | D |x(n)| | < vatacé:
n=—m n=—co

n=w

E.=3 |x(nl)|2 <0

Vay, néu nang lugng E, cua tin hiéu x(n) Ia hifu han thi diéu kién hoi
tu dugc thod man hay néi céch khéc bign d8i Fourier clia diy cé ning
lugng hitu han ludén ludn tén tai.

3.2.3. Bién d&i Fourier ngugc (IFT: Inverse Fourier Transform)

D& dang nhan thay ham X(e/”) 12 mot ham tudn hoan véi chu kj 2x vi
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vay chiing ta ¢6 thé chi khai trién ham X(¢’®) thanh chudi Fourier trong
khoang [-n, 7] va coi cdc hé s§ cha khai trién nay chinh la x(n), tic 12 ¢é
thé tim thay cdc gid tri clia x(n) 1ir X(e™).

Cach thiét 1ap cong thie tinh x{n):

Tac6 X(€) = Yy x(n)e™

n=-a

Nhan ca hai v& véi ¢ 16i 14y tich phan trong doan [-n, 7] ta cé:

,]X(ej“’).c}“"dm = ?[ i x(n)e " iIEj""dm = i x(n)r} e dg,

o 2 gul=
Ta cé: |G P 3.7)
= 0 néulzn
© P 2nx(1) néul=n
Vay: : x(n) [ dw =
i n=Z—eo _;[ 0 néul#n
Cudi cling ta ¢6:
x(l) = 4~ [X(e")e"do (3.8)
2n = :
D41 bién s6 1 thanh n ta cé:
1 TX(cj“’)ej“‘"dm
x(n) = E (3.9)

Day chinh 12 cong thic bign ddi Fourier ngugc.
Vay ta c6 cap bién d8i Fourier sau day:

x(n) = — [X(e*)*do
21 -n

n=o

Xy = Y, x(n)e™"

=—aD

3.3. CAC TiNH CHAT CO BAN CUA FT

3.3.1. Tinh chat tuyén tinh
N&u x(n) = ax,(n) + bx,(n) thi X(¢’*) = aX,(e™) + bX,(e®)  (3.10)
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Véi X(e™) = FT[x(n))], X,(€*) = FT[x,(n)], X, (') = FT[x,(n)]
a, b 1a cdc hang s6.

3.3.2. Tinh chat tré

Néu y(n) = x(n-n,) (n, 12 s& nguyén), véi FT[x(n)] = X(*)
thi Y(e) = ¢ X("). (3.11)
Tir biéu thic trén 1a ¢é:

(&™) | =|x(*)

) , (3.12)
arg( Y(e™)) = —mn(,+arg|:X(c’°’):| '

VAay, néu tin hiéu x(n) tré di n, miu trong mién bién s6 doc lap n thi
trong mién tdn s& phé bién do clia né giif nguyén, con pho pha cla né s&
tang thém lugng — on,.

Vidu:

Cho x,(n) = (%J u(n) , X,(n) = [-;—] u(n+2)

Tim X,(e'*) réi suy ra X,(e)
Bai gidi:

Theo vi du trong muc 3.2.1b ta c6 X, ()=

n+2
Viét lai x2(n) = 4[—;—) u(n +2) = 4x,(n+2), dp dung tinh chat tuyén

, L e
tinhvatrétace: X,(Z)=4e™ X (e")=4 -
l-—e™
2
3.3.3. Vi phan trong mién tin sé
Né (n) thi Y (&) jdx(eh)
é =n.x{(n) thi =
uy(m : do . (3.13)

3.3.4. Tré tin s&

Néu ta ¢6 FT[x(n)] = X(e'®) thi FT[e™°" x(n)] =.X(ej“°“ N (3.14)
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3.3.5. Tich chap cla hai day
N&u x(n) = X, ()% x,(n) thi X(e°) = X, (&) . X, (&) (3.15)

3.3.6. Tich cla hai diy
Néu x(n) = x,(n).x,(n) thi X(e*) = X, (™) « X,(e) (3.16)

3.4. SO SANH BIEN DOl FOURIER VA BIEN D8I 2

Bién déi Z cha diy x(n) duge dinh nghia nhy sau;

X@)= 3 xmz”

Mién hoi tn 1a RC: R, < |Z| <R,
Biéu dién Z dudi dang toa do cyc ta ¢6:

Z=re® dday: |2 =rwa arg [Z] = o

X(Z) =X(re) = D, x(n)(re®)" = Y x(n)rie i

Theo bi€u thitc trén ta c6 thé coi bién déi Z cia day x(n) nhu 12 bién
d6i Fourier ctia diy tin hiéu x(n) r: FT{x(n) r*] = ZT[x(n)]
Néu X(Z) hoi tu tai |Z| = 1 thi:

XD, _ = 2 x(nje™ =FTlx(n)]

Vay, bién di Fourier chinh [ bign d8i Z dugc dénh gid trén dudng
don vi trong mat phang Z. Vi vy, nél vong trdn don vi khoéng nam trong
mién hoi tu cha bién déi Z thi X(e'*) s& khong t6n tai, néu X(e'®) tén tai
thi chic chan X(Z) phai hoi tu trén dudng tron don vi.

Vi du: Cho x(n) = 2"u(n). Tim X(Z) va X(e').

Bai giai:

Ta tim duge: X(Z) =

2z 22

Trong trudng hgp nay mién hoi tu clia X(Z) khong chia dudng tron
don vi nén X(e'*) khong tén tai.
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3.5. BIEU DIEN HE THONG R3I RAC TRONG MIEN TAN SO LIEN TUC
He thong tuyén tinh trong mién n duge dac trung bdi dap tng xung h(n).

x(n) _ y(n} = x(n)+h(n)
h(n) >

k 4

Khi hé théng dugc chuyén sang mién t4n s w:

X{e) Y(e”) = X(e”) H(e*)
> H(e") >
) e
H(e™) = %)H dugc goi 1a ddp Ung tin s6 cla hé théng;
e

H(e") = [H(e®)|e™®
IH(ej‘” )| : dugc goi la ddp dng bién do cha hé thong;

¢(w): dugc goi la dip ung pha cha hé thong.

3.6. CAC BO LOC SO LY TUGNG

Viéc thiét k&€ cdc bo loc s& thuc t&€ déu dua trén co s& 1y thuyét cic bo
loc s6 Ly tuong. Ngudi ta phan chia thanh 4 loai bo loc s& tigu biéu la:

— Bo loc s& thong thap 1y tudng;

— B¢ loc s6 thong cao 1y tudng;

— B0 lgc s8 théng dai 1y tudng;

— B0 loc s6 chan dai 1y tudng.

3.6.1. Bd lgc théng thap ly tudng

Bo loc thong thdp ly tudng duge dinh nghia theo dip ing bién do.
Pdp. ing bién d6 cua b loc s§ thong thip 1y tudng duge dinh nghia
nhy sau:

. 1, -0, 200,
H(e™)| = o (.17)
0, @ con lai
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D6 thi cha dap vng bien do clia b6 loc thong thap 1y tudng nhu sau:
. ‘H( ej(u)

F 3

Hinh 3.2. B4 thf dap tng bién dé coa b loc sé théng thép Iy trdmg
Nhgn xét:

H(e*)| d6i xitng vi vay ta chi cin xét
g Yy

H(e")| v6i mot nixa chu ky [0,

] 1a du. Khi xét trong nita chu ky thi cdc tham s6 cia bo loc thong thdp
ly tudng bao gém:

o, tan sg cét:
0<so<ao, dai thong;
®.<o<m:  daichin.

3.6.2. BS lgc thdng cao Iy tudng

Ddp ting bién d¢ chia bo loc dai thong cao Iy tudng duge dinh nghia nhu sau:

) ~RE WS -,
H(e®)] = 1" o, <0< (3.18)
0, o
DG thi cta ddp iing bién do ciia bg loc théng cao 1y tudng dugc bidu
dién nhu sau: IH( &) 4 '
1 -
-7 _wc 0 (Dg_‘ 7t ;

Hinh 3.3. D th{ dap ng bién dj ca bé Igc sé théng cao Iy twéng
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Nhdn xét:
Ciing giSng nhu bé loc s6 thong thap 1y tudng |H(ej“' )l ddi ximg. Nhu

vay h(n) la thyc va trong mién tdn s6 ta chi cdn xét trong mot nira chu k.
Khi d6 céc tham s6& cla bo loc thong cao 1y twong bao gom:

w,: tin 8o cat;
o, € 0 £ 1 dai thong;

0 < < @, dii chin.
3.6.3. B loc thong dai 1y tudng
Dap tmg bién dé clia bo loc s6 thong dai 1y tudng duge dinh nghia nhu sau:

| {*mcz <o<-,

[HCe™) o, <oLa, (3.19)

0 ® conlai

D6 thi clia dép ing bién do cia bd loc s thong dai 1y tudng duge
biéu dién nhu sau: _ 1
| e

b

]
T

[
|

- - — 0 —
n ©,, ) © ©,, T ®

el
Hinh 3.4, D4 thj dap irng bién A% cha b lgc sb fhéng dai ly twéng
Nhdn xét:
Dép tng bién do |H(ejm )l d6i xiimg trong mot chu ky {-n, ) do d6 chi
cén xét nira chu k¥ [0, 7]. Trong mét nira chu k¥, b loc thong dai <¢chi cho

théng qua cdc thanh phan tdn s6 tit 0, dé€n ©,. Cic tham s6 cta bd loc
thong dai 1y tuéng bao gom:

o, tAn 88 cét dudi;
m,,: tn s cét trén;
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W < 0 £ 0, dai thong.
{0 <o<o, : dat chan.

O,< 0<nT

3.6.4. BS loc chan dai ly tudng

Dip ting bién d¢ clia bo loc chén ddi 1y twéng duge dinh nghia nhu sau:

n 0<-o0, 3.20)
. i -0, OSSO
oy = 17 cl cl
|H(e )\ - W, <OST
2 — -
o, ® cdn lai

w

D4 thi cha bo loc chin dai Iy tdng duge bidu dién nhu sau:

|H( ejm )‘ F 3

Hinh 3.5. D& thj ddp (rng bién d$ ctia bd lgc sé chin dai Iy tweng

Nhdn xét:
Ddp tng bién do |H(ej‘°)l dsi xing trong mot chu k¥ [—x, 7] do d6 chi

can xét nira chu ky {0, n]. Trong mot nira chu k¥, bd loc thong dai chi cho
thong qua cic thanh phan tdn s6 tir @, dén n. Cic tham sd clia bd loc
thong dai 1y tudng bao gém: '

®,,: 14n s& cit dudi

©,,: tn s& cat trén

0, €0 < ©,: dii chin
{0 SO0

¢l
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3.7. BO LOC SO THUC TE

Trong mién tdn s6 lién tuc cdc bd loc s6 thuc t& duge d:";ic trung bdi 4
tham s8 k¥ thuat chinh la:

~- D¢ gon séng & dai thong §,
— D¢ gon séng & dai chén §,
— Tén s6 gidi han dai thong o,
— Tén s8 gidi han dai chin o,
Ngoai 4 tham s6 chinh nay, ngudi ta con s&t dyng mét tham s& phu 13
bé rong dAi qui 40 A 0 = w,— w,
Hinh 3.7 minh hoa dép ng bién do va cic chi tiéu ciia mdt bo loc
thong thap thuc té&. '
IHEem
148, WLLLLLL L S,

1
13

VS S

5 1 LS

Y

0 {l}p a, It

Dai thong Daiquadd: Daichin

ol
-

Hinh 3.7. Dédp iing bién dd cla bd loc théng thap thuc t&
CAU HOI VA BAI TAP
Bai1:
Goi h(n) la dap {ng xung don vj cia hé théng tuyé&n tinh bt bién, tim dap Gng
tan sé biét;
a) h{n) = 8(n) +65(n-1) +38(n—-2)

n+2
b) hiny = G] un-2)

Bai 2:

1, -3<ng3
Cho x(n)=[0 n conlai
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Hay tim va vé: X(e®); |X(ej‘°)|; arg[X(ej”):l; Ale®): 8(w)

. Bai 3:

sau:

Hay tinh bi&n ddi Fourier tir bién di Z clia cac day sau:
a) x,(n)= 3".u(n}
b) x5 (m) = (-1)".u(n)
Bai 4:
Cho hai déy x,(n} va x,(n) nhu sau:
X4{n) = %, (N} = 3(n+1) + 5(n) + 5(n - 1)
Hay tinh tich chap x,(n) = x,(n) » x,{n) théng qua bién ddi Fourier,
Hay v& 46 thi bigu dign x,(n), x,(n), x,(n). X,(e"),X,(e"), X, (")
Bai 5:
Cho dap dng xung cda hé thdng tuyén tinh bat bién nhe sau:

1 n

— | » 0

hin) = [:J "
’ 0 »n<0

Dung bién a8i Fourier hay tim dap img ra cla hé th8ng (mg véi cac kich thich nhu

isn
a).x(n)=Ae 2 vdi moin.
b} x(n) = 10+5$ingn+20cosnn v&i mein,
Bai 6: .
Cho hé thdng dugc mé ta bdi phudng trinh sai phan tuyén tinh hé s8 hang nhu sau:

1 1 o :
=— —x{n~1+—-x(n-2
¥(n) 4><(n)+2x(r1 ) 4x(n )

hay tim va vé: H(e"“'),A(ei‘").e(m),|H(e"°)|.¢p(m)

Bai 7:

Cho dap Ung xung clia mét hé thdng tuyén tinh b4t bién nhu sau-
h(n) = 8(n) + 2 "u(n) '

a) Hay tim dap ing tan sé H(ejm) clia hé théng.

b) Hay tim dap (mg y(n) clia hé th8ng tng vdi kich thich x(n) sau:

x{n) = 4cosz(2n)
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Bai 8: :
Hay xac dinh dap (ng tén s cha hé thdng tuyén tinh bét bién duge mé ta bdi
phuong trinh sai phan sau:
y(n) = x{(n) - x(n-N), N lahangsd
Hay tim va vé dd thi H(e*} .
Bai 9:

Mbt hé théng tuy&n tinh bt bién ¢6 tin higu ddu vao x(n) = 2"u(n) va tin hiéu

dau ra 1a y(n) = rect,{n+1). Tim dap ing tan s& H(e*") .

Bai 10: . .

Mot hé thdng tuyén tinh bat bién va nhan qua dude mé ta bdi phuong trinh sai
phan y(n) + 4y(n—1) + y(n-2) = 2x(n). Tim dap {ng tin s& cha hé théng.

Bai 11: |

Hay tim dap dng xung h{n) clia bd loc sd thong thap Iy tudng cb tan s cat la
W= /3

Bai 12:

Hay tim dap (mg xung h(n) cla bd loc s8 théng cao Iy tudng cb tan s& cat l1a
.= 2nf3,

Bai 13: _
~ Hay tim dap Ung xung h{n) clia bd loc s& théng dai ly tudng cb cac tan s& cat
fa o= ®f3, o,= 2n/3.
Bai 14:

Hay tim dap (mg xung h(n) cla bd loc s§ chan dai Iy tudng cb cac tan s6 cdt 1a
0= T4, w,= Inl4
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Chuong 4

BIEU DIEN TiN HIEU VA HE THONG ROI RAC
TRONG MIEN TAN SO ROI RAC

4.1. DAT VAN DE

Trong cdc chuong trudc dd nghién ciu viéc biéu dién tin hiéu va hé
thong rot rac trong 3 mién: mién bién s6 doc 14p n, mién Z vi mién .
Trong mdi mién c6 thuan l¢i riéng clia né va gita cdc mién ciing cé lién
h¢& véi nhau.

Trong chuong nay ta sé nghién cdu cdch biéu dién tin hiéu va hé
thdng rdi rac trong mién tdn s6 i rac o,, hodc dé gian gon ta goi 1a mién
k. Thue chét cha cdch biéu dién ndy Ia ta 14y timg diém roi rac trén vong
tron don vi trong mat phang Z d€ biéu dién. DE chuyén céch biéu dién tin
hiéu va hé théng rdi rac sang mién tin s¢ rdi rac ching ta s& ding mot
céng cu todn hoc goi la bién ddi Fourier rdi rac (Discrete Fourier
Transform: DFT). Viéc biu dién trong mién tdn s6 r&i rac dac biét hiéu
qua tir khi xudt hién cdc thuat todn tinh nhanh DFT, ta goi 13 bién déi
Fourier nhanh (Fast Fourier Transform: FFT).

Hinh 4.1 biéu dién cdc phép chuyén déi gifta cdc mién va sy lién hé
gifta chiing.

Hinh 4.1.Quan hé giifa cic mién n, Z, ® va k
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4.2. BIEN BO! FOURIER ROI RAC VOI TiN HIEU TUAN HOAN c6
CHUKYN '

4.2.1. Cac dinh nghia

a) Co sd
Mot diily X(n) duoc goi 14 tudn hoan chu ky N néu
X(n)=X(n+1LN) {4.1)
3 day 112 s6 nguyeén.
Hinh 4.2. cho ta vi du vé mét ddy tuin hoan c6 chuky N=4

Tz

4.

—4 0 4 8 n

Hinh 4.2. Vi du tin hidu tudn hoan chu ky N =4
Ta thiy ring mot ddy tudn hoan ¢6 chu ky N ¢6 thé dugc biéu dién

boi mat chudi Fourier, tirc 12 bi tdng cha cdc diy sin va cosin hodc bdi

3 - —~ -~ - -+ ” 3 a a 2
tong cdc diy ham mil phiic cé tdn s6 cd ban -—5—
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Gié slr ¢6 ddy ham mi phitc nhu sau:
2w

e (n)=¢ N (4.2)
- Véi k=0,1,.., N~1
Ta cé e,(n) =¢" =1

jEnN 2
ey(n)=e N =" =1
Vﬁy eq(n) = ey(n).
Tuong tu ta cé: e (n) = ey,,(n)
e,(n) = ey,,(n)
€5(n) = ey,3(n)

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



Nhu vay chiing ta cé thé bidu dién day tudn hoan c¢é chu k¥ N X(n)
dudi dang sau:

&(n) = ZX(k) e (4.3)
k i}
] - N o 1 -
O day X(k) 1a ddy tudn hoadn c¢6 chu ky N, hé s6 N lrong cong thic
(4.3) dung dé€ tinh todn )-((k) dudi dang gon hon.
* Tinh X(k) : ’
—jz—ﬂm,n
Nhéan hai v€clia (4.3)véi e ¥ tacod:
NG 1%y o Fak -Fma
e N =—>» XK'V N
N k=0
Lay tong theo n tir O dén (N~1) ta cé:
N-1 —jz—nm.n 1 N-1 Not _jz—un.k —jEm.n
> ke N ==> Y X(k}eN e ¥
n=0} N n=0 k=0
D4i thit tr ctia hai téng ta cé:
N-1 _: N-1 N-l 2%, o
S gme =Y K@ =3 ]
n=0 k=0 N
) e [N i (k-m)=IN(cZ
Ta biet: e N = khf (e ~m) €2)
L 0 Kkhi (k-m)#IN
-1 .2n .
Vay: iEeJF(k‘m"" _J1 khi (k-m)=IN
n=U 0 khi (k—m)=1IN

Néu lay gidtril=0thi k = m ta cé:

MZ

~ Nzl —'g—’—:m.n
Vay: X(my=Y &(n)e ¥
n=0
Hoic ¢6 thé viét:
- Nt —* k.
X(k)=>Y &(n)e M (4.4)
n=0 .
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X(k) trong biéu thitc nay 12 mot day tudn hoan ¢é chu ky N, tifc 1a:
X(0)=X(N)
X(1)=X(N-1)
Chiing s& 13y cdch bidu dién X(k) dé dinh nghia cho bién déi Fourier
r&i rac cia cdc day tudn hoan. '
b) Dinh nghia bién déi Fourier réi rac
Bién ddi Fourier rdi rac clia cdc diy tudn hoan X(n) cé chu ky N
duge dinh nghia:

- Nl LI | '
X(k)=> R(n)e (4.5)
n=0 . )
2
—_ N
Néu dit Wy =e
2n
kn _ J_ﬁ'k'n
Ta cé: Wy =e
W = c:j—zl_\l'ikrl

Vay ta ¢6 cong thire bién ddi Fourier r&i rac:
. N-1
X(k)= ) X)Wy (4.6)
=0

Ta ky hiéu bién ddéi Fourier rdi rac 14 DFT (viét tit cla Discrete
Fourier Transform) va c¢é ky hiéu nhu sau:

DFT[%(n)]= X(k)
" hoac &(n)—— X(k)

¢) Dinh nghia bién diéi Fourier rdi rac nguge
Bién déi Fourier r&i rac nguge duge dinh nghia:

. 1S, Ak
X(n) = E;X(k)e _ (4.7)

) ] Nt ) '
Hoac: R(n) = > XUOW" (4.8)

k=0
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Nhu vay chiing ta di 18y cdch biéu dién ddy tuin hoan %(n) ¢6 chu

ky N boi tdng cdc diy ham md Iam dinh nghia cho bién déi Fourier rdi
rac nguoc.

Ky hiéu bién déi Fourier rdi rac nguoge 1a IDFT (viét tat cha Inverse
Discrete Fourier Transform) va ¢ k¥ hiéu nhur sau;

IDFT| X(k) | = %(n)
hoic X(k)—2T 5 %(n)

Trong cédc trudng hgp cin nhdn manh chu k¥ cha diy tudn hodn ta
dung ky hiéu sau day:

X(n)y vd X(k), tic 12 ddy tudn hodn chu ky N.
d) Ban chédt cua DFT
DFT ban chét 12 bién déi phic vi:

- Nol N N-1 I Nl 27 _ N
X(k)= Y KmWr = Zi(n)cos-N—kn -, x(n)sm*h—{kn = A(k)+ jB(k)
n=0(t n={1 ’ n=0
¢ day:

N-1
A(k) = z x(n) cos%t kn

n=t}

N N-|
B(k) = -Zi(n)sin%‘kn.

a0
"A(k): goi 12 bi€n déi cosin.
B(k): goi 12 bién déi sin.
4.2.2, Cac tinh chit co ban cla bign ddi fourier i rac véi diy tudn
hoan cé chu ky N

a}) Tinh chét tuyén tinh _

Gia sir ching ta c¢6 hai day X,(n) va X,(n) 13 hai diy tﬁﬁn hoan ¢é
cung chu ky N va ching ta cé dﬁy. X,(n) 12 t6 hop tuyén tinh cha ca
%,(n) va %,(n) : |

%,(n) =ag, (n) + bX, (n) | 4.9)
& day a, b la cic Héng s8.
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Néu: DFT[%,(n)]= X, (k)
DFT(%,(m)] =X, (k)
thi: DFT[%,(n)]= X, (k) =aX, (k) + bX, (k) (4.10)
O day tdt ca cdc day déu c6 chu ky 1a N.
b) Tinh chdt tré
Néu X(n) 1a diy tudn hoan ¢6 chu ky N va:
DFT[&(n)] = X(k)
Néu ddy X(n—n)1a diay tré clia day (n)cing tudn hoan cé chu ky
N thi: '
DFT[%(n+n,)]= W™ X(k) “.11)
c) Tinh chdt déi xitng
Néu X(n)la day tudn hoan ¢é chu ky N va ¢é:

X(k)=DFT[%(n)]

thi DFT[%"(n) } = X" (~k) (4.12)
& day ddu * 1a lién hgp phitc. |

d) Tich chap tudn hqdn
Ta dd nghién citu tich chip tuyén tinh:

o

X;(n) =X, (n)*x,(n)= Z X,(m)x,(n—m)

Tich chap tudn hoan cé khac tich chap tuyén tinh vi chiéu dai clia céc
ddy tuin hodn 13 v6 cling nhung céc chu k¥ lai 13p lai gidng nhau, vi thé téng
chi 14y trong mot chu k¥, vay ta ¢6 dinh nghia tich chép tuan hoadn nhu sau:

Tich chip tudn hoin cla hai diy tuin hoan X, (n)va X,(n) c¢6 chu ky
N 12 mot ddy X;(n)} tudn hoan c¢é chu k¥ N duge dinh nghia:
N-1
X,(n)= Zil(n)iz(n—m) (4_13)

m=0
ki hiéu:

%,(n) =%, (n)(*)X,(n)
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Ta xét trong mién k: _

Néu ching ¢6 hai day tuin hoan X, (n)va X,(n)cé6 ciing chu ky N va
day X,(n) tuin hoan ciing ¢6 chu ky N nhu sau:

Zy(n) =X, (0)(*), &, (n)

va néu

DET[%,(m)] = X, (k); DFT[&,(n)] = X, (k); DFT[%,(n)] = X, (k)

thi: X,(k) =X, (k).X, (k). (4.14)

e) Tich cia hai ddy
Néu chiing ta coi tich clia hai diy tudn hoan X, (n)va X,(n)cé cing
chu ky N 1a mot ddy X,(n) tudn hoan ciing ¢6 chu ky N nhu sau:
X;(n) =X, (n)X,(n)
va néu ching ta cé: :
DFT[&,(n)] = X,(k); DFT[%,(n)]=X, (k). DFT[%,(n)] = X, (k)

. L PN (4.15)
thi: X,(k) =X, (k)(%) X, (k) = szl(l).xz(k -1
1=0
) Tuong quan tuén hoan 3
Néu ching ta c6 hai dily tuan hoan X,(n)va %,(n)cé cung chu ky N

thi ham twong quan chéo gitta hai ddy nay s& dugc tinh todn trén mot chu
ky va duge cho bdi cong thiic sau:

Fi.iz(n)= Zi,(m)iz(m«-n) (4.16)

m=il

Vay ta thdy ring ham tuong quan chéo cha hai day ciing c6 chu ky N
1a mot ddy tudn hoan c6 chu ky N,

Bay gio ta xét trong mién k-
Néu: DFT[,(m)]=X, (k)

DFT[%,(m)] =X, (k); DFT[& . (m]=R,, ()
thi: R, (k)=X k)., ).
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4.3. BIEN O FOURIER ROI RAC VI CAC DAY KHONG TUAN HOAN
¢O6 CHIEU DAI HUU HAN
4.3.1. TE;ng quan

Néu ¢6 mot ddy khong tudn hoin ¢6 chiéu dai hitu han M va mot day
tuan hoan c6 chu k¥ N.

Néu M = N thi ddy c6 chiéu dai hitu han M x(n),, bang chinh xdc mot
chu k¥ ctia day tudn hoan chu ky N = M: X(n},,
Vidu: Trong trudbng hopM =N=4

| x(n),, T X(n),

) ITL" . hTr

n 0 4 n

»

Hinh 4.3
Néu M < N thi ta thdy ring diy c¢6 chiéu dai hiru han Mx(n), s& cé
thé bing chinh mét chu ky cla day tudn hoan ¢6 chu ky NX(n)y khi
chiing ta coi ddy c6 chiéu dai hitu han M x(n),, 12 mot ddy c6 chiéu dai N
bing cdch kéo dai diy nay thém N — M miu ¢6 gid tri khong.
x(n},, = x(n)y . |
Hinh 4.4. minh hoa trudng hgp nay v6i N=8 va M = 4.

x(n)y

L J

iTTf

3“

X(n)

,ITT?c,__lTTf- =,TTTf=

2y

Hinh 4.4



Nhu viy ta thdy mét diy khong tudn hodn c6é chiéu dai hiru han
Mx(n), ta ¢6 thé lap mot day tudn hoan c6 chu ky N > MX(n), va mbi
mét chu ki ciia %(n), s& chinh bing day c6 chiéu dai hitu han x(n),,. Con
trong truong hop N < M thi chiing ta kh6ng thé thuc hién duogc.

Néu N 2 M ta thé viét:

&(n) = Y (x(m+1N)), (4.18)

Day x(n)y ¢6 chiéu dai hitu han N nhén dugc bing cdch trich ra maot
chu k¥ cia ddy tuan hoan X(n), ¢ chu k¥ N uic 1a:

X(H)N={X(H)N’ 0=<n<N-! (419)

0, n+#

Dé nhan dugc diy x(n) cé chiéu dai hitu han chiing ta ¢ thé sit dung
mét day chit ahat.

) , 0<n<N-l

reci,(n)=

N 0, n con lai

Vay: x(n), = X(n).recty(n) (4.20)

Chiing ta ciing cé tinh d6i ngdu gitta mién n va mién k (hoac gitta diy |
x(n) va day X(k)). Vi viy trong mién k, déi v4i day X(k) c6 thé viét:

X(k):{x(k)’ OSn\SN'ﬂl (421)
0 ,» nconlal
X(k)=5<(k).r¢ctN(k) (4.22)

Mat khiéc ta thdy rang bi€n déi Fourier 161 rac dgi véi day tudn hoan
c6 chu k¥ N chi tinh trong mét chu k¥ r6i két qua d6 duge tudn hoan hoi
tir —o dén +oo v61 chu ky N. -

Vay ta ¢6 thé 14y dinh nghia clia bién déi clia Fourier rdi rac déi véi
diy tudn hoan ¢6 chu ky N d€ 1am dinh nghia cho bién ddi Fourier rdi rac
d6i v6i day c6 chiéu dai hitu han N nhung khéng dugc tuin hoan hod ma
chilay tir 0 dén N —1.

4.3.2. Cac dinh nghia

Cip bién ddi Fourier 18 rac (DIFT) d6i v6i cdc day khong tudn hoan
¢4 chiéu dai hifu han duge dinh nghia:
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* Bién ddi Fourier thuan:

N-1
x(WH,  0<ksN-1
X(k)= z(:‘ N (4.23)
0 k con lai

x(n) —2L 5 X(k)

* Bi€n déi Fourier nguge (IDFT)

1 MN-1
— ) X(kYW ™, 0<k<N-1
x(n)=<N Z; (W, R . {4.24)
k con lai :
0,
X(k)—2 5 x(n)

X(k) dugc goi 1a phd rdi rac clia tin hiéu x(n), vi néu biéu dién &
dang modul va argument ta cé:

X(k) =X (4.25)
o(k) = arg[X(k)]
|X(k)| : dugc goi 12 phé rdi rac bien do.
(k) : dugc goi 1a phd rdi rac pha.

Vi dy: Hay tim DFT cta diy ¢6 chiéu dai hitu han x(n) sau day:
x(n) = 3(n)

Bai giai:

‘Mudn tim DFT truéc $ x(n)

hét phai chon chiéu dai

cua DFT, tidc 1a chon q
chiéu dai cha diy. Gia

st chon 1a N, vay x(n) ool 2 N -
¢6 dang nhir hinh 4.4.
Va X(k) dugc tinh nhu sau: Hinh 4.4
& 1 0<k<N-1
X(k)= ) d(n)We =17 -
o ;” " { k con lai
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X()=[xgole™ flxao]
1. 0<k<N-1 |
X(0) - =N 1
0, kconlai | e
@¢k)=0, moi gid tri chia k ' _2'_1‘0 1 2 ' Nt :
1X(k)| dwoe bidu dién trén hinh 4.5. Minh 4.8

4.3.3. Cac tinh chat cd ban cla DFT d8i véi cac day ¢6 chidu dai hitu han
a} Tinh tuyén tinh
Gid su ta c6 hai day chiéu dai hitu han x,(n), x,(n) va x4(n) 12 té hop
tuyén tinh cta hai diy nay:
X;(n) = ax,(n) + bx,(n)
Néu: . DFT[x,(n)] =X, (k)
- DFT(x,(n)] =X, (k)
DFT[x,(n)] =X, (k)

thi: X, (k) =aX, (k) + bX,(k) (4.26)
Néu chiéu ctia x,(n) vi x,(n) 14 khéc nhau.
L[x,(m)] = N,

L[x,(n)] = N,
Khi d6 phai chon chiéu dai ca diy x,(n) nhu sau:
L[x;(n)] = N, = max{N,,N,)
va tat ca cdc DFT[x,(n)], DFT[x,(n)] v& DFT[x,(n)] déu phai tinh trén N,
méu. Gia st N;< N, thi ddy x,(n) phai dugc kéo dai thém N,-N, miu
khong va DFT[x,(n)] phai dugc tinh trén N," miu va DFT[x,(n)],
DFT{x,(n}] ciing dugc tinh trén N,= N, miu.
Cu thé:

N, -1
X, (k)= x, (MW =X (k),, 0<k<N,-1

n={

N,-1
X, (0= 3 x,(mWe =X,(k)y, O0<ksN,-l
n=0 .

Ny~1 :
X, (ky=> X, (MW =X (k)y, O<ks<N,-1

n=(1

g5



b) Tré vong
Pé c¢6 duoc khdi niém tré vong ta can xem lai khdi niém tré (tré tuyén
tinh) va tré tuan hoan chu ky N.

Vidu:
Cho m¢t didy x(n) sau:

1-%, 0<n<4

(=7 4
0, n cdn lai

Hay tim tré tuy&n tinh x(n-2) va x(n+2)
Bai giai:
Chiing ta giai bing dé thi nhu trén hinh 4.6.

$x{n}
1

Al

4 x(n=-2)

Lo lre.

0 n
1 x(n+2)
1
[‘
L , - - % =
0 n
Hinh 4.6

Vidu:
Cho diy tudn hoan chu k¥ N = 4, X(n), sau day:

-2, 0s<n<4

~— ’
x(n), = :

(n), n cdn lai
0,

Héy tim tré tudn hoan %(n—2),va X(n+2), va &y ra mot chu k¥ cuia

hai day nay.
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Bai gidi: xem hinh 4.7.

—e
=

o, |
et

o
—®
—.—
B -
— o
—e
SR
ad
————e
 J
—.
-.
A 2=

0| :

Y x(n-2),

o
‘QIT; "

'0 ¢

1 x0-2),

I 19 | i
TT?IE'QILT? n

q

i | xn-2), !

T
AR TE i

0 E

I Hinh 4.7‘

x(n—-2),vax(n+ 2)4 dugc goi la 1r€ vong véi chiéu dai N = 4 cla x(n).
* Khdi niém tré€ vong: Néu ta trich ra mot chu ky ctia tré tuan hoan
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chu k¥ N X(n+n,), ta s& dugc tré vong x{(n+ny)y:
x(n*n,)=%(n+n,)y.recty {n) (4.27)
¢) Tinh déi xung
Néu ta ¢6 day chiéu dai hitu han N 1a x(n)y va DFT[x(n)y] = X(k),
thi: DFT[x*(n)\] = X*{(-k)y
G day * 1a dau phic lién hop.
d) Tich chép vong
D6i v6i cdc day tudn hoan ¢é chu k¥ N ¢6 quan hé sau:

i N-1
%,(n) =&, (N)(®) &, (n) = D &, (m)X,(n—m)

m=(

Trong mién k ta cé:
X, (k) =X, ()X, (k)

TAt ca cac diy néu trén déu cd chu ky tuin hoan la N. Dol véi céc
day khong tudn hoin cé chiéu dai hitu han N, chiing ta c6 thé coi chiing
twong dng véi mot chu ky ctia ddy tudn hodn chu k¥ N, vi vay ta ¢6 dinh
nghia va tinh chét twong tu nhu véi cdc day tuén hoan chu ky N.

Dinh nghia: Tich chap vdng cua hai diy khoéng tudn hoan x,(n) va
© x,(n) ¢6 chiéu dai hitu han N 1a mét diy khéng tudn hodn ciing c6 chiéu
dai hitu han N x,(n) cho b&i quan hé sau:

N-1

X, (n)y = Z:xl(m),qxz(n—m)N = X, (n)y(#)y X, (N)y (4.28)

m={
Khi d6 trong mién k s& nhu sau:
| Xa(K)y = X, (ke Xo (k)
O day: X, (K)y = DFT[x,()y]: X,y = DFTx,(n)y)
X3(k)y = DFT{x,(n)y]
Vidu: Cho hai day khong tuéin hoan ¢é chiéu dai hitu han N = 4 nhu sau:
x,(n), = 8(n-1) |

-1 o0<n<4

*
X3(0), = n con lai
0, :

Hiy tinh tich chap vong chiéu dai N = 4 cla hai day:
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Bai gidi:

X4(n), = X,(n),(*), x, (n_)4 = Z X,(m),.x,(n—m),

m=0

2 1
X4(0), = z X;{m), x,(0-m), = 2

x,(D), = Y x,(m), x,(1-m), =

m={ .
X;(2), = Z X,{m),.x,(2-m), = 3
m=0
X,(3), = Z x,(m),.x,(3—m), =_;..
ma=(}

CAU HO! VA BAI TAP

Bai 1:

x(n)1a mot day tudn hoan ¢é chu ky N va tacéd )'(1(k)N =DFT,[x(n),] 1a mét day
tuén hoan ¢é chu ky N. Ta ciing 6 thé coi X(n) nhu mot day tudn hoan ¢é chu ky
2N vata cé X,(k)yy =DFT,[X(n),y]. Vay X, k), c6 chu ky 2N.

Tim X,(k),y theo ham cia X,(K),,.

Bai 2:

X(n) 1a mét day tudn hoan ¢6 chu ky N va ta c6 X{k) = DFT[k(n)] . Tim
DFT[x(n)] = k(1) .

Bai 3: |

Tinh DFT chiéu dai N =16 ciia cac day sau:

1, v6in=0,1,2,14,15
X (Mg = [0’

s vBi3<n<13

'y 0 ={1, v6i0<ns4
0, vBis<ns15
Hay so sanh 2 két qua va dua ra nhan xét.
Baij 4:
Cho day x(n) cé chiéu dai hitu han N. Ching minh ring:

x(—n)y = x{N- n),
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Bai 5:
Cho day x(n) cé chiéu dai hitu han N, DFT dugc tinh trén N mau:
X(K)y = DFT[x{n)]

. » v on T N
Né&u x(n) thoa man quan hé sau: x(n) = x(N — 1 = n) véi N chan. Hay tinh X[E]
M
Bai 6:
Cho quan hé gilta hai day X,(n)va X5(n) nhu sau:
X,{n) = x,(n).x4(2n); X,(n) cé chiéu dai hiru han N,

Hay tim X2(K) theo ham X, (K).
Bai 7:

Tim bién d8i Fourier réi rac X(k); cGa day tudn hoan

. 1-2 véi 0<n<3
x(n):i: 3

0 vii n=4
Bai 8:
Tim bién ddi Fourier rdi rac X(k), ctia day cb chigu dai hiru han
- 1 1
x(n), =_3(n+&n-1)+-38(n-2)
2 3
Bai 9:
Tinh tich chap tudn hoan cia hai day %(n)s va h(n),biét:

x(n)g = %5(n)+%8(n—1)+%6(n—2)

h(n)g = rect,(n)



Chuong 5

TONG HOP CAC BO LOC SO
CO PAP UNG XUNG CHIEU DAI HOU HAN

5.1. DAT VAN BE

Trong céc chuong trude ching ta di nghién cdu cdc phucmg; phép
chinh dugc sir dung trong xir 1y s4 tin hiéu, day 1a nhiing phuong phdp
mang nang tinh 1y thuyét. Trong chuong nay chiing ta s& sir dung cdc
cong cu chinh da dugc nghién cttu & nhing chuong trude vio céc truong
hop thuc t¢ clia k§ thudt x& 1y s6 tin hiéu. Nhung dé don gian héa cic
- phuong phdp téng hop ching ta chi gidi han nghién citu cdc trumg hop
ctia he théng tuyén tinh bat bién.

Trude khi di vao chi tiét nghién ciu phuong phdp tdng hop céc bo foc
s6, ching ta hdy dinh nghia thé nao 12 loc 56 va bo loc s6.

¢ DPinh nghia bo loc s6:

Mot he thdng diing dé lam bién dang sy phan b tdn s& thanh phén
clia mt tin hiéu theo céc chi tiéu da cho duge goi 1a bo loc s6.

¢ Dinh nghia viéc loc s6:

Cic thao tdc cha x{ Iy dung dé lam bi¢n dang su phan b8 tin s6 chia
thanh phan clia mot tin hi¢u theo céc chi tiéu di cho nh mot hé théng s6
dugce goi 1a su loc s6.

5.2. TONG QUAN

5.2.1. Céac tinh chit bd loc 58 ¢6 dap ing xung chiéu dai hiru han (FIR)
Cac bg loc 86 cé dép tng xung chiéu dai hitu han dugce dic trung bdi
ham truyén dat sau day:

N-1
H(Z)=) h(n)Z™ (5.1)
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Tic 1a: L[h{n)] =[0, N-1] =N
Nhu vay diéu kién én dinh luén luén thod mian theo cong thitc (5.2):

o0 N
S Ihco) = e <
n=—s =D (5.2)
Tit cong thitc (5.1) ta thay ring H(z) chi ¢6 cdc diém cuc tai goc toa
do clia mit phing phic, cdc diém cuc nay ludn nim trong dudng trdn don
vi nén hé thdng ludn én dinh.
Mot thuén loi nita cia bd loc FIR 14 do chiéu dai cta h(n) la hitu han
nén néu h(n) 1a khong nhan qua thi hin) # 0 véin < 0.
Khi d6 ta c6 thé dua vé nhan qua bang cdch chuyén g6c toa dé gid tri
© ddu tién khic khong chia h(n) ma dam bao |H(ej'°) vin khong thay déi.

5.2.2. Cac budc tdng hgp bd loc s8 FIR

Vé nguyen tic tong qudt d€ t3ng hop bo loc 8 FIR chiing ta ¢6 4 budc:

Butée 1: Giai quyét van dé gin ding dé xdc dinh cic hé s§ ciia bo loc
thda min céc chi tiéu k¥ thuat da cho, cu thé 1a 4 chi tiéu 8, §,, @g, ©s
" Budc 2: Chon céu tric lugng tir hod cdc hé s& cia bo loc theo s6 bit
hitu han cho phép.

Buédc 3: Lugng tif hod cdc bién vao cia b loc, téc 13 chon chiéu dai
cua tir d6i véi:

— Pau vao;

—Pdaura;

- Cac by nhé trung gian.

Buoc 4: Ki€m tra bing cdch mé phdng trén mdy tinh xem b6 loc cudi
cling ¢6 théa mian céc chi tiéu k¥ thuit di cho hay khong.

Trong chuong nay ta sé& tap trung vao budc thd nhat, tic 12 xdc dinh
h(n) sao cho cdc chi tiéu ki thuat dugc théa man. '

5.3. CAC DAC TRUNG CUA BO LOC FIR PHA TUYEN TINH

5.3.1. Dap ung tén s cla pha {(dap ing pha)

Gia sir h(n) 1a ddp ing xung cla bd loc FIR xdc dinh véi cdc miu n
=0,1,...,N-1, tic 1a:
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L[h(n)] = [0, N-1].
Ham truyén dat cia né nhu sau:
N-1
H(Z) = 3_h(m)Z™" =h(0)+h(HZ™ +..+h(N -1z "V
n=(}

Ddp Gng tdn s6:

H(e™) Z h(n)e ™ = Z h{n)cosw.n+ jf- z h(n)sin®.n]

n=(} n=l

hoic 1a: H(e®) = |H(ej‘”) glo

¢(w) = arg[H(e")]
Ta thdy ring H(e’) 12 tudn hoan véi chu ki 2x, tic 1a:
H(cjm) H(ej(m+21tm))

Néu h(n) 1a thuc thi theo tinh chét cla bié'n déi Fourier d6i véi tin
hiéu rdi rac ta cé:

[Fi(e*)| =|H(e ™) s arg[H(e™)] = — arg[H(e™)]
Vay ta ndi:

IH(ej‘”) : 1a ham chin (dé6i xdng);

o(w) 12 ham I& (phan d6i xéng).
Do H(e') 1a tudn hoan v6i chu ky 2n vy ching ta chi nghién ciu
|H-(cj‘°)

va ¢{o) trong khodng 0 < © < 2n (hodc 1a —n < ® < &) va trong
im)

ham 1¢ trong khodng mot chu ky, vi vay ta chi cin nghién ciu H(e'®)
trong khoang 0 < © < 7.

trudng hop dic biét néu h(n) 1a thyc thi

1a ham chan va @(o) 1a

5.3.2. B% lgc pha FIR tuyén tinh
Ching ta nghién citu hé thdng tuyén tinh bat bién nhan qua va én dinh,
bay gitr ching ta c6 thém mot diéu kién ring budc nita vé pha, dé 1a diéu
kién pha tuyén tinh. Ddp ting tdn s6 H(e™) s& dugc biéu dién nhu sau:
H(e™®) = A(e/®)e®®, |

8(0) = - ao, ~-TSOET
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Ta bi€t réng thoi gian lan truyén tin hiéu T dugc tinh nhu sau:

T do(m) 53
do (5.3)
Vi Bw)=p-cmtacd: T=-A

Vay o 12 hing s& biéu dién thai gian lan truyén tin hiéu.

Ching ta nghién ctru hai truomg hop:

I.B=0;08(w)=-aw , -nt<wm<T

2.#0;0(@)=Pf -, -m<w<n.

* Truong hop 1: _
T Bo)=—aw, NN

H(e™) = A(e").e™ = A(e®).e™

N-1
= Z h(n)[cos®.n— jsin®.n]
n=0

N-1
Vay: A(e”)coso.m = Z h(n).coson

n=0

N-1
A(e®)sina.o = z h(n).sin®.n
n=(}
N-1
h(n)sin®.n

= tgow =22

h{n)cosm.n
n=U

VisinD=0;cosO=1, taco:

N-1
Zh(n)sin w.n
tgow = —2=0— (5.4)
h(0)+ ) _h(n)cosw.n

=l
Dén day chiing ta cé thém hai trudng hgp: o =0 va a = 0.
-Néua=0:

N-1
Z h{n)sinw.n
tg0=0=—="=0—
h(0)+ > h(n)cosw.n

n=1




—Néu o = 0:

Vay ta ¢cé:

= h(n)=0 véin = 0 va gid tri h(0) # 0.chon tuy ¥.

h(n)=1" 0 . n=0
. =0 , n=z0
N-1
z h{n)sinw.n .
v SIN CLm
tgow = 2= =

Z h(n)cosw.n cosaw

n={}

N-1 N-1
sin am.z h(n)cos®w.n = cos (xm.z h(n)sinw.n
n={ n=(01

N-1
= z h(n)[ coson.sinaew —sinon.cosow ]=0

n={

ih(n).sin[(a-n).¢o]=0 (5.5)

n=0}

Phuong trinh (5.5) cho ta nghi_-ém:

Vay: h(0) =h(6), h(1) =h(5),
h(2) = h{4) va h(3). D6 thi h(n)
duogce cho trén hinh 5.1. Hinh 5.1

N-1
o =—0-
2 (5.6)
h(n)=h{N-1-n)
Vidu:
Cho b¢ loc s& FIR pha
tuyén tinh 8(o) = — aw cb 4 htn) I
— — — «— Tam d8i xiing
N =7, h0) =1, h(l) = 2, ; nam ta(i}(N—1)12
h(2) = 3, h(3) = 4. Hiy tim
o va vé h(n). _
Bai gidi:
wo N-1_. ‘ T
2
h(n) =h(6 —n) 10 1 2 54 5 6 7 n
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Vidu:

Cho bo loc s6 FIR pha tuyén tinh (w) = - aw ¢cé N=6, h(0) =1,
h(l) =2, h(2) = 3.

Hay tim o va v& h(n).

Bai gidi:
N-1
a= —2—=2,5; h(n) = h(5 —n)
Vay: h(0) = h(5), h(1) = h(4), h(2} = h(3).
D6 thi h(n) duge cho trén hinh 5.2,
Ah(n}
E_‘_ Tam déi x(mg ndm giita
: hai didm g-—lva%
' [ i ‘ I I
. . . >
-1 0 1 2 : 3 4 5 6 n
' Hinh 5.2
- Nhdn xér:

+ D3&i v8i mbi mot gid tri cha N, chi ¢ mét gid tri o dam bao pha
tuyén tinh. _
+ D6i véi gid tri o nay, ddp ting xung h(n) 1a d&i x1ing.

+ Néu N 1¢ thi a 1a mét s6 nguyén va tdm déi xing clia ddp ing xung
N-1

tring voi méiu

+ Néu N chin thi o 14 mot s§ khong nguyén va tam déi xing cla ddp
. ... . - N . N
tng xung nam giita hai mau ?—1 va —.

Pic diém quan trong nhét d6i véi bd loc FIR pha tuyén tinh nay 1a
tinh d6i ximg clia ddp tng xung h(n) ma sau ndy c6 rdt nhiéu ng dung
quan trong.
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*Truong hop 2:
) =B~an , —r<w<n
H(e™) = A(e™)e®™® = A(e™).eP
. N-1 ) .
H(e*)=> h(n).e ™"

n=t}

Ching minh twong tu cta truéng hop 1 ta ¢é:

N-1
> h(n).sin[B +(n - a)o] =0 | (5.7)
n=(0)
va nghiém duy nhét clia (5.7) la:
N-1 4
=— =+—
= P 2

h(n) = -h(N -1 -n)

Vi du: Cho b6 loc s8 FIR pha tuyén tinh &(w) = B-oawcé N=7,
h(0) =1, h(1)=2,h(2) =3

Tim o va v& h(n).
Bai gidi:

a=N-1_5
2

h(n) =— h(6 —n)
Vay: h(0) =—h(6), h(1) = — h(5), h(2) = — h(4) vA h(3) = - h(3) = 0.
D6 thi h(n) dugc cho trén hinh 5.3.

4 h(n)
1
———  Tam phan d6i xing
:
]

® i
1

--10124}5678 n

i _
]
i
]
I

Hinh 5.3
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Vi du:

Cho b loc s FIR pha tuyén tinh 0(w) = B — aw ¢6 N = 6, h(0) =1,
h(1)=2,h(2)=3

Tim o va vé hin).

Bai gidi:
a=N"1_55
2
h(n) =—h{5—-n) |
Vay: h(0) = — h(5), h(1) = — h(4), h(2) = - h(3).
D4 thi ctta h{n) nhu hinh 5.4
A hin} :
:d— Tam phéan d8i ximg
o
10 12:341516 g
. ! Hinh 5.4
Nhdn xét.

'+ D&i v mbi mot gid tri cha N, chi ¢6 mot gid tri oo dam bao pha
tuyén tinh.

+ D6i véi gid tri o nay, ddp Gng xung h(n) 12 phan d&i xdng.

+ Néu N 1¢é thi o 14 mot 8 nguyén va tam phan déi xting cta dép ung

. s - 1

xung trung véi mau N2 va h( N2 )=0.

+ Néu N chén thi a 12 mdt s6 khong nguyén va tam phan déi xing

+ + P N [ . = N . N :

cha ddp dng xung nam giira hai mau -2*‘—1 va ER
| Pic diém d6i véi bd loc FIR pha tuyén tinh nay la tinh phdn d6i
xling cua dap ung xung h(n).

Nhir vay, d6i véi bo loc FIR pha tuyén tinh 8(w) = [3 o ta cd thé
chia thanh 4 loai:
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+ Loai 1: h(n) d&i xiing, N 1&;

+ Loai 2: h(n) d6i ximg, N chin;
+ Loai 3: h(n) phan d6i xing, N 1¢;
+ Loai 4: h(n) phan d6i xding, N chin.

5.4. DAP UNG TAN SO CUA CAC BO LOC FIR PHA TUYEN TiNH

5.4.1. Trudng hop déap ing xung ddi xung, N & (bd loc FIR loai 1)
Ching ta biét rang:
- N_l . N -
H(e") = Z h(n).e ™" = A(e®)e 2
n={

Ap dung tinh chét d6i xtng ciia h(n) ching ta chia t6ng nay thanh 3
phan nhu sau;

N-1
o , —1 el Nm |
He)= ¥ hme ™ +h(Ch) e ™7 1 3 e
o= 2 n—N_l-i-I. .
2
D4i bién s& thanh phdn tht 3: n=N-1-m
Ta c6:
= N-1_ -plh 0
HE®)= X h(me™ +h(——)e " 2 '+ 3 hN-1-m)e oim
n=(} 2 : m=Ei_-1+l . )
T Ny gl '
= i h(n).e™ ™ + h(y—-z-_—l).e-p(T) + z h(N —1—n).g -1
n=0 n=0
Sau d6 dp dung h(n) = h(N -1 — n) v& bién d6i tiép thu dugc két qua:
N-1
. “2_ —'mE
H(e") = Za(n)cosm.n e 2 (5.8)
n=t}
. - N -
O day: a(0)=h(N—21~-0); a(n) =2h( l—n)
So sanh véi biéu thitc: H(e™) = A(e'®).e 7
_l'i-_l
Ta cé: A@™)= i a(n)cosw.n; (5.9)

n=0
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a=_'
2

Vi du: Cho dip tng xung h(n) cua bo loc s6 FIR pha tuyén tinh nhu
hinh 5.5.

Hiy tim a(n) va |H(cj“’)

4 hin)

Bai gidi:
N=5N-1=4

Vay: a0 =h2-0)=h(2)=2
a(l)=2h(2-1)=2h(1l) =2
a(2)=2h(2-2)=2h(0)=-2

P4 thi cia a(n) hinh 5.6:

30

v

-1 0 1 3 n

Hinh 5.8

Ta co:

Ae®)= zzla(n) cos®.n

n=0
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=a(n)cosa.n=a(0)cos0+a(l)cosw + a(2)cos 2m

=2+2cosw—-2cos2w

[H(ei‘”) = |A(ej‘")

=|2+2003m—2c052m|

D4 thi ciia A(€”) va [H(e™)| dugc biéu dién hinh 5.7.

A(ejm)u

R,

4 -+

p

0 /2 v 3n/f2 2n o
HeE)| 4

A 4

Hinh 5.7

5.4.2. Trudng hgp dap ing xung d&i ximg, N chin (b loc FIR loai 2)
Ta biét ring:

- N_] . : . .
H(e”)=) h(n).e™ = A(c")e*
n=f -
Do N chdn nén chiing ta chia téng ndy thanh 2 phin nhu sau:
- E‘hl . N-l 4
H(e") = X h(n).e™™ + " h(n).e"
) N

n=0

2

D4 bién s6 thanh phan tht 2tacé:n=N—-1-m

Ta c6:
=1 -]-q——l
, . 2 ‘
H(em‘) = i h(n).e " + Z h(N-1- m)'e—Jw(N—-l—m}
a=0 m=0
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A@E™) = 0, c6 nghia la ta
khong thé sir dung bo loc FIR

pha

dap

7t (vi du nhu loc théng cao).

cua

Sau dé 4p dung h(n) = h(N -1 — n) va bi&n ddi ti€p ta cé:

. M-l
-j——

H(e*) = ib(n)cos[m.(n-—%)] e

3 day:
Y b(n)=2h(§—n) , 1€n<

~ |2

So sdnh vdi biéu thitc:
H(e") = A(e!®).e T

N
Ta cé: A(e™) = i b(n)cos[w.(n— %)] ;

n=ll

N-1
o=—
2

Chd ¥ rdng v6i @ = = thi:

1 1 T
cos{w(n— 5)] =cos[n(n-— E)] = COS[E 2n-1)];

ma 2n—1 1€ vét moi n, vay:
cos[g(Zn— Dj=0 v3i moin

Vay tai @ = 7« thi luén cé 4 hin)

tuyén tinh loai 2 dé téng

img tdn 56 khdc O tai o =

hop cdc bd lgec yéu cdu cd 1 I I

(5.10)

(5.11)

Cho ddp tng xung h{n)
bd loc s6 FIR pha tuyén —1 T

Vidu: -1 1 2 31 4 5

tinh hinh 5.8.
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Tim b(n), A(e®) va [H(e")

Bai gidi:
N=4,N2=2

Hinh 5.8
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Vay: b(l)=2h(2-1) = 2h(1) =2 -, T bimy
b(2) = 2h(2-2) = 2h(0) = -2 '
D6 thi ctia b(n) nhu hinh 5.9.

\ 4

A(e®) = Za(n) cos[u).(n—%)] \g

n=0

_ ! L
=a(l)cos[w.(1 2)]+b(2)003[(°°(2 2)] YN N

© W Hinh 5.9
= 20055m2cos3—

|H(ej‘°) = |A(éj“‘)| = 20059—200532‘
2 2
D4 thi chia A(e”) va [H(e™)| duoe biéu dién trén hinh 5.10.
F 3 A(E’D)
A
P
0 /3 n ans3 m o
t [HeE™)
e
2
0 ;;m n 4::}3 % o
Hinh 5.10

5.4.3. Trudng hgp dap img xung phan déi ximg, N 1é (bd oc FIR loai 3)
Ta biét raing:
H-1 . . .
H(e*)= Zh(n).e"‘”“ = A(e")e™?
n=(}

Do N 1¢, ching ta chia tdng nay thanh 3 phin nhu sau:
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oy _ S con N1 e, N o
H(e®)= ) h(n)e’ th(——)e " '+ > h(n)e’
n=0 n=%+]

X o N-1
Trong trudng hop nay h(—-2——-) = 0, vay:
LE
H(") = i h(n).e™ + Y h(n)e ™"
= nz-ﬂ—:—l--l-l
2

P41 bién s6 thanh phdn tht 3: n=N-1 - m

E-l ﬂ__l_l
Ta c6: HeP)= $ hm)e™ + $ hN—1-m)e -
n=() m=l]

Ap dung h(n) = — h(N -1 — n) v bién d8i ti€p ta thu duge két qua:

bl

| ; LI
H(e")= Zc(n)sinw.l‘l e 27 (5.12)
n=0
3 day: c(n) = Zh(N_l —1)

So sanh v&i biéu thitc ta cé:
H(eﬁﬂ) = A(ejm).c jiB-cen)

N-1
Ta cé: Ae™)= i c(n)sine.n
o=0
w2l g
- “An
Vidu: o
2

Cho dédp vng xung h(n)
ctta b loc s6 FIR pha tuyén
tinh nhu hinh 5.11. Tim c(n), 19 I

A(e™®) va |H(e-‘°’ )|

(5.13)

Bdi gidi: >
N=5N-D2=0=2; o1 2 34

- -1
B_E . " Hinh 5.11
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Viy: c(1)=2h(2-~1)=2h(1)=-2
c(2) = 2h(2 - 2) = 2h(0) = 2

D6 thi clia ¢(n) nhu hinh 5.12,

4 hin)

) S,

Hinh 5,12
2

A(e®) = z c{n)sin mn =¢(l)sinw.+c(2)sin20 = -2sinw + 2 sin 20

=0

]H(e‘*” )l = IA(e"‘“ )| =|-2sin®w+2sin 20|

> L3 ji ~ H Jw .3 .= . .
D6 thi cia A(e™) va i S )I dugce biéu dién hinh 5.13

44 AleY)
2
) \'l'l—-—-—l"",— :

0 /2 - 3n/2 2n o

F'y |H(e"")|
4 ——
2
0 .77 n 32 2n

Hinh 5.13
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5.4.4. Trudng hgp dap img xung d&i ximg, N chin (bd igc FIR loai 4}
Chiing ta biét ring:

N-1
H(e*) =D h(n).e ™" = A(e")e™"
n=0
Do N chin chiing ta chia téng nay thanh hai phdn nhu sau:
N

EAE

, . N-I '
H(e™*) = i hin).e™™ + Z h(n).e™"
N

n=0
n=—
2

D4i bién s6 thanh phdn tht 2: n=N-1-m

L

. i 0 ' |
Ta cé: H(e-"”) = i h(n).e-ju:-n + Z h(N —1 —m)‘e"“(”"'m’ .
N

n=l} ma——l
2

Ap dung tinh chit phan d6i xtmg h(n) = — h(N ~ 1- n) va bién ddi
ti€p thu duoc két qua:

N
. .S ] 1 TSI bt |
H(e™) = gd(n)sm[co.(n'— E)] € R (5.14)
3 day:
d(n)=2h(I—;~*n), lsns%

So sanh v&i biéu thic ta cé;
H(c’m) = A(e™).e 2.

N
Ta c6: A= id(n) sin[o.(n - %)] ;
a=""lipg-T 5.15
= =3 | (5.15)

Chi § véi © = 0 thi:
| sinf{w(n — %)] =sin[0{n— %)] = sin[g (2n—-1)]=0 ¥n.

Vay tai © = 0 thi ta luén cé A(e®) = 0, nhu vay ta khong thé sir dung
b6 loc FIR loai nay dé tdng hop cdc bo loc ¢ yéu cdu ddp ing tin s6
khéc O tai tdn s& o = 0 (vi du nhu b loc thong thap).
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Vidu:

Cho ddp \tng xung h(n) cla bd lgc s3 FIR pha tuyén tinh hinh 5.14.
4 h(n)

1 o—---—-T
0 2l 3 41 :
P I S
Hinh 5.14
Tim d(n), A(e") va [H(e®)
Baigidi:  N=4,(N-D2=as15B=>2
Vay: d(1)=2h(2-1)=2h(1)=-2

d(2) = 2h(2 — 2) = 2h(0) = 2
P4 thi cha d(n) biéu dién trén hinh 5.15.
4 dim)

¥

Hinh 5.15

2
Ae®y= Zd(n)sin[m.(n —%)] = d(I)sing + d(2)sin% = —25in%]- +2sin 3?(0

n=0

|Fi(e*)

= |A(ej“‘)

= —2sin-q)~—+25'm3—m
2 2

D3 thi clia A(e™) va |H(f:jm )| dugc biéu dién trén hinh 5.16:
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1 A
4...
2 .
+ + /\ —
0 /2 m Inf2 2
F 3 ‘H(CW)l
4 +
2
0 /2 m 2 MO

Hinh 5.16

5.5. PHUONG PHAP TONG HOP BO LOC SO FIR

5.5.1. Téng quan

Viéc nghién citu cdc phuong phip téng hop bd loc s6 FIR thuc chat
1a nghién cqu céc phuong phdp tinh todn cdc hé s& cla bd loc. Cic hé s6
nay la nhimg s6 thue khi cai dit trén hé théng né s&€ duge lugng ti hod va
mi hod ra ma nhi phan. Trong phin nay chiing ta chi nghién ciu phuong
phip téng hop bd loc s§ FIR pha tuyén tinh, b&i vi pha tuyén tinh c6 rat
nhiéu wu diém va duge st dung rong rdi. Cic hé s6 h(n) cla bo loc phai
duoce tinh todn sao cho bd loc thea min céc chi tiéu k§ thuat da dé ra. Céc
chi tiéu k¥ thuat nay thong thudng duge cho trong mién tdn s, tic 1a theo
dép tng tdn s6. C6 nhiéu phuong phép dugc sit dung dé 16ng hop b6 loc
s6 FIR nhu phuong phép cira s, phwong phdp 14y miu tdn s4,... Sau day
ching ta s& di sau vao nghién ctru phuong phép cira sd.

5.5.2. Phuong phap ctra sb
Chiing ta biét ring ddp dng tdn s6 clia mot bo loc s6 H(e') 1a mot
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ham tudn hoan chu ky 2n, trong khi d6 mot bo loc twong ty duge dac
trung trong mién tdn s6 tuong tu @, bing d4p tng tdn s6 cha né H,(w,).
Dé thuc hi¢n duge phép loc bing con dudng s6, ddp tng tin s6 H.(0,)
nay phai dugc coi nhu la tudn hoan chu k¥ 27 nhu sau: _

H,(®) - H(e*) va h,(t) - h(n)

Hinh 5.17. so sdnh hai trudng hop tuong tu v s& cda bo loc thong
thédp 1y twdng pha khong.

Ll

|H(e““)| A - |H(e_|lll)| 4

4
¥

hi{t) 4

—
&
=R

Hinh 5.17

Nhdn xér:

— Céc gid tri ciia h(n) 12 cdc heé s8 cha khai trién Fourier ¢tia him
tudn hodn ¢ chu ky 2=, vi vay phuong phdp cira s cdn goi 1a phuong
phip t1dng hop bo loc FIR nhd khai trién Fourier.

— h(n) 12 ddp ung xung cua bo loc 1y tudng, vi vay h(n) c6 chidu dai
v6 han nén khoéng thyc hién duoc.

— h(n) khéng nhan qua, nhu vay s& khong thyc hién duge vé vat 1y.

— D€ cho dép dng xung h(n) tr& thanh ddp tmg xung cia bo loc FIR,
chiing ta dua h(n) tr& thanh nhan qua va phai han ch€ chiéu dai cta né.

— D€ han ché chiéu dai cia dép tng xung h(n) chiing ta sir dung cdc
ham cira s8. Clra s6 duge ky hiéu nhur sau (trong mién n):

=0 0<n<N-1
w(n), {

(5.16)
=0 ng[0,N-1]
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Sau day ta s& xem xét mot s6 dang cira s6 théng dung:
a) Cita 86 chit nhét '

Dinh nghia clra sé chit nhat nhu sau:

=1 , 0<n=<N-1
=0 nef[O,N-1]

P4 thi cha clra sé chit nhat nhu hinh 5.18

Trong mién n: wg(n)y, {

wr(n)y

Hinh 5.18

4

(5.17)

Nhur vay ta thiy ring cira sé chit nhat chinh 1a diy chit nhat recty(n),
cira sé nay s& dung dé han ché chiéu dai cha h(n) 1y tudng c6 pha tuyén

tinh. Khi d6 ta cé:
hy(n) = h(n). we(n)y-
hin), 0<n<N-I|
Tuic ka: hy(m) = )
0, ng[0,N-1]
Trong mién tén sé:

WR (ejm y= FT[WR (II)N ]

= i Wg (R)y ™" = Z g on

—eN  SID—— N1
- l1-e "m - .e-.l@—z—
_ale
1-e sin —
sin——
N-1
Vay A (e")= ; 9((0)=—Tm=—a0)
sin—
vA We(e") = Ag ()™
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Ar(e”™) dugc biéu dién nhu hinh 5.19.

4 Axle™)
6

NN ANN

\/o\/\_/ o ®

-6 Hinh 5.19

[We ()] duge bidu dién nh hinh 5.20.

4 ]WR (cjm)l
N .

Y

B 2/N  4n/N 6n/N 27
" 4m/N

Hinh 5.20
Nhdn xét: .
+ Wr(e™) goi 1a cira sé phd.
+ B¢ 1ong clia dinh trung tam, ky hi¢u 1a Aw,, d6i v4i cira s6 chir
nhat thi Aw, _4n

b) Cita s6 tam gide (hay ciza s6 BARTLERT)
* Dinh nghia cita sé tam gidc:
Trong mién n cira s6 tam gidc duge dinh nghia nhy sau:

[ 2n , OSnSN_l
N-1

wo{(n), =1 Z_NZ:II’ hlSnSN—l (5.20)
0 » ngl[0,N-

L
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D4 thi cha cira sé tam gidc vdi N = 9 nhu hinh 5.21.

n , 0<n<4
3 _
wT(r{)gmz—% ., 4<n<8

r
Wi(n)e k
1 S
0 4 8 n
Hinh 5.21

Trong mién tin s6:

Wo(n), = N—Z_I.recly__l(n)* rectﬁ(n -1)
2 2

2
2?\].'—:"1- R(n)!%*wa(n“'l)_?
. 2 . . N
Wi(e" )y, =E.WR(E:J )E‘J'e W, (e! )E—_l
2 2
N-1_,
| L sinfo—2 )
WT(CN)N-I =g 2 2
R sin 2
ma: 2
- -2
g N—~1_]L
| 5y pr | sine@—2-—)
W, (e¥)y = £ LI = (5.21)
N-1 sin—
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Vay: Ar(e®)y =

N-1
W) =-———.
(o) ) )

CAU HOI VA BAI TAP
Bai 1:

(5.22)

Bap (g tén 55 clia b3 loc FIR pha tuyén tinh H(e™) = (™)) co ase

diém gi?
Bai 2;
Hay ching minh biéu thite sau:
N-t

H(ej“')= ioa(n)cosmn e

N-1
2

& dép (ing tén s& cda trudng hop FIR foai 1.
Bai 3:
Hay chirng minh bidu thite sau:
N
o | 2 1| -t
He*) = )E b{n)cosa(n-—) |e 2
n=0 2

la dap (ng tan sé cda trudng hdp FIR loai 2.
8Bai 4:
Hay chitng minh bidu thirc sau:
o (2N
. ) Sz N-1g)
He'*) = )E e{nisinon (e 2 2
n=1
la dap (ng tan s8 ciia trudng hap FIR loai 3.
Bai 5:
Hay ching minh bidu thire sau;
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o | % 1 | -t
He™') = 2): din)sino(n-—) [e ~2 2
n=1 z
14 dap Ung tén 6 clia trudng hop FIR loai 4.
Bai 6:
Cho h(n) d8i xtng N =7

1 1
h{n) ={—-—.0.1.5.1.0,~——}
2 2

h(n}=0
Hay biéu dién h(n) bing g8 thi va tim A(e®).
Bai 7:
Cho h{n) d8i xtmg N =6

1 1
h{n)=<--.0,3,3,1,~—
w={-30s31-1)

h(n)=0
Hay biéu dién h(n} bang d& thi va tim A(e™).
Bai 8:
Cho h{n) phan ddi xing N =7

1 1
h{n} = {——.—1.—2.0.2,1—}
2 2

h{n) =0
Hay biéu dign h{n) bang a3 thi va tim A{e').
Bai 9:
Cho h(n} phan d5i xing N =6

h(n)={—1,—1,—2, 2,1-1-}
2 2]

h(n)=0
Hay biu dién h{n} bang d3 thj va tim Ae™).
Bai 10:
May chitng minh rang:

N

N-1 sin >
1+ )2_" 2cos(on} = 2
n=1 )]

sin—
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Chuong 6

~ TONG HQP CAC BO LOC SO
CO PAP UNG XUNG CHIEU DAIVO HAN

6.1. M6 DAU

Chuong 5 da trinh bay khdi quét vé loc s6; bo loc s6; cdc budc téng
hop bo loc s8 FIR; cdc dac trung va ddp tng chia FIR pha tuyén tinh; mot
50 phuo’ng phép tdng hop bo loc s6 FIR. Trong chuong ndy chiing ta tim
hiéu vé bo loc s6 dap Uing xung chiéu dai vé han (b6 loc s6 IIR) va céc
phuong phép téng hop bo loc sé [IR.

Tdng hop bd loc s6 IR 1 tim ra cdc hé s8 ctia bd loc s6 IR sao cho
théa mén cdc chi tiéu k¥ thuat clia b6 loc & mién tén s6 lién tuc 12 §,, 8,,
s, @p. Cdc phuong phdp tong hgp b6 loc s6 IR duge chia lam 2 loai:

— Phuong phdp chuyén tir thiét k€ bo loc tuong ty sang bd loc sg, ¢o
nghia la téng hop bo loc tuong tu trude sau d6 chuyén ddi twong duong tir
wong ty sang s& dé thu duge bo loc s6. '

~ Phuong phdp sir dung mdy tinh, tim ra cdc tha tuc t6i uu héa dé
thay the b loc bang mat bd loc khic ¢é cac chi tidu x4p xi vdi sai 56 tai
thiéu.

Phitong phdp thit nhéat wu diém 1a don gian, dé chinh xdc chdp nhan
dugc nén né duge sir dung rat rong rii, do vy trong chuong nay ta chi tﬁp
trung vao phuong phip nay.

6.2. PHUONG PHAP CHUYEN TU BO LOC TUONG Tif SANG BO LOC SO

6.2.1. M3 diu

Vigc thiét k€ bo loc s6 IIR theo phuong phap chuyén tir bg loc tuong
tu sang b loc s6 gém cé 2 budc: .

— Budc 1: thiét k&€ bo loc tuong tu, tic 1a cén ci vao cdc chi tieu k¥
thuat & mién tdn s6 lién tuc 14 §,, 8,, ©s vd ©, d€ tim ra ham truyén dat
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cha by loc twong tu H(s). Cdc b loc tuong ty dd duge nghién ciu k¥
trong k¥ thuat tuong ty, trong phdn 6.3 sé trinh by mét cach van tit viéc
thi€t k&€ mot s bd loc tuong tu thong thép co ban.

— Butde 2: chuyén tir ham truyén dat H(s) clia b6 loc tuong tu thanh
ham truyén dat H(Z) ctia bo loc s6.

Cé 4 phuong phap chuyén déi tir hé thdng tuong tu sang hé thong s6
s€ dugc dé cap la:

— Phuong phdp bat bién xung;

— Phuong phép bién déi song tuyén;

~ Phuong phép tuong duong vi phan;

— Phuong phép bién déi z tuong tng.

6.2.2. Nhic lai vé hé théng tuong tu
Hé théng twong tu biéu dién téng quat nhu sau:

Tin hiéu vao x{t) Tin hidu ra y{t)

h{t)

Hinh 6.1. Hé th3ng tuang ty
Trong do: — x(t) Ia tin hiéu vao, con duge goi 12 kich thich;
~ y(t) 1a tin hiéu ra, cdn duge goi 1a dap ung,
y(t) = h(t) *x(1); 6.1)
— h(t) 1a ddp Ung xung cia h¢ thong, chinh 12 ddp ng cha hé thong
khi cé kich thich 1a xung nhay don vi u(t): h(t) = y(t)l, .

Trong mién thdi gian hé théng twong tv dugc mo tA bing phwong
trinh vi phan téng quat: '

o dij[(it) L0

i=0 =0 dt’

(6.2)
Trong d6 a;, b, 1a cic hé s8 thyc hodc phiic.
Viéc gidi phuong trinh vi phan niy thudng phic tap nén ngudi ta
thudng sir dung phép bién ddi Laplace d€ chuyén tir phuong trinh vi phan
thanh phuong trinh dai s6. Bién déi Laplace 2 v€ ctia (6.1) ta thu duogc:

gai.si.Y(s) =ibj.s".X(s)

=0

126



N _ M _
Hay Y(s)2 a5 =X(s).> b, (6.3)
i=0) j=ir
Trong d6: — s la todn tir Laplace, s=p + jo;
— X(s) 12 anh Laplace cia x(t), X(s) = LT [x(1)] ;
—Y(s) 14 dnh Laplace cia y(1), Y(s) = LT [y(1)] ;
Tl (6.3) ta ¢6:

M
ij.sj
X(s) %= '
S ) (6.4)
Y(S) Z i :
a.s
. i=(
H(s) dugc goi 1a ham truyén dat cha he¢ thong trong mién s.
Sau khi rit gon, cdc nghiém cta da thic méu s6 clia H(s) duge goi 1a
cdc diém cyc cha hé théng, cdc nghi¢m cua da thic tir s6 ctia H(s) duge
goi 12 cdc di€m khéng ciia hé thong.

H(s)

6.2.3. Phuong phap bat bién xung
Co s6 cta phuong phap nay 13 14y méu ddp dng xung h(n) cla bs loc
tuong ty thanh h(nT,) 15i chudn hod bdi chu ky 14y miu T, dé thu dugc
h(n). Nhu vay hinh dang cta h(n) va h(t) 12 nhu nhau, chi khdc & chd h(t)
1a lién tuc con h(n) 1 rdi rac. '
Gia sir ham truyén dat H(s) ctia bo loc twong tw duge biéu dién & dang:

H(s)- > A
ka1 58, (6.3)
Trong do: — 8, 1a cdc di€m cuc don clia H(s);
~ Céc h¢ s6 A, dugce xdc dinh theo cong thic:
A, =(s—spk )H(s) loee, ' (6.6)

Ngudi ta chitng minh duge cong thiic xdc dinh ham fruyén dat H(z)
cua bo loc s6 tuong tng 1a: :

N
A
H(z)=) —2c .
(2)=2 == 6.7)

Trong d6 T, la tdn 56 14y méu, A, 12 cic hé s6 x4c dinh theo (6.6) va
Sp 18 cdc cuc don ctia H(s).
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Vi du: Cho bo loc tuong tu ¢ ham truyén dat:

2
H(s) = ————
(s) (s+1)(s+3)
Hay xé4c dinh ham truyén dat cia b loc s6 twong tng bang phuong
phéap bat bién xung.
Bai gidi:
- H(s)c62 diém cuc 12 s, =—1 vd s, =—3. Ta phan tich H(s) v€ dang (6.5).
H(s)= b+ 22
(s+1) (s+3)

Ap dung cong thitc (6.6) ta cé:

2
A= ——1_ .=
i =(+1) (s+1){s+3) " !
A, =(s43)——a_=-1
2 (s+1)(s+3) "
Ap dung céng thitc (6.7) ta c6:
o 2, A 1 -1
H(z)= S
(z) ; l—e*bs? l-e s + ] gl

Thu gon ta dugc:
(e—'r, _e-3T, ).S-l

e’ b et ).s" +ets

-2

H(z)=lw(

6.2.4. Phuong phap bién ddi song tuyén

Phuong phép bién d8i song tuyén cho phép ta thu dugc ham truyén
dat H(z) cha bd loc s& tir ham truyén dat H(s) cGa bg loc tuong tu bang
cdch thay:

_21- z
T 14z (6.8)

Tuy nhién khi 4p dung phuong phdp nay ¢dn Iuu ¢ dén quan hé phi
tuyén giita tdn & trén mit phing s va tdn s6 trén mat phing Z:

2 o
w, —-'f;'.th (6.9)
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Trong d6 w, 1a tdn s6 tuong ung trén mat phing s (dp dung cho b6 loc
tuong tu), @ la tdn s6 trén mit phang Z (dp dung cho bé loc s6).

Vi vay khi dp dung phuong phdp bién déi song tuyén dé thiet k& bo
loc s6 TIR ta cén phai thuc hién 3 budce sau:

— Chuyén déi cdc chi tiéu tdn s6 o4 va o, sang gia tri méi 5 va o,
theo cong thirc (9);

— Téng hop bo loc tuong ty (thc 1a tim H(s)) theo cac chi tieu 3,, 8,
W,s VA O,p; |

— Xdc dinh ham truyén dat H(z) clia bo loc s& tuong dng bang cich
ap dung cong thitc (6.8),

Vidy: Cho b6 loc tuong tu cé ham truyén dat:

_ 2
H(S)‘(s+1)(5+3)

Hay xdc dinh ham truyén dat clia bo loc s& tuong ng bing phuong
phap bién ddi song tuyén.

Bai gidai:

Ap dung cong thitc (6.8) ta cé:
2

2 1-z" 2 1-z7"
ot e +3
T, 1+z T, 1+z

T,+T.2"
4-+8T, +3T7 )+ (6T -8) 2" +(3T? - 8T, +4) 22

H(z)=

Thu gon ta dugc:

H(z)=(

6.2.5. Phuong phap tuong dudng vi phan

Bing cdch so sanh dinh nghia vi phan va bién déi Laplace trong xir Iy
tin hi¢u tuong ty vdi dinh nghia sai phan va bién déi Z trong xir 1y s6 tin
hiéu ngudi ta nhan thdy rang ham truyén dat cia mot bod loc s IIR H(z)
hoan toan ¢4 thé nhén dugc tryc tiép tir ham truyén dat ctia b6 loc tuong
tu H(s) bang cdch déi bién s6 theo cong thifc: :

1-z1
§= T (6.10)

129



Phuong phdp nay dugc goi la phucrig phap tuong duong vi phan.
Vi du: Cho bd loc tuong tu ¢6 ham truyén dat:
H(s) =7

~(5+1)(s+3)

Hiy xdc dinh ham truyén dat clia b loc s6 tuong ung bing phuong
phép twong duong vi phan.

Bai gidi: ,

Ap dung biéu thic (6.10) ta c6 H(z) nhu sau:

O

Z): _ 2T5
(1+T,)(1+3T,)- (4T, +2) 2" +2~

Bién déi ta duc_Tc:.

H(

6.2.6. Phuong phap bién ddi Z tuong ung

Phuong phdp nay tueng tr phuong phdp bét bién xung, tic 1a chuyén
déi truc ti€p cic di€m cyc va diém khong ctia ham truyén dat H(s) cla b
loc tuong ty trén miat phing s thanh cdc diém cyuc va diém khong ca ham
truyén dat H(z) clia b loc s6 trén mat phing z.

Gia st ham truyén dat cha bo loc trong tu ¢6 dang:

T1(s-3,)

H(s)=CLHL— (6.11)

H(S"Spi)

i=1
trong d6 s, 1a cdc diém khéng va s, la céc diém cuc cha bo loc tuong tu.
Thi chiing ta thu dugc ham truyén dat H(z) ctia bé loc s6 tuong tng la:

M

H(I —eh )

H(z)=C% | 6.12)

H(l—es"‘T' .z"‘)

Vi T, 1a chu k¥ 18y méu tin hiéu,
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So sanh (6.11) va (6.12) ta thdy ring méi phén tlr (s — a) cta H(s)
dugc dnh xa thanh phén tir (1 - e*™.z™') trong H(z). D6 chinh 12 noi dung
cua phuong phép bién déi z tuwong ting.

- Vidy: Cho b6 loc tuong ty ¢6 ham truyén dat:
2

(s+1)(s+3)

Hay x4c dinh ham truyén dat ciia bo loc s§ tuong tng béng phuong
phdp bi€n déi z thich tng.
Bai giai.

H(s)=

Ap dung bidu thitc (6.12) ta c6 H(z) nhu sau |

1

H{z)=2 '
2) (1 —e .z )(l—e‘”' .z")

Khai trién va thu gon ta dugc:

2

1- (e‘T' +e7% ).z" +e™h 772

H(z)=

6.3. TONG HOP CAC BO LOC TUONG TY THONG THAP

6.3.1. B3 loc tuong ty Butterworth

a) Dinh nghia
B6 loc tuong tu Butterworth ¢é ddp tng tdn s& chudn héa l1a:

1
H(o)=——— 6
| ( )| m (6.13)
Trong d6 n duge goi 1a bac clia bd loc, n cang 16n thi bo loc cang gin
véi bo loc 1y tudng.
b) Tong hop bé loc théng thép tuong tu Butterworth
* Xac dinh bac ciua bd loc:
Bic clia bo loc 12 s6 nguyén duong théa mén diéu kién:
I e
0> 8, .4f28,
lgo, -lgw,

.Ig
(6.14)
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* Tinh tdn s6 cit:
©

©, = :
C 1

_ 1 , 6.15
[(1-8,)" 1] ©1
* Xdc dinh ham truyén dat H(s)

H(l
" ) 616

k=1

Trong d6 H,, s, dugc xdc dinh nhu sau:

Y - KJ . (D
+ Theo tin sO chuan hoéa —

(01.'
Hy= 1
; 2k-1 ’
mo=—=|véik=0,1,...,
i, = [2 2n]v i .n
+ Theo tdn s6 khéng chuin héa
H, =o;
1 2k~ .
i)+ viik=0,1,...,n
Sy =O,€ (250

Vidu:
Cho cdc chi tiéu k¥ thuat cha bd loc thong thdp nhu sau:
8,=8,=0,1; 0g=0,2]1 va w, = 0,11}

Hiy téng hgp b lgc s6 thong thap tir bo loc twong tu thong thap
Butterworth bing phuong phdp bién déi song tuyén.

Bai gidi:
Buéc 1: Xac dinh lai cdc chi tiéu tdn s6 theo cong thic (6.9):
0, == 1g2
T °2
2
®,, = ;f;-.tg?
Chu#n héa bing tdn s6 14y miu F, ta cé:
o, =218 0’3“ ~ 0,64984
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o, = 2.tg0;;1—_1— ~(,31677

Buge 2: Téng hop bo loc Butterworth

— Xdc dinh bac cia bo loc: theo cong thirc (6.14)
Ig ! i :

o 028 g0,1.\12.0,1 B

= = =4,33
lgo, -lgo, | 0,64984
0,31677
Viay ta chonn = 5.
— Tinh tan s& cat;
W
O, = i = 0,31677 —=10,56576

1 L
[(1-8)7-1]" [(1-0)” -1
— Xd4c dinh H, va cdc diém cuc cha H(s):
H, =o! =0,56576" = 0,05796

5, = coc.ej“[%ﬁ; ) _o.56576 76 %)
=0, 56576.6:]“[%)
0 =0,56576.6F
5, =0.56576 5
5, =0,56576.¢' 5 =-0,56576
50 =0.56576¢"5 ="
5, =0,565766° ="
- Xac dinh ham truyén dat H(s).
Ap dung céng thitc (6.16) ta c6:

Hg) = 7
!:{[S—Spk] L}IS—S}_“)

p2

0.05%%6
k] | OI1 AT
(s—o,smsﬁ J.(s—o,m’? J.(s+o,56576){s-0,565?65 ].[s-0,56576e‘? J
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Thu gon ta dugc:
0,05796

H(s)=
() (s+0,56576)(s* —1,1304s+0,32)(s” - 1,1309s +0,32)

Bueée 3: Tim ham truyén dat H(Z) cua bd loc s6

Vi céc tin s& cla bo loc dd dugc chudn héa bdi tin s6 1dy méiu nén
khi 4p dung phuong phdp bign ddi song tuyén ta ciing chudn héa s boi tin
$6 14y mau nhu sau:

2 i-z°
s=—.

T 1+z"

Chudn héa bdi FS ta dugc

Tir

2 1-z" 1-z"
=, —=2 —
1 1+2 1+z
Thay vao H(s) @ trén ta tim duge H(Z):
0,05796

H(Z)=

- ey i Lty ot
2077 osess ||| 205 | —nsmalotovom 2128 | Sns002 05 w0032
1+z 1+z 1 1+2 1

- +z +z

Pén day ban doc ty bién déi dé thu gon H(Z).

6.3.2. Bo loc tuong ti Chebyshev

a) Bé loc tuong tu Chebyshev logi 1

* Dinh nghia: B6 loc tuong ty Chebyshev loai 1 1a bo loc ¢ dédp iing
bién do gon séng & dai thong va gidm don diéu § dai chan.

Dép ting bién d¢ ciia bo loc tuong tr Chebyshev loai 1 la:

1
H(o)|= —=—

l ( )l 1+ €T (o) : (6.17)

Trong dé:

— T 14 k¥ hiéu ctia da thitc Chebyshev.

— ¢ 12 tham s& xdc dinh bién dé gon séng & dai thong, né c6 quan hé
véi §, theo cong thic:

' 1

J1+g?

* T8ng hgp bo loc tuong tu Chebyshev loai 1:

=1-3,
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— Xdc dinh bac ctia bd loc: n Ia s6 nguyén duong thda man diéu kién:

n: - (6.18)

trong d6 A, = 3,.
— Xéc dinh ham truyén dat H(s):

H(S):ni*‘

H(S_Spk)

(6.19)

1 n
Trong dé; H, = \m—;z—g(—sﬁ) (6.20)

Se =R, sinu, +jR, cosu, (6.21)
. 2n '
. - -1
Yy Y+y :
R = : R, = )
= = | (6.23)
1
1+y1+€? |"
Y= e (6.24)

b) B loc twong tu Chebyshev loai 2
* Dinh nghia: B loc twong tu Chebyshev loai 2 1a bo lgc ¢6 dédp tng
bién d¢ gon sang & dai chin va gidm don diéu & dai thong,
1
[Fie) =

- =2

l+,s

(6.25)
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Trong dé:
— T 1a ky hiéu ctia da thitc Chebyshev;

— ¢ la tham s6, n6é ¢6 quan hé véi §, theo cong thic.

1

J1+¢g?

* Téng hop bo loc twong ty Chebyshev loai 2:

=1-8,

— X4c dinh bac clia bd loc: n 1a s6 nguyén duong théa mén diéu kién:

J%—I %—1
: -1

5
EZ

trong d6 A, = 9,.
— X4c dinh ham truyén dat H(s):

H(S)=_[ig___

Trong doé: _
l n
H,= -8
o 16w)
sx =R, sinu, +JR, cosu,
véi:

(6.26)

(6.27)

(6.28)

(6.29)

(6.30)

{6.31)

(6.32)



6.4. BIEN BOI TAN $6 .

Trong phan 6.3 chiing ta da nghién ctu phuong phép 1dng hop b6 loc
thong thip tuong ty, tir d6 thong qua céc phuong phip bi€n déi & phdn 6.2
ta s€ thu duge cdc bo loc s6 thong thap. Tuy nhién trong thuc t€ con cé
yéu cau téng hop cdc bo loc s6 thong cao, thong ddi, chan dai. D& giai
quyet cdc yéu cdu dé, trong phin nay ching ta s& nghién citu cic phuong
phdp bi€n déi tir bo loc thong thdp thanh cic b6 loc thong thap, thong
cao, thong dai, chan dai. Cic phép bien déi nay cho phép chiing ta téng
hop duge bd loc s8 bat ky bing 2 con dudmg: .

L. Thi€t k& bé loc tuong tu thong thap trude, san dé chuyén né thanh
b% loc tuong tu thong cao/théng dai hay chin dai tuy theo yéu cdu bing
vige bién déi tdn s& trong mién twong ty. Cusi cung thuc hi¢n bién déi bo
loc wong tu nay thanh bé loc s6 cin tim bing cdch dp dung 1 trong 4
phuong phdp bi€n déi tuong ty sang s6 nhir 3 trinh bay trong phan 6.2.

2. Thiét k& bo loc tuong ty thong thdp trudce, sau dé chuyén né thanh
b6 loc s& thong thép bang cdch dp dung 1 trong 4 phuong phip bién déi
tuong tu sang s6 nhu da trinh bay trong phén 6.2. Cudi cung thyc hién
bi€n ddi bo loc s6 thong thdp nay thanh bo loc s6 cin tim (théng -
thdp/thong caofthong dai hay chin dai) ty theo yéu ciu bing viéc bién
doi tdn s6 trong mién sé.

6.4.1. Bi€n d&i tn s& trong mién tuong ty

Gid s ta dd ¢6 bd loc trong tu thong thap v6i ham truyén dat 13 H(s).
Dé thu dugc céc bo loc tuong tu khic ta sé thuc hién béng cdch bién déi
tir bi€n s cta H(s) thanh bién s' cia H(s'), H(s') — la ham truyén dat ciia
bd loc tuong tu mong mudn.

a) Bién déi théng thdp - théng thip

Gia sir ta da c6 bo loc thong thap cé tdn s6 cét 1a ®, v ham truyén
dat 1a H(s). Bay git ta cdn chuyén né thanh b loc thong thap véi tin s6
cat 1a . va ham truyén dat 12 truyén H(s"). Khi d6 ta dung phép bién
déi sau:

s=Ai.s (6.33)

Trong d6 A 12 hing 6, A = 0/ .

Néu bg loc thong thap ban ddu da dugc thiét k& theo tdn s6 cit chuin
héa (e, = 1) thi phép bi¢n déi tdn s& dugc thyc hién véi A = lo,'.
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Ta thu dugc ham truyén dat cla bd loc thong thip mdi la:
H(s') = H(s)| i

b) Bién ddi théng thép - théng cao
Gia sit ta 43 c6 bo loc thong thdp ¢6 tin s6 cit 1 ©, vd ham truyén
. dat 1a H(s). Bay gid ta cdn chuyén né thanh bo loc thong cao véi tan s6
cét 1a o, va ham truyén dat 13 truyén H(s'). Khi d6 ta dung phép bién
déi sau:

(6.34)

s = Afs' (6.35)
Trong dé A 12 hing s6, A = @0, .
Néu bo loc thong thip di dugc thi€t k€ theo tdn s6 cat chudn héa
(w.=1) thi phép bien déi tin s6 duge thyc hién véi A = o,
Ta thu duogc ham truyén dat ctia b loc thong cao la:

H(s')=H(s)| , | (6.36)

SE—

3

¢) Bién déi thong thdp — thong dai

Gia sir ta da c6 bo loc thong thip ¢ tin s8 cét 1a @, va ham truyen
dat 1a H(s). Bay gi& ta cdn chuyén né thanh bo loc thong dai vdi tan s6
cit dudi 12 ®',, tin s& cit trén 1a ©./, vd ham truyén dat la truyén H(s").
Khi d6 ta ding phép bi&n déi sau:
sv2+m|“ .(D-cz
S' (mlc2_mlcl)

Né&u bo loc thong thap di dugc thiét k€ theo tdn s6 cit chuén héa
(o, = 1) thi phép bi€n ddi tdn s6 dugc thuc hién theo cong thirc sau:

s=f{s')=0, (6.37)

12 t !
s=1(s") = ——u P (6.38)
SI (w'd-—m'cl)

Ta thu dugc ham truyén dat cta bo loc thong dai la:

H(s") = H(5)| i (6.39)

d) Bién doi théng thdp - chdn ddi
Gi4 sif ta di c6 bo loc thong thap c6 tin s6 cét 1a o, vh ham truyén
dat 1a H(s). Bay gi¥ ta cdn chuyén né thanh bg loc chén dai v6i tdn s cat
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dudi 1a o', t4n s6 cdt 1én 1a @', va ham truyén dat 1a truyén H(s"). Khi
dé ta diing phép bién déi sau:

()0 t0m0)

e (6.40)
s“to', .0,

Néu bo loc théng thap da duge thiét k€ theo tdn s6 cit chudn héa (o,=1)
thi phép bién ddi tan s§ ducgc thuc hién theo cong thifc sau:
SI'(m'CZ_m'c] )

S=f(SI)=m (641)
cl Y g2

Ta thu duge ham truyén dat ctia bo loc chén dai 13-
H(s')=H(s)| ..., (6.42)

6.4.2. Bién dbi t4n s& trong mién s&

Gid sir ta dd 6 b6 loc 58 thong thap véi ham truyén dat la H(Z). Dé
thu duge cdc bo loc s§ khéc ta sé thyc hién bing cdch bién déi tir bién Z,
ctia H(Z) thanh bién Z' ctia H(Z"), H(Z') - 14 ham truyén dat ctia b loc s6
mong mudn.

a) Bién dé6i théng thdp ~ théng thdp

Gia sir ta da c6 bg loc s6 thong thdp c6 tdn s6 cdt 13 @, va ham truyén
dat 1a H(Z). Bay gio ta cdn chuyén né thanh b loc s& thong thdp véi tin
36 cat 1a @,' va ham truyén dat 13 truyén H(Z'). Khi d6 ta dung phép bién
dét sau:

' -t
zt=f(z) = (6.43)
Véi
sirl[mc —2m < .Ts)
o = — — (6.44)
sin[ . 5 °.TSJ .

Néu tan s6 dugc chudn héa theo tin 56 14y miu F (Fg= 1) thi phép
bi€n d6i tdn s6 duge thuc hién véi:
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sin
2
Ta thu duge:
H(Z'}=H(Z) rufe) (6.46)

b) Bién dé6i théng thdp - théng cao

Gia st ta dd ¢6 bo loc s& thong thap cé tdn s& cét 1a o, va ham truyén
dat 1a H(Z). Bay gid ta c4dn chuyén né thanh bd loc s8 thong cao vdi tin
s6 cét 13 . va ham truyén dat [ truyén H(Z'). Khi d6 ta ding phép bién
doi sau:

: Z7'-a
7' =f{Z2"" )= ——— 6.47
( ) l_azv—l ( )
Véi
005[95—;03 £ .TS]
o= - _ (6.48)
W -+
cos( . > . .TS]

Néu tdn s& duoc chuidn héa theo tdn s6 18y mau Fg(Fg= 1) thi phép
bién déi tan s6 duge thuc hién véi:

0, -0
cos
5

o= - (6.49)
0, +0',
CO5
[*5%)
Ta thu dugc:
H(Z')=H(Z) 2ifz) (6.50)

¢) Bién déi théng thdp - théng ddi
Gia sir ta d ¢6 bd loc s6 théng thip c6 tdn s6 cit 13 @, v ham truyén
dat 1a H(Z). Bay gi&s ta cdn chuyén né thanh bo loc s¢ thong dai véi tin sO
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cat dudi 12 w,,', tdn s6 cit trén 12 o, vd ham truyén dat 12 truyén H(Z)).
Khi dé6 ta dung phép bi€n déi tdn s6 cho b&i cong thie:
(6.51)

Z“’=f(Z"')=— k+1 k+1
1_ 2ak Z|_]+k‘_l Z|_2

k+1 - k+1°

g2 20k 0 k-1

Véi

T (6.52)
cos[god—;mﬂ.TsJ

O =

. o o (6.53)
k=tg[?°Ts).cotg[——°32—°'.Ts]

Néu tdn s6 dugc chudn héa theo tdn s6 18y miu Fg(Fg= 1) thi phép
bién déi tdn 58 duoe thuc hién véi

1 t
cOS w c2+m cl
2

- - (6.54)

© ;:2_0) cl

Cos| ——=
( 2 )

' | | (6.55)
k= tg(-@u‘ij.cotg[—»—m 2= 2 }
2 2 '

Tathuduge: H(Z')=H(Z)

=

iz (6.56)

d) Bién dé6i théng thép - chdn ddi

Gid sir ta dd c6 bo loc s8 thong thdp c6 tdn s6 cit 1a . va ham truyén
dat 1a H(Z). Bay gi® ta cdn chuyén né thanh bé loc s6 chin dai véi tdn s6
cét dudi 1a o', tdn s cit trén 13 o', vd ham truyén dat 13 truyén H(Z).
Khi dé ta dung phép bién déi tdn s6 cho bdi cong thic:

.-z_szlz.-l+1;l;

-l — = — 6.57

z' =£(z"") TR (6.57)
Z z

1- +
k+1 1+k
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Véi
COS[M_TSJ
_ 2

a_ L) L]
cos m;rs}
2 R

k =tg[a;“ TSJ.tg(%.TSJ (6.59)

Né&u tin s6 dugc chudn héa theo tdn s8 14y miu Fy(F = 1) thi phép
bi€n déi tdn s6 duge thyc hién véi |

cos ® 02+m el
_ 2

(6.58)

o= (m'd—m'c, ] (6.60)
cos} —=—=«1
2
W o' ,-o
k=tg| —= | tog] —<2 €L 6.61
lg[ 5 }tg[ 5 ] (6.61)
Ta thu dugc:
H(Z')=H( z-i{z) (6.62)

CAU HOI VA BAI TAP
Bai 1:
Xac dinh |H(e"°)1 va o(w) clia bd loc 6 IIR ¢é phudng trinh sai phan ta:

y{n) + 2y(n—1) = x(n) — x(n-1)
Bai 2:
Cho bb loc tuong ty ¢ ham truyén dat la:

0 e

Hay tim ham truyén dat H(z) va v& sd 46 thuc hién bd loc s6 tuong Erng_béng
phuong phap bat bién xung.

Baij 3:

Cho bd loc tuong ty c6 ham truyén dat 1a:

H(s)- (s+1)(s+2)

142



Hay tim ham truyén dat H(z) va v& so dd thuc hién bd loc sé tuong (ing bang
phuong phap bat bién xung.

Bai 4:
Cho bd loc tuong tif ¢6 ham truyén dat la:
s+2
H(s)=
(s + 2) +9
Hay tim ham truyén dat H(z) va vé s dd thuc hién bd foc s6 tuong ng bang
phudng phap bién di song tuyén.
Bai 5:
Cho b loc tuong tu ¢d ham truyén dat la:

s+2
O e

Hay tim ham truyén dat H(z) va vé sa dd thire hién bd loc s6 tuang ng bang
phusng phap bat bién xung.

Bai 6;
Cho bd loc tuong tur ¢6 ham truyén dat la:
s(s 1)
H
()= (+1)(s-2)(s+3)

Hay tim ham truyén dat H(z) va v& so d3 thuc hién bé loc s8 tuang Ung bing
phuong phap bién ddi z tuong Ung.

Baj 7:
Cho bé loc tuong tu ¢ ham truyén dat:

2
Hls)=———
( ) (5—1)(54-3)
Hay xac ham truyén dat va v& so dd thuc hién bd loc sd tuong ing béng
phuong phap tugng duong vi phan.

Bai 8:
Cho mach loc théng thap tuong tif sau;
R

Uuso - C u,, (hd mach)
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Hay chuyén né thanh mach s8 bang phuang phap bat bién xung.
Bai 9:
Cho mach loc théng cao tugng ty sau:

C
|l
© ]

o

W0 R _ u,, (hé mach)

O O

Hay chuyén nd thanh mach s béng phuong phap tudng ducng vi phan.
Bai 10:
Cho mach dién tudng tu sau:

S0 e
o~ +—{—— 0
l [] i - Cz o
Uao _— u,, (hd mach)
O O

Hay chuyén né thanh mach s& bing phuong phap bién d8i z tuang ing.
Bai 11:
Cho céac chi tiéu k¥ thuat cla bé loc s thong thdp nhu sau;
8,=8,=01, 0s=02rva 0w, =0,1n
Hay t3ng hap bd loc s6 théng thap tir bé toc tuong ty thdng thdp Butterworth
bang phuong phap bién ddi Z tugng tng.
Bai 12:
Cho cac chi tiéu k¥ thuat cda bd loc s§ théng thap nhu sau:
828,70 wg=02avaw=0,1n
Hay tdng hdp bd loc s& théng thap tir bd loc tuong tu théng thdp Butterworth
bé&ng phuong phap tuong dudng vi phan,
Bai 13:
Cho céc chi tidu k¥ thuat cGa b loc s6 théng thap nhu sau:
§,=8,=0,105=02xva wp=0,1x
Hay t8ng hdp bd loc s& théng thép tir bd loc tuang ty thdng thap Butterworth
béing phudng phap bét bién xung.
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Bai 14:
Cho cac chi tigu ky thuat ciia b loc s8 théng thap nhu sau:
8;=8,=0,1; 0g = 0.2n va o, = 0,1z
Hay tdng hdp bd loc s& théng cao tif bo loc tugng tu thang thip Butterworth
bdng phuang phap bién ddi song tuyén va phugng phap bi€n ddi tan sé trong
mién tudng tu. B
Bai 15:
Cho céc chi tiéu ky thuat cha bd loc s6 thang thap nhu sau:
8,=8,=0,1, 05 =0.2n va wp = 0,11
Hay tng hop bd loc 3 thang cao tir b loc tuong ty thong thdp Butterworth bing
phutong phap bién di song tuyén va phuong phép bi€n ddi tan s6 trong mién s6.
Bai 16; -
Cho céc chi tiéu ky thuat clia bd loc s& théng th&p nhu sau:
8,=8,=0,1; wg = 0,57 va w, = 0,2n
Hay tdng hop bd loc s8 théng thap t b loc tuong tyt théng thdp Chebyshev
loai 1 bang phudng phap bign dj song tuyén.
Bai 17:
Cho céac chi tigu ky thuat cba bo loe s8 théng thap nhu sau:
$=8,=0,1, 0= 0,2nva wp = 0,11
Hay tdng hop bd loc s6 théng thap tir b loc tuang ty thong thap Chebyshev
foal 2 bang phueng phap tusng dudng vi phan.
Bai 18: '
Cho cac chi tiéu ky thuat clia bd loc s8 théng thap nhu sau:
8,78, 0,1, 05 =0,3n va 0, =0,1x
Hay t6ng hop bd loc s8 théng thap tir b loc tudng tuy théng thap Chebyshev
loai 1 béing phuong phap bat bign xung.
Bai 19:
Cho céc chi tiéu ky thuat cla bd loc théng th&p nhu sau:
8,=8,=0,1; g = 0,37 v o = 0,11
Hay téng hdp bd loc s6 théng cao tir bé loc tudng tu théng thip Chebyshev
loai 1 bang phuong phap bién ddi song tuyén va phuong phap bign ddi t4n s6 trong
mién tuong tu,
Bai 20:
Cho cac chi tiéu k¥ thuat cla bd loc thdng thap nhu sau:
$,28,=01,0:=04nvaw, =0,2n
Hay téng hgp bd loc- s§ théng cao tir b loc tuong tu théng thap

Chebyshev loai 2 bng phuong phap bién di song tuyén va phuang phéap bign
ddi tAn s& trong mién sé.
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Bai 21: .
Cho mach loc tuyong tu théng thap nhu hinh sau:

L, L Lo
. 4118 AN P ——
c, == c, /] c, ==
vai:
C, =2sin (Zk_”n}
L 2n

L, = 2sin[[2k -1 z]
2

n

Hay tim ham truyén dat H(s) va chuyén thanh mach s& bang phuong phép bién
ddi song tuyén.
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