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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




HOC VIEN CONG NGHE BWU CHINH VIEN THONG

BAI GIANG MON

ENH TINHIEU S

_HOC VIEN CONG NGHE BUU

Giang vién: Ng6 Thu Trang

E-mail: ntttrang@ptit.edu.vn
Bo mon: Thong tin quang - Khoa VT1

Hoc ky: |/ 2009-2010



GIOI THIEU MON HOC

» Thoi lwong moén hoc:
= ADVHT (48LT + 2KT + 10TH)
» M& hoc phan: 411GKS360
«* Muc tiéu:
= Nam dwoc kién thiec co ban ve tin hiéu; cach thiec tin hiéu s6 dwoc
ghép kénh va truyen di trong mang; va cac giai phap bao vé cua
mang dé duy tri két noi
* NOI dung:
= Chwong 1: Mot sO khai niém co ban trong truyén dan tin hiéu
* Chuwong 2: Ghéep kénh PCM, PDH va SDH
= Chwong 3: Cac giai phap duy tri mang
= Chwong 4: Cac phwong thire truyén tai soé liéu

.0




GIOI THIEU MON HOC

¢ Tai liéu tham khao:

Cao Phan, Cao Hong Son, Ghép kénh PDH va SDH, Bai giang
HVCNBCVT

Bui Trung Hiéu, Hé thong truyén dan déng bo so SDH, NXB Bwu
dién, 2001

P. Tomsu, C. Schmutzer, Next Generation Optical Networks,
Prentice Hall, 2002

Stefano Begni, Synchronization of Digital Telecommunications
Network, John Wiley&Sons, 2002

EURESCOM Project P918, Integration of IP over Optical Networks:
Networking and Management, Deliverable 1, 2, 3, 2000

ITU-T Recommendation G.7041/Y.1303, Generic Framing
Procedure, 2002

ITU-T Recommendation G.707/Y.1322, Network Node Interface for
SDH, 2002




GIOI THIEU MON HOC

¢ Tai lieu tham khao:
= |TU-T Recommendation G.7042/Y.1305, Link Capacity Adjustment
Scheme (LCAS) for Virtual Concatenated Signals, 2001

= |TU-T Recommendation X.85/Y.1321, IP over SDH using LAPS,
2000

= |TU-T Recommendation X.86, Ethernet over LAPS, 2001
% Danh gia:

= Chuyén can: 10%

= Kiém tra: 10%

= Thwc hanh: 20%
= Thi két thic: 60%
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NHAP MON GHEP KENH TiN HIEU SO

s Khai niém ghep kénh (Multiplexing)
= Thuat nglr “ghép kénh: chi qua trinh két hop hay t6 hop nhiéu tin hiéu I0i
vao (co toc doé bit thap) tao nén maot tin hiéu 161 ra (c6 toc do bit cao hon)
= Dieu kién don kénh: Tai mét thoi diém, mai trvdng truyen dan chi cho phép
duy nhat mét kénh truyén/tin hiéu truyén qua
= Trong trvong hop nhieu kénh truyen cung chia sé mét mai tredng truyen
dan: khi d6 tai nguyen cua moi trudng truyén sé phai chia nhé, maoi kénh
truyén sé dwoc chia mét phan tai nguyén doé
= Tai nguyén cta moi trwong truyén dan: thoi gian, tan so, ma, khéng gian
¢ Muc tiéu cua ghép kénh:
= Tang hiéu suat st dung mdi truong truyén dan -> téng dung lwong truyen
dan cua hé thong




NHAP MON GHEP KENH TiN HIEU SO

s Cac ky thuat ghép kénh:
= TDM — Time Division Multiplexing

- Synchronous TDM
- Statistical TDM

* FDM — Freqguency Division Multiplexing
- OFDM: Orthogonal FDM

- WDM — Wavelength Division Multiplexing: FDM in optical
domain

*= CDM - Code Division Multiplexing




IEP KENH PHAN CHIA THEO TAN SO (1)

G

s Khai niém:
= Bang thong hé thong dwoc chia thanh nhiéu bang théng nho hon,
khong chong lan Ién nhau; mdi bang tan nhoé nay dwoc gan cho moi

“nguwdi dung” hay mot tin hiéu
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< Thiét bi

= BO ghép kénh & phia phat ghép cac tin hiéu voi tan sO khac nhau
(ham trong dai bang tan hé thdng) thanh tin hiéu téng dé truyén di

= B0 tach kénh & phia thu: tach tin hiéu tong thanh céac tin hiéu co tan
so6 khac nhau phu hop véi phia phat




Q)

EP KENH PHAN CHIA THEO TAN SO (2)

<+ FDM thich hop cho tin hiéu twong tw = chiu nhiéu I&n

< Cac hé thong tng dung FDM: phat thanh truyén hinh, truyén hinh cap,
hé thong dién thoai di dong,...

_,| Bo loc J|Bo6 dieul___,| B6 loc Bo loc .| BO giai JBdloc| ,
thap ché bing | bang d'e“T che thip
T, £,

—{ Bo loc [ __,IB6 dieul__,| B6 loc Boloc| JBogiai| IBoloc| ,
|_thép | ché bin | bang |  |dieuchel | thap |
Fralee P 8,

5 I I
I ki I
o
| Bo loc J|Bo dieul__,| B6 loc J |_ BO loc JBogiai| IBOloc| ,
thap ché bang | bdng | |dieuche thip
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GHEP KENH PHAN CHIA THEO BU'O'C SONG (1)

s Khail niém:
= FDM trong mién quang
= Ghép cac budc song khac nhau truyén di trén mét soi quang
= Tan s6 s6ng mang rat Ion so véi tan sé trong FDM théng thwdng
s Phan loai: GE
= CWDM

WDM Fiber MUX

b \
— 7

Fiber Channel _—
_//

ATM Fiber Cable




GHEP KENH PHAN CHIA THEO BUO'C SONG (2)

% 0 0 0
2 Bwdc sdng hoat dong . DWDMWindowe

Wavelength

(nm) 1280 1320 1400 1480 1520 1552 1600
- CWDM Window

<% So d6 khdi hé thdng WDM

WDAT MUXx WDM MUX

Dighal Transcelver

Dightal Transcelver

Digital Transcelver

| Dightal Transcelver




GHEP KENH PHAN CHIA THEO THO!I GIAN (1)

s Khai niém:

* Thoi gian truyeén dan dwoc chia thanh cac khe thoi gian déeu nhau,
mOoi “nguwoi dung” hay tin hiéu dwoc gan moét khe thoi gian deé truyén

di

= TDM tin hiéu s6 va TDM tin hiéu twong tw

< DPac diém
= TOi wu cho tin hiéu sb
= TDM cho phép moi kénh
truyén dwoc st dung toan
bd bang théng hé thdng
+ Phan loai
= TDM ddng bd
= TDM théng ké
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GHEP KENH PHAN CHIA THEO THO!I GIAN (2)

< TDM dong bd "

= Ky thuat TDM ra doi dau tién
- DéC dlém lsjﬁ\ -~ 4[4 [B) €1 81 A1 [&] —>

- Kiéu ghép: “round robin” @I/

o E)ong bd vé mat th&i gian: khong
can cac bit phu ,!i

- Cac kénh TH dau vao co téc do
nhw nhau.

- Céc kénh TH khéng cung toéc do:
st dung bo dém hoac bo ghép doc
nhiéu 1an lién tiép kénh TH téc do
. . lg T

- Tai thoi diém: kénh TH khong co6 , X gy 0|l ol el [ Lol ollo ][>
di liéu: danh khe thoi gian ¥ d = data from

= Ung dung: Tin hiéu thoai T1,
ISDN, ...

user 1
0 = idle data byte




GHEP KENH PHAN CHIA THEO THO!I GIAN (4)

< TDM théng ké
= Da&c diém
- Truyén dan chi nhixng kénh c6 di liéu, tai thoi diém kénh nao khéng c6 dr liéu
thi khe thoi gian do sé duoc dung cho kénh khac = can thém cac bit phu
- Tbc do cac kénh TH dén c6 thé khac nhau
= BO ghép kénh

» Tao ra cu trtic khung phu hop dé co6 thé tach tin hiéu & phia thu
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GHEP KENH PHAN CHIA THEO THO!I GIAN (5)

% TDM thong ké
= Pé phan biét di¥ liéu ttr cac kénh khac nhau, can thém cac byte dia

2
C h I Address| Data Address| Data Address| Data Address| Data
of of of of of of of of
C(10) C A (DO) A C (10) C A (DO) A

= Neéu di¥ lieu dén ttr cac kénh co6 do 1&n khac nhau, can thém cac
byte xac dinh dé Ion div lieu

Address| Length  Data Address Length | Data Address| Length | Data
of of of of ot of of of of
A (00) A A C(10) C C A (00) A A

= Cau truc khung hoan chinh cuda tin hiéu TDM théng ké

2=r0
>0

FLAG CONTROL

FCS FLAG

NWemADOE
I-HdQZmr
NAmMAD D=
I-0Zmr




GHEP KENH PHAN CHIA THEO THO!I GIAN (6)

< So do khoi TDM tin hiéu s6

" B loc
]_-_’I?;ﬁélgc thap 1'
Cac bit bao Bao hieu T
Bé loc s A BO loc
— A Y o thap :
£ .
2o | Tao | Mwiness [T tao v 2
Eeaapaid. - i > 7
khung khung -~
), B loc
BS loc ;o thap -
3 thap | b
- L Bo loc
___,Bbloc & ma dong thap ,
4 | thap bo khung i 4
4§ . BO phan R
Tin hiéu Bo chuyen ohéi Tin hiéu
analog

analog mach




GHEP KENH PHAN CHIA THEO THO'I GIAN (7)

< So do khdi hé thong TDM tin hiéu twong tw

Tin hiéu Tin hiéu
analog |Bd loc B6 loc| analog
— " thén 7 - thong——

1 thépg BO chuyén B6 phan thépg 1
mach ph(f)i
Bd loc Bd loc
i thoAng VY thoAng HIB S
thap truong thap
B6 loc I CEIT B6 loc
= thﬁrig th.f)rig o
thap thap
B6 loc B6 loc
thap thap




GHEP KENH PHAN CHIA THEO MA (1)

s Khal niém
= M6i “ngwdi dung” hay tin hiéu dwgc gan mot tir ma
trong khong gian ma trwc giao cho trvoc, sau do
cac kénh tin hiéu dwoc ghép lai va truyén di
< D4c dieém
= M6i kénh tin hiéu dwec s dung toan b béng thong
cua hé thong va toan bo khung th&i gian truyén dan
= B& ghép va giai ghép phtrc tap




GHEP KENH PHAN CHIA THEO MA (2)

< So do bé phat CDMA

Transmission Code

Digitized Yoice =l i
ar
Digital Data A i e
ISDN Data — 2 e
ar
Other Data =i Spreading

A

% ST

FF M odulation




GHEP KENH PHAN CHIA THEO MA (3)

< So do bo thu CDMA

FEeception L,
S R
J1Lrrrvo
RF Demodulation
P
‘ l Code
Jrnriro
o O 6 8
2 | [ B

Anuisition and Lock Despreading Festored Data




Ky thuat iR . 2
y, . U'u diém Nhwoc diém
ghép kénh
-Bon gian ST, .
_Gi4 thanh thép ! P hop Vol
: - TH twong tw
FDM -Ung dung: radio, (cable)TV L A
o L - - .
-(;ac bg thu cua tirng kénh khong nhat thiét phai ¢ b&ng thong
cung vi tri (cellular phones)
X -ng dung cho TH sb )
TDM dong i+ - Lang phi bang
n -Don gian R
bd : thong
-Ung dung: E1/T1, ISDN
. -Str dung hiéu qua bang théng )
TDMINONG | 56 dai goi d ligu c6 thé thay @b - Pide tap hon S0
ké e dobobodos d bl a8l
-Khung di liéu co cac bit phu: diéu khién, stra 16i, ...
-Pat dung lwong ghép kénh rét Ion -Dat dd
DWDM JE kN .
-Cac kénh TH co thé co6 téc dd khac nhau -Phtrc tap
CDMA -Dat dung luvong lon - Phire tap




SO HOA TiN HIEU ANALOG (1)

“ Dinh nghia:
= Chuyén dbi tin hiéu twong tw thanh tin hiéu s6
¢ Phuwong phap:
= Piéu ché xung ma — PCM
= Diéu ché xung ma vi sai — DPCM
= Diéu ché Delta — DM
% Chuyén déi A/D:
= Lay mau, lwong t& héa, ma héa
% Chuyén dbi D/A:
= Giai ma va loc
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SO HOA TiN HIEU ANALOG (2)

% Tin hiéu twong tw:
= Co6 vO han céc gia tri trong moét
khoang bién d6 nhat dinh
= Lién tuc vé thoi gian
* Tin hiéu roi rac:
= Tin hiéu roi rac vé thoi gian
hoac bién dé
% Tin hiéu so:
= C6 mot s6 gidi han cac gia tri
trong mét khoang bién doé nhat
dinh
= RO&i rac vé thoi gian

Value
F

.

Vo i
7 N U=

a. Analog signal

Value
A




PULSE CODE MODULATION

< So’ d6 khdi hé thong diéu ché PCM

__________________________________________________________

Bo B6 | [BO giai BS
| BO luong v ma | | ma - loc |:
— lay SR hoa - Buony . dan —thong——
Tin | mau hoa nén [Eaesn | s thap |: TIn
% ' . |itruyen: . hiéu
hieu ! SO | i i .
analog | ) . analog




LAY MAU (1)

% Chuyén dbi tin hiéu twong tw S(t)4 - g

thanh d&y xung diéu bién do- s -

PAM (tin hiéu r&i rac vé mat thoi / \:{pa A |

gian) in hiéu analog
< Yéu cau: Chu ki lay mau phai

théa man dinh li Nyquist

=T =121 | ot
a a rTP

< Binh Ii Shannon — Nyquist: -
= M@t tin hiéu co6 dai tan gioi néi 1a B(Hz) (tin hiéu ma bién déi Fourier ciia n6

déu bang 0 VoI |w|>21B hay f>B) dwoc xac dinh mot cach duy r nhat b&i cac
gia tri cia no |3y tai cac khoang cach déu nhau bé hon 1/2B giay.

= Mot tin hiéu co dai tan gigi ndi la B(Hz) co thé duworc thiét lap lai tir cac mau
cta no lay déu dan vai tée do khong it hon 2B mau trén mot giy.

= Ts=1/2B glay khogng Nyquist
o ZB mau/s: toc dé lay mau Nyquist




LAY MAU (2)

% Hién twong chong pho - Aliasing error

T xcr>

-3 r rF+B F

A, XOT)




LUONG TW HOA (1)

¢ Dinh nghia:
= Lam tron bién dd xung lay mau té¢i mot mirc lwgng tér gan
nhat (bang mét sé nguyén lan cac budc lwong ti)
¢ Muc dich:
= Roi rac hoa tin hiéu vé mat bién do
“ Phwong phap:
= Lwong ti héa déu:

+ Chia bién d6 tin hiéu thanh cac khoang déu nhau (cac murc lwong tor
hda co bién d6 cach déu nhau) — budc lwgng tir hda deu

= Lwong t& héa khong déu:

- Chia bién db tin hiéu thanh cac khoang khéng déu nhau theo mét qui
luat nhat dinh (cac murc lwgng tir hoa co bién dé cach khong deu nhau)




LUONG TU HOA (2)

< Lwong t&r hoa déu: 23
= Buwdc lwong tir hoa 6 =A
¢+ Q: sb lwong mirc lwong tr
- a: bién dd xung lay mau

4 - S(t)
= Meo lvong tw 4 Xung luong
+al2 = A - Budc luong ta
. 2 - Budc luong tw
PMLT_ ja WLT(a)ja deu
“AJ2

Tin hiéu analog

" Mtec luong o

.

OrRL Nw > 01 oo N

t




LUONG TU HOA (3)

< Lwong ttr hda khong déu:
= Qui luat lvong tu:
- Bién dé xung lay mau cang lén thi dé dai bwéce lwong tlr cang lén

7 A |
A, - Buéc lugng t& khong déeu

¥ A =

; / \\ Tin hiéu analog

g e : ML’PC Iu,o,ng tGJ

1

” iz . K




MA HOA

¢ Muc dich:
= M& héa mbi xung lay mau thanh mot tr ma cd so lwong bit it
nhat
< Ma co so L:
= L cang lén, so6 lwong bit m& héa cho mét xung lay mau cang
nho
= Thwc hién quyét dinh bit phia thu khé
% Ma co so 2 (L=2):
= Sb lwong bit ma héa cho mét xung 1a I&n nhat
= Thwc hién quyét dinh bit phia thu dé dang, cé dé chinh xac
cao
= Puwoc st dung chd yéu




NGAU NHIEN HOA TiN HIEU (1)

s Khai niém:
= Xao tron tin hiéu hjén c6 (mat tinh ngau nhién) thanh mét day
tin hiéu coé tinh ngau nhién
= Vi du: tin hiéu phat gdm mot day bit 1 hay bit O lién tiép hoac
mot td hop tr ma dwoc truyén di lién tuc > mat tinh ngau
nhién
% Phuwong phap thwc hién:
= Thiét ke bo ngau nhién héa (b6 tron) & phia phat: s dung bo
ghi dich phan héi am
= Thiét ke bo khtr ngdu nhién héa (b6 gidi trén) & phia thu: st
dung b ghi dich phan hdi dwong




NGAU NHIEN HOA TiN HIEU (2)

% BO ngau nhién hoa:

* Phwong trinh:
Xt B¢ ghi dich
T=S @ D3T @ D°T ot B
®<
1=S & (D3 D D5)T B@gv x1
médun 2 x1

N4 S

»
>

S6 lieuvao S SoliguraT




NGAU NHIEN HOA TIN HIEU (3)

< BO kh&r ngau nhién hoa:

= Phwong trinh:
B6 ghidich | x*
phan hoi 1
T ® (D3® D5)T=S &
X1 \
Pat D3 ® D°>=F v B cong
- modun 2
X
=S So ligu vao /
T 2 -
Sé ligura$S




NGAU NHIEN HOA TIN HIEU (4)

¢ Vidu 1: * Vidu 2:
o Tra lOi: 111000111001
T = SOFT = SOF(S®FT) = SOFS®F?T = = T=S® (D*°®
SOFSOF2S®F3T D5)T
F=D°®D° = Y@u cau:
F2 = (D3 @ DS)(D3@® D) = DS@D10 . TimT
F =(D°® D°)(D°@D%) =D°@® D& D - Xac dinh bo khr
® D5 ngau nhién hoa
F4= « TimS

T=S(1®D3® D5® D¢® D& D@ D™
T =101100




VAN DE DONG BO TRONG VIEN THONG

%+ Khai niém:
= Qua trinh dong bo hoat dong cua cac thiét bi khac nhau hoac tién trinh cua
cac qua trinh khac nhau bang cach dong chinh thang dé thoi gian cua
chung dwoc goi la dong bo.
% BDong bo trong vién thong:
= Pong bdé sdbng mang: cau truc lai sbng mang
= DOong bo ki hiéu: khoi phuc thoi diem quyét dinh
= Pong bd khung: khoi phuc trat tw cac bit trong khung
= Pong bd goi: thong tin dweec phén thanh cac goi dé truyen theo cac duwong
khac nhau, dong bd goi tire la khdi phuc lai théng tin te cac goi thu dwoc
= Dong bd mang: hoat dong cua mot node trong mang sé phai dong bo voi
cac node khac trong mang va ludng dir liéu dén
- Pbéng bd ddng hé thoi gian thwe: phan phdi thoi gian tuyét dbi (thei gian theo chuan quéc
: gia) c6 lién quan den muc dich quan li mang ’ - ‘ i
= Dong b6 da phwong tién (multi-media): sap xep cac phan ti hon don (hinh
anh, van ban, audio, video,...) thanh théong tin da phwong tién
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CHUONG 2

GHEP KENH PCM,
PDH, SDH




GHEP KENH PCM (1)

» Muc dich:
= Ghép cac kénh thoai thanh mét luéng sé chuan héa
» Ki thuat ghep kénh:
= TDM ddng bd
* Nguyén li hoat déng:
= Chuyén ddi tin hiéu thoai twong tw tai méi may dau cudi & dang
twong tw thanh tin hiéu so sir dung lwgng t hoa khong déu, sau do
ghép lai thanh ludng so6 toc dé cao

% Phan loai:

= N: s6 lwgng kénh thoai dwoc ghép

= N=30: tiéu chuan chau Au, ludng sb E1; bd nén A
= N=24: tiéu chuan Bac M, ludng s6 T1; bd nén p




GHEP KENH PCM (2)

% So dd khéi bo ghép kénh PCM

JLPE| LM - .| MH-NS 4+ Ghép | Lapma |Paura
kénh duong
<« sp, I
11 I Bo TX phat
LPF| CXK |, N
’ t | Xt ly bao
- £ hiéu
A
LPF| LM
N]
; 5 B6 TX thu
N
N 1 T
A
= b d I v
< Tach kénh |¢ Giai ma |QRauvao
duong

A
@
T
)
n
y

LPF| CXK




GHEP KENH PCM (3)

% Cau trac khung va da khung PCM-30

To=125pus x 16 =2 ms

Pa khung
o I:1 I:2 F3 I:4 I:5 F6 I:7 I:8 F9 FlO I:11 I:12 I:13 I:14 I:15
sl R R R
\ 2
Khung fgs [1s, [T, | TS, [TSye | TSy7 | TS,e | TSao | TSay
................................... A= 0 -co d’éng bé khung
, = - i A = 1- mat déng bé khung
Cac khung chan Khung F, S, - str dung cho quéc té
S.|lolol1|1|o0|1|1 olololo| x| Y| x|x Sn,x—sfrd;ingchoquécgia
- - Khuna E.= E Y= 0- c0 dong bé da khung
Cac khung lé 9 M1F Mis Y= 1- méat déng bé da khung
S.|1|AB,S,.[S,/S./S,. albjc|d|la|b|c|d abcd - 4 bit bao hiéu




GHEP KENH PCM (4)

% Cau truc khung va da khung PCM — 30:
= Tbéc do bit:
V=8bit/TS*32TS/khung*8.103khung/s=2048Kb/s
= MO ta:
- Pa khung gém 16 khung

- M6i khung gom 32 TS: chtra 30 kénh thoai va 1 kénh dong bo, 1 kénh
bao hiéu
- Khe TSO cua:
— Cac khung chan: bit Si duing cho quoc té va tir ma dong bg khung
— CAc khung Ié: bit Si diing cho quéc té, bit th 2 lubng dat bang 1, bit thi 3
dung cho canh bao xa khi mat dong bé khung, 5 bit con lai dung cho quoc
gia
» Khe TS16 cua:
— Khung FO: 4 bit dau tién la t» ma déng bd da khung, bit thtr 6 duing cho
canh bao xa khi mat dong b da khung, cac bit con lai dung cho quoc gia
— Khung F1-F15: 4 bit dau truyén bao hiéu ctia cac kénh 1 dén kénh 15; 4 bit
cuoi truyen bao hiéu cua cac kénh 16 den 30




GHEP KENH PCM (5)

% Cau trac khung va da khung PCM — 24:

DS0 Channel

cH 1 >{cH 2 >{cH 3 > cre > cu s> cu s >CH 7>< —:\\,_><CH21><CH22><C323><CH24 cH 1> CH2 >

DS1 Frame = 24 channels + 1 bit = (24 x 8) + 1 bits = 193 bits

DS1 bit rate = 193 bits x 8000/second = 1,544,000 bits/second 193rd

Framing Bit

< Ty = 125pus x 24 = 3 ms "
I:1 I:2 FS I:4 I:5 I:6 I:7 I:8 F9 I:10 I:11 I:12 I:13 I:14 I:15 I:16 I:17 I:18 I:19 I:20 I:21 I:22 F23 I:24

Y

A A A A A A A A A A A




C ompKenmThmeuso

GHEP KENH PCM (6)

% Cau trac khung PCM — 24
= MO ta:
- M@i khung gom 24 TS chira 24 kénh thoai va 1 bit co
= Toc do bit:
V=(8bit/TS*24TS/khung+1)*8.10%khung/s=1544Kb/s
< Cau trac da khung 24 khung
= Pa khung gom 12 khung ho&c 24 khung

" E)a khung 24 khung:

Bit F cac khung F4, F8, F12, F16, F20, F24: tao tir ma déng bo da khung
001011

» Bit F cac khung F2, F6, F10, F14, F18, F22: tao m& CRC-6
° Erlmt F cac khung con lai: dung cho dong bé khung va canh bao mat dong bo
ung
. Ehurr\]gAFG, F12, F18, F24: bit thir 8 cla tit ca cac TS dwoc sir dung dé truyén
ao hiéu




GHEP KENH PCM (7)

% Cau trac da khung 12 khung:

Te = 125pus x 12 = 1,5 ms

I:1 I:2 F3 I:4 I:5 F6 I:7 F8 F9 I:10 I:11 I:12
A A A A A A A A A A A A A A

m m m m m m m
S €, €3

o) 0) 1

* Bit F cac khung chan: tao tir ma dong b da khung 00111 va
bit S canh bao mat dong bé da khung

= Bit F cac khung |é: tao tr ma dong bd khung 101010

= Khung F6 va F12: bit thtr 8 cla tat ca cac TS dwoc sir dung
dé truyén bao hiéu




GHEP KENH PCM (8)

¢ Nén — dan tin hiéu:
= Lwong ti héa khong déu &p dung cho tin hiéu thoai
= Khai niém:
* Thuwc hién lvgng ti hoa déu toan bo bién do cua tin hiéu doi hoi
sO lwong murc lwong tir héa Ién -> sO lwong bit ma héa lén.
- Pua ra qui luat lwgng tr hda khdng déu: nén bién do tin hiéu vée
cac gia tri nhé hon - giam so lwong mac lvong tér hda
3 9 phia phat co b6 nén duwoc dat tredec b6 ma hoda thi phia thu
phai c6 bd dan dat trwdce bé giai ma
- Tin hiéu dau vao, dau ra cia b nén va bo dan déu la tin hiéu
analog = bd nén — dan analog: st dung cac phan t& phi tuyén
- Tin hiéu dau vao, dau ra ctia b nén va bo dan deu la tin hiéu so
= bd nén — dan sO: sty dung cac vi mach




GHEP KENH PCM (9)

“* Nén — dan analog: (A _ 1

. B i X khi 0 < x < —

= Pac tinh bién do: y = 1+ A A

» Luat A: LtIn A i Lcx<a
L1+ In A

o Luét y = ML+ LX) hi0 < x <1

In( 1+ u) -

- Trong d6: x=V, IV, .; V... : dién ap vao tng voi diém bao hoa cua dac
tinh bién do bo nén
- V. dién ap vao (bién thién tlr 0+2048A; A: mirc lwgng t hoa déu)
= Dac diem bo nén:
- S6 lwgng mic lwong tlr gidm tir 2048 xudng con 128 muic
- Lwong t& hda khéng déu: bién dé mre lwong t& tang khi bién dd tin
hiéu tang




GHEP KENH PCM (10)

% Cau tao bd nén — dan analog:

» Hoat déng cua b nén: I #Z /N I

= Tin hiéu vao bé ->m¢ot trong s V out
hai diode m¢ it (dién tré Ion)
—>tin hiéu ré mach it 2>suy l i
hao bd nén bé = .

= Tin hiéu vao tang —>dién tro
thuan diode giam =>suy hao = W
bo nén lon - bién doé vao = = % i
cang I&n sé bi nen nhiéu T T

= Hinh trén: bd nén Vin % V out

= Hinh dwéi: bo dan I :




0 cukéwiTmevso

GHEP KENH PCM (11)

<+ Nén — dan sb:
, " Duwa trén biéu thirc toan hoc ctia bd nén analog theo tiéu chuan
12ea—"  chau Au, bd nén A=87,6/13 —

128 = Vi

96A

80A

64A

48A |

32A L
1
16A
0
OA H | | | | |

I I I T
256A 512A 1024A 2048A Vvao

128A
64A
32A




GHEP KENH PCM (12)

< Dac diém cla dac tinh bién do:
= Hinh vé déc,tl’nh bién do thé hién cho nhanh dwong, nhanh am doi
Xwng qua goc toa do
= Bién do chia thanh 13 doan:

+ Mbi nhanh c6 8 doan, doan | va doan Il co6 cung budc lwong tir héa va
c6 cung dé doc duoc ghép lai thanh mét doan ->con 7 doan

- Hai doan bat dau tr gbc toa do cé cuing d6 doc va cung buwdc lwong tlr
hoéa - ghép thanh 1 doan

= Trong méi doan dwoc lwong tlr hda déu véi 16 mie lwong té héa

= S dung mo6t bit b1 dé ma hoa dau cda gia tri bién do (bién do
mang gia tri am va dwong)

= Viéc ma hoa bién dd tin hiéu chi can quan tam dén gia tri tuyét doi




GHEP KENH PCM (13)

“ Lwong t hda trong doan:
= M6i doan dwoc chia thanh 16 mic lwong tir héa véi bude
lwong tr hdéa déu nhau, danh sé ttr 0 den 15
* Buwodc lvong tir hoa cua cac doan khac nhau la khac nhau,
bwéc lwong ttr hoa cua doan sau lon hon gap doi buoc
lwvgng tr hda cua doan trwdc lien ke2>lwong tr hda khong
déu
< So sanh budc lwong t&r hda déu A va khdng déu An:
An = (V,-V, )16
Trong do6: n la chi s6 th tw doan tir 0 dén 7
V,,V,,.: gié tri dién ap tai dau doan va cudi doan thir n




GHEP KENH PCM (14)

< M4 hda — nén so:

Xung lay mau V,,,, dwoc
chuyén thanh tir ma 8 bit
Bit b1: chi thi dau cua gia
tri bién do doan

Bit b2b3b4: ma hda doan

Bit b5b6b7b8: ma hoa murc
lwong tir trong doan

Thir tw doan S6 lwrong budc
lwong tur déu
0 16A
I 16A
32A
11 64A
IV 128A
\ 256A
VI 512A
VI 1024A




GHEP KENH PCM (15)

% Ma hoa doan: | Thir tu doan Tur ma doan
= St dung ba bit b2b3b4 bbb
w di 18 Bk ! > 3t
de danh so thw tw cac 0 000
doan tw O dén 7 trong
nhanh dwong I o
010
a1 0411
1V 100
\V 1.0 1
VI i
VI rli




TU MA CAC BUOC

TT buéc b, b, b b, TT buéc b, b, b b,
0 0000 8 1000
1 0001 9 1001
2 0010 10 1010
3 0011 11 14 1
4 0100 12 1100
5 D404 13 1101
6 0110 14 i il
7 o bt 15 fi 41




CAC NGUON BIEN AP CHUAN

Thu tu Ma doan | Pién ap miu chen buéc trong doan Di¢n ap mau
doan eiflefide by b, b b, dau doan
0 000 A 2A 4A 8A 0A
| 001 A 2A 4A 8A 16A
010 32A
11 011 4A 8A 16A 32A 64A
IV 100 8A 16A 32A 64A 128A
V 101 16A 32A 64A 128A 256A
110 512A
Vil iR 64A 128A 256A 512A 1024A




GHEP KENH PCM (16)

% Quy trinh ma hoa:
= So sanh gié tri bién do xung lweng t& chwa nén véi nguon
dién ap mau dé xac dinh gia tri cac bit
= Xac dinh gia tri cac bit trong ttr ma theo lan Iwot: bit bl trwdc
(bit dau), dén cac bit b2b3b4 (chon doan), cudi cling la cac bit
b5b6b7b8 (chon bwdc lvong tr hda)

< Buwdc 1: Chon bit dau bl

iy ORI Sy eOA B




GHEP KENH PCM (17)

s Budc 2: Chon doan (b2b3b4)
= Xac dinh b2:
* Vpa2128A thi b,=1; Vp,<128A thi b,=0
= Xac dinh b3: 2 trwdng hop
+ Trwong hop 1: b,=1
— Vpa2512A thi b,=1; V,,,,<512A thi b,=0
* Trwong hop 2: b,=0
SV EoAtib i eB2Kthab. 0
= Xac dinh b4: 4 trwedng hop
* Trwong hop 1: b,b;=00
— Vpa216A thi b,=1; V,,,<16A thi b,=0
» Trwong hop 2: b,b;=01
— Vo, 264A thi b,=1; V,,,,<64A thi b,=0
* Trwong hop 3: b,b;=10
— V22564 thi b,=1; V,,,,,<256A thi b,=0
» Trwong hop 4: b,b,=11
— Vpu21024A thi b,=1; V,,,<1024A thi b,=0




GHEP KENH PCM (18)

s Buwdc 3: Chon bwdc trong doan (b5b6b7b8)
= Xac dinh b5:;
e Mo SN b=l Vo, e SV ot b0
trong d6 2V, ;= V44 + Vi(D5)
= Xac dinh b6:
o Mo SN thih el NV, e 3NV i b =0
trong do valz ded + Vm(b6) 1 Vm(b5:1)
= Xac dinh b7:
o Mo m SN thi e 1IN e SNVt D=0
trong A6 2V, =V ..+ V. _(b.) + V_(b=1) + V_(b.=1)
= Xac dinh b8:
oM 2 SN thithaz 1V, o IV o thi b=0
trong d6 V.=V .+V._(b)+V (b.=1)+V, (b,=1)+V (b.=1)




SO BO KHOI BO MA HOA — NEN SO

VPAM
MR - C
A
RV
A A A y A A A
11 10 8 7 5 4 = 2 1
SW
v 4 4 y A A Y A A 4 4 v
11 10 8 7 5 4 3 2 1 X
DCOM
Tin hiéu . {‘b8 T e TR R
PCM = e
PIS e s u s o
‘, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,




L e
AT

SO PO KHOI BO GIAI MA — DAN SO

Tin hiéu

PCM
NRE
e i B s
DEX
AL B
SW
11 |10 8 7 6‘5 4 2 1
RV




GHEP KENH PCM (19)

¢ Vidu 1:
= Dau vao bd mé héa — nén so c6 mét xung lay méu cé hién do
twong doi x=0,26. Xac dinh gia tri 8 bit dau ra.
¢ Vidu 2:
= Dau véo bd mé héa — nén so c6 mét xung lwgng t& Vp,y,=-
1898A. Xac dinh gia tri 8 bit dau ra.

* Vidu 3:
= CO tr ma 8 bit: 11001010. X&c dinh gia tri xung lwong t& dau
A,
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GHEP KENH PDH (1)

*» PDH — Plesiochronous Digital Hierarchy

» Khai niém:

= Ghép kénh PDH thuc hién ghép cac luong so co s& dé tao
thanh cac luéng s6 mwrc cao hon theo ky thuat ghép TDM

* Mang théng tin PDH khdng s dung dong bo tap trung, tat ca
cac phan ttr trong mang khéng bi khong ché béi mét dong ho
chu

= Céc ludng so do céc phan ti trong mang tao ra c sw chénh
|éch vé toc do bit so voi toc dd danh dinh

L)

*.0

(d

L)

L)




GHEP KENH PDH (2)
< So d6 nguyén ly boé ghép PDH

Ludng sé 2Mb/s cé téc doé
bit dinh mirc

3 1 ) B& chuyén
| mach

J- cac bit chen

Tin hiéu ra

B6 tao xung dong ho

BS ghep
kénh

Ludng §c") 2Mb/s c6 tbc dbé
bit thap hon dinh mirc




< Cac tiéu chuan toc do bit PDH

GHEP KENH PDH (3)

= Tiéu chuan Chau Au, Bac Mi, Nhat Ban

CEPT
E1 E2 E3 E4
2048 | x4 8448 | x4 34368 | x4 | 139264 | x4 | 564992
kbit/s kbit/s kbit/s kbit/s
ITU-T
G e
32064 | x3 | 97728 | x4 | 400352
7 kbit/s > kbit/s > kbit/s
1544 | x4 6312
kbit/s > Kbit/s
= - \ 44736 274176 560160
7 kbit/s 55— kbit/s 5z kbit/s ——>
T5

T3

5 Nhat Ban

Bac My




GHEP KENH PDH (4)

s Ky thuat ghep xen bit
T

§

E# 1

El# 2 ____________________________ P k]
=m0 s - - 0
i il e S g5 e eE e
XDB ! I .
i T = 125us >
TkhungZ/s >!




GHEP KENH PDH (5)

< So d6 khdi bd ghép PDH

Luéng nhanh 1

_____________________________________________

~ Ludng nhanh 2

Ludng nhanh 3

N

Luéng nhanh 4 '

1 2T3T4T

Khoi
TX » TX DB




GHEP KENH PDH (6)

“ Hién twong trwot bit:

= Tan sb doéng ho tach ttr luéng bit dén khéac tan sé dong ho noi
tai bd ghép kénh

Poc khbng (giam) boc thém (tang)
Ludng vao
bdé nho 4 i
Pang-ho.paitab. . 8 Ll S B L EECREREEE s e e
b6 nh¢ i ik t

a) Rpiéu bit : b) A X Thta bit

a) Tan s6 déng hd noi tai I&n hon tan sb ludng vao
b) Tan s6 dong ho ndi tai nhé hon tan s6 ludong vao




GHEP KENH PDH (7)

s Ky thuat chen trong PDH:
= Khai niém:
- Diéu khién dwoc hién twong trrot bit trong ghép kénh PDH
= Phan loai:
*SiEnm -k ‘
— Tan s6 ddng ho ghi I&n hén tAn sé ddng hd doc; hay chu ki déng hé ghi bé hon chu ki
dong ho doc -> tai mét thdi diem ghi ¢o hai bit thong tin.
— Mbt bit sé dwoc ghi vao mét vi tri khac dwgc qui dinh trong khung
— Chi thi chén am la 000
- Chen duong:

— Tan_s6 déng hoé ghi nhé hén tan so dong hé doc; hay chu ki dong hé ghi I&n hon chu
ki ?’)ong ho doc -> tai mot thdi diém ghi sé khong co6 bit thong tin nao hay ton tai mot vi
tri bo trong.

— M@t bit mang théng tin gia sé dwoc ghi vao vj tri bd tréng nay
— Chithjchén am la 111

IO UEN e s
— Tan s6 dong ho ghi bang tan s6 dong ho doc

< Trong ghép kénh PDH chi c6 chen dwong




GHEP KENH PDH (8)

% Cau truc khung bd ghép 2/8
8.448 Mbit/s ; frame length 848 bit: 100.4 us ; ITU-T G.742

1bl2b13bl4b 1b|2b|3bj4b|s1|s2|s3|s4

A: Alarm Bit

N: National Spare Bit
: Stuffing Control Bit
1|1{1]1|0|1]0[0|O|O|A[N S: Stuffing Bit




GHEP KENH PDH (9)

% Cau truc khung bod ghép 2/8

1 1213 2121 4 212
% E L1} (LY (R ]}
7S A e i {T4T:
1" 4s 221 45 89 212
iaa (11 J LLLY
' ‘:Jlu T1T;T 1T;. L1y 1 |R| -E|T;T 1
Bhnary mte = 84480 KbtE £ 30 ppm Fmme mte = 3357 264 f=n ek
Line Code=5053 FAS bits rate = 33622 .64 bz
Nom halam pliude =237V Maxinum jstificaton mte per twhutary = 10000 b1k approx.
| pedance = 73 Nom nal pstification ratio = 0424
B!
Tokrted mputlkevelatienuation =0 o Sd2 ateiZd Hhzaccomng o 2
Num bercftrbutames = 4 Fram e length = 343 bz
Justificatisn - Posbe Avaiebk bizpertobutaryperfame= 0o b=
b =14 R = Ak qetfoaton) Pran a duration =— > 2P = 1004 3
T e e Ty 3445 kb 1z ¢
bis =04 R,= nDmaton (no psticaton)

[fac=nn % bassd an :.Hj:ﬁt' gountafbis J,‘_l Tl:l‘buhlfﬂatﬂ - ]:”IE PErtf.tiJEr_'r' 'PEI:-L_:I E:'= El:lﬁ hJIE = El:ljlpT :'{blt.rE

M ultiplexing m ethod = bz nierkavig foo s Su i hi ¥




GHEP KENH PDH (10)

% Cau truc khung bd ghép 8/34:
34.368 Mbit/s ; frame length 1536 bit; 44.7 us; ITU-T G.751

4

dc|sl|s2|s3|s4

1a|2a|3al4a| [1b|2b[3b]ab| LLcl2€|3¢
A: Alarm Bit
\ N: National Spare Bit
: Stuffing Control Bit
S: Stuffing Bit
010]10|0|A|N

111|101




GHEP KENH PDH (11)

% Cau truc khung bd ghép 8/34

1 1213 384 45 B4
% 45 ELT ] J (1] (R R
........ . lT.;-E Ty : Ti(T TH{T4 i
gk w1 45 89 384
J_ (AR} LLL ] 1 J R LLL ]
1 I: 1 T1ET 1ET: '] |. L L 1 -I T‘ET 1TjT
Bhary mte= 34368 .0KbxE £ 20 ppm Muldplkxng mpf‘_i‘ffidn'_hii'-ﬂtbivi'-q
Line Code= BDA 3 !'mme_min = ;;F_j-_.'_:i.l.- Z=mes
: : , FAS bifs mte= 7237500 bt
Moo Sl g g = L1 Maxin un jistificaton mie per trbutary = 22733 bz appmx.
hpedance = 72, Nom inal jistificaton mtb = 0.43¢
Tokmted nputkvelatenuaton= 0 m 12 48 2t17 184 Mhz accomig © "p':-
Hum beroftbutemes = 4 Frame ength = 1338 bz
Justifraton ' Fostie Availlable bis per tfhutary per flame = 37 bz
bz i=ly Rp= 2 qstiemn) Frame dumtbn =——e S _ = 447 %
Sl B S ; i i IAIER T
biz J,=04 R, hbmathn ho pstife=ton) +436R ke '
Hecsin % based on = e Pty countofhis ) Trbutary Rate = bIzperoiuey perZme) IEbE 24354 kb
fem e dumton 447 uE

Multpkxngm ethod = bZnErkzvig




GHEP KENH PDH (12)

% Cau truc khung bd ghép 34/140
139.264 Mbit/s; frame length 2928 bit; ITU-T G.751

4

laj2al3alda Ib{2b(3b|4b| [1b|2b|3b|4b]| |1b|2b|3b|4b||Ic|2c|3c|dc|s] [s2|s3|sd

A: Alarm Bit

N: National Spare Bit
la,b,c,d: Stuffing Control Bit
S: Stuffing Bit




GHEP KENH PDH (13)

% Cau truc khung bd ghép 34/140

3 16 17 A
FAS A s | m
1 P - 5 - b
J Tq‘.'_zTE." ...l_ni ._ﬂ_'.‘
B sl oy S R o -
O T R : . o -
: JI TiTjIH"- - l;T-
1_...45- AR - o 3
s T4 < I‘ﬂﬂ
§ ol T T o =
20 L B Tq—ETH"' -"l'r;r,-

Binary mte = 135264 0 Xbts = 15 pom
LneCoda=CHMI
vV, nomnal=1V
Inpedance = '.’E-n
Tolemited nputlevelatermaton = 00 12 4B a2 70 Mhzacoomdng © W-f
Num berof rhutarses = 4
Justifisaton :Fosthe
biz =1 R,=fkh fpstfcatin)
biz =04 R =nimatin {0 hstfimton)
ideci=in Ebssedon mapoy countofhis _';}
Mulplang method = b hieveavhng
Frame mte = 47582 542 f=me &
FAS bi= mim = 570754 058 b1k
Maximum j=tfeaton mie per trbutary = 47563 3% ampmx.
Nom nal pstfraton mto = 0429

Fmam e ngth = 2328 b3z
Avaibble bhis per thumryperfama =723 =

Fam e dumton = 2528 bi= =07 5
1359264 kois L
i v 3 r =
Prbutany Rat = oo Por oAty perfane), 2305 wisei s ik
fam e dumton 2102, =




GHEP KENH PDH (14)

< T ma dong bd khung — FAS (Frame Alignment Signal)
FA S
140 mMbis |L1|1|1|1|0Q|0[0|0|0|0|| S

& B
34 Mbits hutarbiss bhits

34 Mbitk 1110111010010 2

0

8 M bit/s 11|11 |0|1|0|0|0|0|2)

)
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GHEP KENH PDH (15)

% DPiéu kién khoi phuc dong bd khung

Toc d9 bit | So khung | SO khung lién tiép khoi S6 da khung | SO da khung lién
(Kb/s) Iiép tiep phuc dwoc FAS lién tiep mat | tiép khoi phuc
mat FAS MFAS dwoc MFAS
2048 3 hoac 4 % FAS c0 trong khung 2 Phat hién bit 5
chan, khong c6 trong khung trong TS16 thudc
& khung FO bang 1
< FAS xuét hién tiép trong
khung sau
8448 4 Sau 1 FAS dung
34368 4 3
139264 4 3
564992 4 3




GHEP KENH PDH (16)

< Van dé dong bo
* Do hé thong PDH khong hoan toan dong bd nén bo ghép cho phép dieu
chinh sw dong b6 vé thdi gian va toc doé bit dé dat dwoc toc dé danh dinh
= Van dé nay xay ra khi ghép cac ludng s6 bac cao DS2, DS3, DS4, DS5
= Pé tranh 16i, cac bo ghép bac cao c6 co ché bu lai nhirng sai khac téc do
— thwe hién chén

ciock? 8448 Kbit/s (+5 ppm) 8
—— 8448 Kbit/s (+7 ppm)
PDH circuits gy S48 Rbw's
— | alignment — 8448 Khit's (+2 ppm)
e, N
— el

8448 Kbit/s (10 ppm) 341

Lines Input Synchronization
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GHEP KENH PDH (17)

< CAc tiéu chuan chén

With justification R:stuffing bits
s BABIAARNN " CRRNEARNNCEC  REBDEARE
biks B Rt i A MRS [ ity H Bl

Without justification -
= T, 'I‘JT: rL T TJT,IT-11 1, TL T, "I‘JT: T‘E T T.HTJT!]

* Néu nhw cac ludng nhanh dwoc dong bd hoan toan thi xac suat st dung
cac bit chen R la 50%
: Kh| do, bo ghép sé thiét 1ap céac bit diéu khién chén cta ludng nhanh twong
wng lén muc 1 (VD: luéng nhanh tht 2 can chén thi cac bit J21,J22,J23=1
va R2=1)
= Phia thu, dwa vao tiéu chuan chén dé xac dinh cac bit R c6 mang théng tin
hay khong - khoi phuc di liéu
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GHEP KENH PDH (18)

< Co ché diéu khién chen

—

I T[T T
=LK ) F T 3| T, LE LE 1 T TA T4 T,

= Bit J,=1 néu R, la bit chén, khéng mang thong tin

= Bit J,=0 néu R, la bit mang théng tin ludng nhanh

= Néu cac bit J,=0/1 thi viéc quyét dinh phai dwa vao viéc dém xem s6 lwong bit J, xuéat
hién v&i gia tri nao nhiéu hon

= Tbc do bit chén I&n nhat: DS2: 9962,264b/s; DS3: 22375,0b/s; DS4: 47562,842b/s




GHEP KENH PDH (19)

% Canh bao:
= Ludng 2Mb/s:

» Power fault, lost of signal, lost of frame, coder/decoder fault,
high BER

= Ludng 8, 34, 140Mb/s:

- Lost of signal, lost of frame/ alignment frame signal (where the
frame starts?)

FAS B s [[[]]-




GHEP KENH PDH (20)

s Cac bit dw trir:

140 Mbits. FAS PRl
34 Mbits FAS
8 Mbit/s FAS

= Muc dich chung: chi thi xem kénh tin hiéu ctia nha cung cap
mang nao

= Mang thong tin quan li, giam sat, bao dwéng




. 140 Mbit/s —

—] T T T oo oo

EI'II:I T ) \ l Spare hits {national use)
; 34 Ml:nt!s 101112 304 1153 1536 _
- T ' l | - Tributary bits
<
/ 18t Tributary \ l Justification contral bite
l Justification bits

; 8 Mbit's 101112
T '_E R

3rd Tributary
Fr&maj Gh 1 Ch. 15 Ch 16 Ch. 30

4]
i
3 I CRC-4 Error signaling bits
3 Submultiframe
l I I CAS multiframe alignment
3
& I Frame alignment bits
7
R I CRC-4 Multiframe alignment
9
10 Frame alignment supervigion bits
T Submultiframe
12 Il - Cyelic Redundancy Checksum bits
13
14

2 Mbit/s 15

Interval o 1 15 17 K1l




MA PUPONG TRUYEN (1)

“*Ma duwong truyén — Line codes
= Khai niém:

- Trwoc khi truyén tin hiéu so qua méi trwdng truyén dan phai
chuyen doi ma tin hiéu thanh ma hai cwec (méa ba murc) théa man
mot sO dac tinh nhat dinh cua moi tredng truyén dan.

- Ma dwérng truyén thwéng la cac xung hai cwe gia ngau nhién

= Yéu cau:
- Khéng co6 thanh phan mét chiéu
- Déc tinh phan bo pho céng suat cla tin hiéu gan giong dac tinh
ham truyén dat cua hé thong
- Gidi tan hep
- Bién dbi c6 qui luat dé dam bao may thu kiém soat dworc 16i
- SO lwong cac bit 0 hay bit 1 lién tiép khong qua I&n




MA DPUPONG TRUYEN (2)

v Ma NRZ va ma RZ
= M& NRZ — M& khong tr& vé 0
- Pac diém: do réng xung bang chu ki xung
- Qui tac chuyén dbi:
— Bit 1 trong ma gbc chuyén thanh bit 1 trong ma chuyén doi
— Bit 0 trong ma gdc chuyén thanh bit 0 trong ma chuyén doi
= MaRZ - MAatré ve 0
- Pac diém: do réong xung béng ntra chu Ki xung
+ Qui tAc chuyén dbi:
— Bit 1 trong ma gbc chuyén thanh bit 1 trong ma chuyén doi
— Bit 0 trong ma gbc chuyén thanh bit 0 trong ma chuyén doi




MA DUPONG TRUYEN (3)

<+ Ma AMI — Ma déi dau lan luot

= Qui tac chuyén dbi:
- C&c bit 1 trong ma goc chuyén thanh cac bit 1 va -1 dan xen
nhau, co dé réng xung bang mét ntra chu ki trong méa goc
» Cac bit 0 gilr nguyén
= Dac diém:
-+ Khéng chta thanh phan mét chiéu
- Chuwa giam dwoc s6 lwong bit O lién tiép
- Chi dung trong hé thong 2Mb/s




MA DPUPONG TRUYEN (4)

< MAa CMI — M& doi dau
= Qui tac chuyén doi:
- Bit 1 trong méa goc chuyén thanh 11 hoac -1-1 lién tiép
- Bit 0 trong m& gbc chuyén thanh -11
» Chu ki bit trong m& CMI gidam mot nira so véi ma goc
= Pac diém:
Khoéng con bit 0 lién tiép
Do rong pho tang
Con dwoc goi 1a ma 1B2T (mdt bit m& hai mirc dwoce thay thé
b&i 2 bit ma ba murc)
Dung cho hé théng 140Mb/s va STM1-E




MA DUPONG TRUYEN (5)

s Ma HDB-3
= Qui tac chuyén doi:
- CAc bit 1 trong ma goc chuyén thanh céc bit 10 hoac -10 lién tiép (d6
rong xung giam di mét nira)
- Day 3 bit 0 lién tiép tré xudng trong ma gbc van gilr nguyén
- Day 4 bit 0 lién tiep thi chia thanh nhém 4 bit 0 va chuyén doi nhw sau:
— OQOO—h)éAEOOV: bit 1 dng trwédc nhom 4 bit 0 cung dau véi bit V. ding trueéc
gan n
- OﬁQP-)OOOV: bit 1 dirng trwdc day 4 bit 0 trai dau véi bit V dirng trwdc gan
nna
- A: bit tréi dau véi bit trwdc né
- V: bit cuing dau v&i bit trwdc n6 — vi pham qui tac dan dau
= Pac diém:
- Giam s6 bit 0 lién tiép — mat dd xung dong cao
- Khoéng chtva thanh phan mét chiéu
-+ D0 rong phé tang




MA BDUPONG TRUYEN (6)

e Vidul
NRZ
A ke heaad i L P 1
| ] | o o
K i . . 4
cm e e bR dabn el b il
Sl bbb L o

™ Sbrai ey *




MA DPUPONG TRUYEN (7)

e Vidu 2
1 10 1

R?
A e ) et b b
AMI—L - P E
E i %f b
o A e A b b A bk e
s -

R s ass”




GHEP KENH SDH (1)

% SDH — Synchronous Digital Hierarchy
¥ Khai niém:
* Mang vién thong dwa trén céng nghé SDH dwoc goi la mang SDH dong bod
= Moi phan ttr trong mang déu st dung chung mét tin hiéu dong ho duoc
cung cap b&i mét ngudn déng hd chuan qudc gia
= Tin hiéu dong ho nay dwoc truyén trén mét mang riéng doc lap véi mang
truyén cac kénh tin hiéu

SDH Asynchronous
Transport Transport
System System
- 2 Mbit/s : I QQ
i 2 Mbit/ F
¥idag Mbit/s s | ' ==
2 Mbit/s




GHEP KENH SDH (2)

< Mot s6 dac diém clha cong nghé ghép kénh SDH

= Thuc hién chtrc nang ghép cac kénh co toc dd thap thanh
lubng s6 toéc db cao

= Cho phép truyén tai tin hiéu PDH va té bao ATM trén mot
giao dién déng b, thbng nhat

= Cho phép mang nhiéu théng tin quan Ii, bao dwéng

« Dé dang tach/ ghép cac tin hiéu ludng nhanh toc do thap ttr
cac luéng tong téc do cao va nguwoc lai

= Cung cap nhiéu cau hinh mang phu hop voi cac yéu cau tng
dung cu thé khac nhau

= Cho phép nhiéu nha cung cap thiét bj va két noi lién mang
dwa trén nhirng khuyén nghi do ITU-T ban hanh




GHEP KENH PDH (3)

< Toc do bit ctia SDH ey
= Toc do bit phan cap SDH —_ 51,840 Mbps
co 6 muc; dwoc ky hiéu la
STM - Synchronous STM-1
Transmit Module OC-3 155,520 Mbps
= Mtrc O it dwoc str dung STM- 4
= C&c lubng nhanh PDH 0C-12 622,08 Mbps
dwoc ghép vao STM gom: S L i
« CEPT: 2Mb/s, 8Mbl/s, 2488,32 Mbps
34Mb/s va 140Mb/s OC-48
+ Bac MT: 1,5Mb/s, 6Mb/s STM- 64
va 45Mb/s 0C-192 9953,28 Mbps
= TM- 256 39813,120 Mbps
OC-768




GHEP KENH SDH (4)

< So do khc‘)li tiéu chuan bo ghép SDH
xN i

STM-N|e=— AUG :_‘_ AN VC-4 [ =i T i = e T e C-4
X3 X3 Xl
TUG-3 «— TU-3 4 VC-3 & —
\
| W
x1 LN e e C-3
STM-0 |« L AU-3 ... VC-3 j_
X7
<7 x1 , TU-2 <====: VC-2 = = - C-2
e
— TUG-2 &=—— TU-12 4..... VC-12 4= —  C-12
Cha thich: R.‘.
NEEEE, . ve-11fs s c1a

X@ ly con tré

Pudng ghép céc lubng nhanh PDH chau Au

N =1, 4, 16, 64 va 256

139,264
Mbps

44,736

342558

Mbps

6,312
Mbps

2,048
Mbps

1,544
Mbps




GHEP KENH SDH (5)

% Cau truc khung VC-3 va VC-4
F 85 cot i

A

P :
9dong | | o \Vung tal trong
H . 261 cot

125us
VC-3 POH Vung tai trong
9 dong

125us

- EEea




GHEP KENH SDH (6)

% Cau truc khung TU-n
TU-11 TU-12 TU-2

TU-3

9 rows

3 columns 4 columns 12 columns 86 columns







GHEP KENH SDH (8)

% Cau truc khung STM-1
= Thoi han khung la 125us
= S6 byte trong khung = 9 x 270 = 2430byte
* Rqm.1=2430byte/khung x 8bit/byte x 8.103s/khung = 155,52 Mbps

" 270 cot >
. = O 261 cot
RSOH T
Hang 4 AU-4 PTR Tai trong 9 hang

MSOH i




GHEP KENH SDH (9)

“* Nguyén ly ghép kénh SDH la ghép xen byte

STM-1 | | | |
SIGNAL “A™

C—
—

t

stma || | | -~
SenanE L eve | OO 000N OOOW
ML e [l | L 11 | R STM-4

(4 x STM-1)

S

Sy aaaa..
bbbb...
STM- #2 MUX dddd cccc bbbb aaaa ...
-
ool cccec.. 4/16 STM-16
dddd ...

STM- #4




GHEP KENH SDH (10)

<% Cau truc khung STM-N
= Thoi han khung la 125pus

Hang 4 N X AU-4 PTR

MSOH

L 270 cot x N
9 cOtxN 261 c6t x N
RSOH
Tai trong

9 hang




&

<% Sap xép ca

GHEP KENH SDH (11)

104 byte
500 ps

V5

RRRRRRIR

24 byte

!

26 byte

J2

CIC2ZOO000 IR

24 byte

N2

CIC2ZOO000 IR

24 byte

K4

CIC2ZRRRS1S2R

24 byte

26 byte

|

Sap xép khong ddng

bo

v

e & 1 |

24byte |26 byte

J2 l

[100000 R | T
24 byte | 26 byte

N2 l

[100000 R | I
24 byte £y

)

K4

——
26 byte

24 byte l

St G

c ludng 1544 Kbps vao VC-11

A

V5

P1P0S1S2S3S4FR

64 Kbps
Céc kénh 1-24

J2

b4

P1P0S1S2S3S4FR

64 Kbps
Céc kénh 1-24

N2

P1 P0S1S2 S3S4 FR

64 Kbps
Céc kénh 1-24

K4

P1P0S1S2S3S4FR

64 Kbps
Céc kénh 1-24

26 byte

l

Sap xep dong b theo byte




£

<% Sap xép ludng 2048 Kbps vao VC-12

140 byte
500 ps

GHEP KENH SDH (12)

V5

RRRRRRRR

32 byte

RRRRRRRR

T

35 byte

J2

CIC2ZOO0OO0O0ORR

32 byte

RRRRRRRR

|
|

35 byte

N2

CIC2ZOO0OO0O0ORR

32 byte

RRRRRRRR

35 byte

K4

C1C2RRRRRSI1

S21 111111

31byte

RRRRRRRR

|
I
|
I

l

35 byte

Sap xép khong déng bo

140 byte
500 ps

V5

RRRRRRRR

32 byte

RRRRRRRR

35 byte

J2

RRRRRRRR

32 byte

RRRRRRRR

35 byte

N2

RRRRRRRR

32 byte

RRRRRRRR

35 byte

K4

RRRRRRRR

32 byte

RRRRRRRR

l

35 byte

Sap xép dong bo

theo byte




GHEP KENH SDH (13)

% Ghép VC-4 vao STM-1
= C-4(+POH) >VC-4(+PTR) >AU-4 >AUG(+SOH) >STM-1

STM-1

RSOH :
1 byte 20 khéi 13 byte

PTR

MSOH

9 hang

A
LVC-4 POH 13 byte




GHEP KENH SDH (14)

261

S CHep S/ - & s ves o
vao STM-1 [ |
(AU-4) AUG [Lavsera vie

= C-3 (+POH) f———— 86x 3+3 = 261 cit
— VC-3 (+PTR)  vca4 . TR

A N 3 xVC-3

— TUG-3 «3 H s |s |s
— VC-4 (+PTR) i e BGA
— AU-4 I Eé VC=3
— AUG (+SOH) S
— STM-1 ve3 B

P N
0 c-3 3 hang




—‘L _
e ——

GHEP KENH SDH (15)

% Ghép 3 VC-3 vao STM-1 (AU-3)
= C3 (+POH) 55VE-3 (+PTR) - AU-3- S AUIG (4SOH) -5 STM:1

VC -3 g
+ 2 cOt don H

AU-3 H1 H2 H3 A H1 H2 H3 B H1 H2 H3 C

IO
IO

AUG H1H1H1H2H2H2H3H3H3 | A  BIc AIBIC|A AlB|IC




GHEP KENH SD

% Ghép 63 VC-12 vc4

vao STM-1
5 12 LR DD
— VC-12 (+PTR)
— TU-12
— TUG-2
— TUG-3
— VC-4 (+PTR)

e ALl o> AUG
(+SOH ) — STM-1

X

<

TUG-
3“

X

7

TUG-2

A

p
@)
H

——

H (16)

261 cot

63V

9 hang

125 ps

12 x 7 + 2 = 86 cét

125 ps

21V |
, 12 cot !
VIV IV
9 hang
125 ps
/]
9 hang

9 hang

125 ps
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GHEP KENH SDH (17)
< Ghép 3TU-12 vao TUG-2, ghép 7TUG-2 vao TUG-3

TU-12#1 TU-12#2 TU-12#3
1] 2| 3|4 1| 2|3|4 1| 2| 3|4
TUG-2 #1 TUG-2 # 7
1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 2 2 2 2 2 2 2 2
3 3 3 3| 3 3 3 i 3 3 3 3
1 Wi Mies 86
1 1 1 1 1 1
2 2 2 2 2 2
3 3 3 3 3 3
S|S 4 4 4 4 4
5 5 5 5 5
6 6 6 6 6
7 7 7 7 7




GHEP KENH SDH (18)

% Ghep 4TU-11 vao TUG-2, ghép 7TUG-2 vao VC-3

TU-11#1 TU-11#2 TU-11#3 TU-11#4

3

TUG-2 #1 TUG-2 # 7




GHEP KENH SDH (19)

% Vi tri va chlrc nang cua con tro
= Vi tri:

+ AU-4 PTR, 3 AU-3 PTR: 9byte, c6t 1 + 9, hang 4 cua khung
AUG

« 3 TU-3 PTR: 9hbyte, hang 1+3, cot 4+6 cua VC-4

» TU-n PTR (n=2, 12, 11): 3byte, ghép vao dau khung 1, 2, 3 cla
da khung TU-n twong &ng

= Chuc nang:
+ Pong chinh VC-n trong AUG/ TU-n twong rng
- Gia tri con trd chi thj vi tri byte dau tién cta VC-n twong rng
» Cac con tro hoat déng déc lap véi nhau




GHEP KENH SDH (20)

¢ Cau tao cua con tro
= AU-4 PTR, AU-3 PTR, TU-3 PTR
- AU-4 PTR gdm 9byte: H1 Y Y H2 1* 1* H3 H3 H3
- AU-3 PTR, TU-3 PTR gdm 3 byte: H1, H2, H3
+ Y =1001SS11; SS: chi thi con tré (10-PTR béac cao)
+ 1*=11111111; H3: byte chén am, byte ké sau H3: byte chén dwong
« H1H2 = NNNNSSIDIDIDIDID
- NNNN: c¢ s0 liéu méi: chi thi sw thay ddi gia tri ciia con tro khi c6 sw thay
doi cda tai trong;

— NNNN = 0110 binh thwéng

— NNNN = 1001: c6 sw thay ddi gia trj con tré
+ Chén dwong: 5 bit | ddo dau; Chén am: 5 bit D dao dau

3 byte chéJQ am
= =

H1 [Y |Y |H2 |[1* |1* |H3 |H3 |H3 -3bytechéndwong

Y = 1001SS11
"=11111111




GHEP KENH SDH (21)

¢ Cau tao cua con tro

e L\ LEZPIR 11 PIE 11111 LR

- Gom 3 byte: V1, V2, V3, chi thi vi tri dau cda da khung VC-n

(byte V5) trong da khung TU-n
Byte V4 du trir
Cau tao giong byte H1, H2, H3
TU-2 PTR: SS=00
TU-12 PTR: SS=01
TU-11 PTR: SS=11

H1/V1 H2/\V/2

= H1/V1 = NNNNSSID
N INININ[s s .D .D .D .D .D H2/V2 = IDIDIDID

K i giatricontré =




S
«©
c
D
<
&)
(&)
=
ko)
(92]

o
c
o)
=]

©
c

©
<
o
Q
=

e}

™

H1 H1 H1 H2 H2 H2 H3 H3 H3




< Danh so6 dia chi cac nhém byte cia VC-4
= TU-3 PTR; gia tri con tré: 0 0 0+764 764 764

GHEP KENH SDH (23)

= \ung tai trong cua 3 TU-3 trong VC-4: 9x255=2295 byte
= Nhém 3 byte c6 cuing dia chi, s6 nhom 3 byte: 2259:3=765

1

2

3

4

TOTDT

le

255 cot

261 |

595

0

84

679
680 764
0## 84 # # ‘
85 # # 169 # #
170 # # 254 ##9 hang
255 # # 339 # #
340 # # 424 # #
425 # # 509 # #
510 # # 594 # #
595 # # 679 # #
680 # # 764 # #




o cupkéwiTmevso

GHEP KENH SDH (24)
“ Panhsodiachicicbyte mommmwaT T

cua da khung TU-n (n=2, 78/105/321 St onli
12’ 11) 103/139/427
% fiLniPTR S
= Moi byte c6 mot dia chi 0
= Khi tinh gia tri dia chi, 25/34/106
khéng dém cac bytecon [T V8 |« Bytechénam
tr(’) Vl, V2, V3, V4 26/35/107 <—— Byte chén dwong
= Gja trj con tro: 51/69/213
« TU2-PTR: 0:427 - va ]
- TU12-PTR: 0+139 52/10/214
- TU11-PTR: 0+103
77/104/320

500 ps




GHEP KENH SDH (25)

% Hoat dong cua con tro
= Giam sat hoat ddong cla HT dé dong chinh do léch pha gitra TH
ghep (VC-n) va khung ghep (AUG/ TU-n,)
= Thwc hién dong chinh: khoi phuc sw dong bd gitra cac HT SDH:
chen byte
= Chen duwong:

» Tbc dd khung VC-n cham hon khung ghép AUG/ TU-n: chén céac byte
khéng mang thong tin vao vi tri cac byte sau byte H3/ V3
- Gia tri con tré sau chén dwong tang Ién 1; C4c bit | trong dao dau
= Chen am:
- Toc dd khung VC-n nhanh hon khung ghép AUG/ TU-n: chén céac byte
mang théng tin vao vi tri cac byte H3/ V3
- Gia tri con tré sau chén am gidm di 1; Cac bit D dao dau




GHEP KENH SDH (26)

“*Hoat dong cua con tro (t.t)

= Yéu cau: tbi thiéu trong 3 khung ghép lién tiép gia tri con
tro khoéng dwoc thay doi - gua trinh chen chi dwoc xay
ra cach nhau toi thiéu 3 khung

= Chay 1: Qué trinh chén khi sap xep cac ludbng nhanh
PDH vao C-n la do sw chénh Iéch vé toc dé bit gitra
dong hé HT PDH va HT SDH > khong lién guan dén
hoat dong cua con tro

= Chay 2: Qua trinh chen do hoat déng cua con tro xay
ra do dong ho cac HT SDH chwa hoan toan kh&'p nhau
> gay ra léch tdc dé gitra tin hiéu ghép va khung ghép




GHEP KENH SDH (27)

.~ Giatricontré (n) . 0110100000000111
H1..H2..H3 H3 H3 | Bat dau VC-4
Lnal nlnl nlnea] —-oommmmmmmmmme s
7 Giaticontré () ;  0110100000000111
H1..H2..H3 H3 H3 | Bat dau VC-4
| n-1 | n L nl nln#t] oo
.~ Giatricon tré (d3o 5 bit I) 1001101040101101
H1..H2..H3 H3 H3 ST S 1 Bt ady VC-4
‘ L nal nl nl n T

Ba byte chén dwong

~  Giatricon tré (n+1

H1..H2...H3 H3 H3

0110100000001000

| Bat dau VC-4

n+1f

Khung 1

125 ps

Khung 2

250 ps

Khung 3

375 ps




GHEP KENH SDH (28)

.~ Giatricontré (n)

01101000000001112

H1...H2...H3 H3 H3 @éu VC-4
n-1 n | n [ n | n+l [
7 Giaticon s (n) i 0110100000000111
H1. H2__H3 H3 H3 | Bt dAu VC-4
n-1 n | on | on |+l I

/ / Giatricon {

H1. .H2 T

Ba byte chen am

r

|

dao 5 bit D)

._— Bat dau VC-4

1001100101010010

n-1 | n-1 I n-1 |

n|n|n|n+1| """""""""""""""""

. Giatriconuré (n-1

Hi..H2 . H3 H3 H3

5 0110100000000110
: Bat diu VC-4
nail nal naal n I n | 0 lpaab---mmmmmem -

Khung 1

125 ps

Khung 2

250 ps

Khung 3

375 ps

Khung 4
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GHEP KENH SDH (29)

H1_LHL . HI '— Gia tricon tré (n)
H2 [H2 |H2 E
H ' Bat dau VC-3#1
R 0 | 0 | n [ ne
E 0110100000000110
H1_LHL . HI Gia tri con tré (n)
H2™ [H2 |H2
H3 H3 H3 w VC-3#1
Lo i PSS-S T -
0110100000000110
H1 _-H1 H1 Gia tricon tré (dao céc bit )
H2 __H2 H? J...........—  Bytechén dwong clia VC-3#1
, .—— BatdauVvC-3#1
L I .-
1001101010101101
H1 _LHL _HI Gia tricon tré (n+1)
H2 | H2 |H?
H H H Bat dau VC-3#1

B | | 1 | -+

01101000000001112

Khung 1

125 us

Khung 2

250 ps

Khung 3

375 ps

Khung 4



IO IO ITOT

IOT

GHEP KENH SDH (30)

Gia tricon tré (n)

lnilnalnail n I n | nf----mmmmmmmm-

Gia tricon tré (n)

lnilnilnal n [ n [ nf---mmmmmmm

0110100000000111

Giatricon tré (dao 5 bit D)

Bytechénam — ©  pBéatdauvc-3#1

nal nal nal n Il n | n | -mmmmmmmmmm -
1001100101010010

H1 JH1 [Ha
H2 |H2 [H2
H1 H1 |2
H2 | H2 |H2
H3 |H3 |H
H1 [H1 [ Hi1
Ve
H2 H2 H2
[ H3 |
H1 [H1 H1
Ve
H” lH2 lwH2

Gia tricon tré (n-1)

| Batdalvc3#

lnilnilnal n [ n [ n |-

0110100000000110

Khung 1

125 ps

Khung 2

250 ps

Khung 3

375 ps

Khung 4




GHEP KENH SDH (31)

% X ly con tro tai phia thu
= M®6i ludng nhanh co con tré two’ng trng chi thi dia chi cua n6 - tach
Iuong nhanh dwa vao con tré ma khéng can trai qua tat ca cac buoc
giai ghép lan lwot
= Trong HT SDH, tin hiéu thu dwoc sé dwoc chuyén vé dang cau trdc
khung va gia tri con tré dwoc bién dich sang vi tri toa dé trong khung
= Xac dinh vi tri VC-4 trong AU-4
- Giatri con trd 1a X, can xac dinh vi tri hang H, cét C trong khung
* H=round(X,87) + 4
« C =remain(X,87)*3
= Xac dinh vi tri TU-3 trong VC-4
« TU-3(KL M) K=123; L=0, M=0
- Gia tri con trd 1a X, can xac dinh vi tri hang H, cdt C trong khung
* H=round(X,85) + 3




GHEP KENH SDH (32)

% X ly con tro tai phia thu

= Xac dinh vi tri TU-2 trong VC-4
o TUDE ] N K=t 2 3 E1 7 N
-+ Giatri con tré 1a X, can xac dinh vi tri hang H, c6t C trong khung
* H = round[remain(X,108),12] + 3
¢+ C = 10+(K-1)+3*(L-1)+21*[X-(H-1)*12]

= Xac dinh vi tri TU-12 trong VC-4
.« TU-2(K,L,M); K=1,2,3; L=1+7, M=1+3
- Gia tri con tré 1a X, can xac dinh vi tri hang H, c6t C trong khung
* H = round[remain(X,34),4] + 3
+ C = 10+(K-1)+3*(L-1)+21*(M-1)+63*[X-(H-1)*4]

= Xac dinh vi tri TU-11 trong VC-4
© TU-3(K,L,M); K=1,2,3; L=1+7, M=1+4
+ Gia tri con tré 1a X, can xac dinh vi tri hang H, cét C trong khung
* H = round[remain(X,27),3] + 3
« C = 10+(K-1)+3*(L-1)+21*(M-1)+84*[X-(H-1)*3]




GHEP KENH SDH (33)

% Chirc ndng cua phan mao dau
* Cho phep xac dinh va tao ra cau tric khung SDH (dwa vao
cac byte déng bd khung Al)
= Cung cap céac byte canh bao dé giam sat viéc truyén dan di
liEéu
= Puwa ra cac trang thai canh bao
= Cho phép thwc hién cac hoat dong bao duwdng

= Cung cap chirc nang dinh tuyén (chuyén mach bao vé: byte
K1, K2 trong MSOH va K3 trong POH)
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KHAI NIEM DUY TRI MANG

«* Duy tri mang: khi mang truyen dan xay ra sw co thi van cé
kha nang tiép tuc cung cap dwoc dich vu (truyén tin van
thong suot)

= Thuc té, chi c6 99,999% kha nang la duy tri dwoc mang (thoi gian
sypco<5 phut/nam)

= Mét két ndi gitra nguon va dich: gdm nhiéu node mang va cap: cac
phan t&r nay cé thé bj héng

< D& dam bao duy tri dwoc mang: st dung ki thuat chuyén
mach bao vé

= Cé&c ki thuat bao vé thwong cung cap mét so dung luong dy triv
trong mang va khi co s c0 két noi sé dwoc dinh tuyén lai lwu lwong
bang cach sw dung dung lwong dw trir nay (con goi la phuc hoi)
< Do6i v&i mang toc dd cao: yéu cau phai tw phuc hoi khi co
sSw cO




CAC CAU HINH THIET BI

< PDH
= Pau cubi (TE)
= Xen ré (D/l)
= Lap (REG)

Tributaries

1.5 Mbit/s

2 Mbit/s

6 Mbit/s

34 Mbit/s

45 Mbit/s

140 Mbit/s
STM-1 Elect.
STM-1 Optical
STM-4 Optical
LAN / MAN
FDDI

ISDN / BISDN
ATM

Video

< SDH
= Dau cubi (TRM)

= Xen ré (ADM)
= Lap (REG)
= N&i chéo sb (DXC)

Aggregates

STM-1 (155 Mbit/s)
STM-4 (622 Mbit/s)
STM-16 (2.4 Gbit/s)
STM-64 (10 Gbit/s)




CAC CAU HINH THIET Bl SDH

TERMINAL SDH Equipment ADD-AND-DROP
ANERLRLE £ RN MULTIPLEXER
STh-M P STRA-B
B, REGENERATOR DM
" T
. Ei-Ed
ST
ETrA-KA
SYHNHCHROMOUS DIGITAL ADD-AMND-DROP MULTIPLEXER WITH
CROSS-CONMNECT LOCAL CRDOSS-CONMECT CAPABILITY
_EV-E4
I ETRA-I ZTRA-M

STha-R

SThH-N

SThi-h 5Tt
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CAC CAU HINH MANG SDH




BAO VE MANG SDH

< Mang SDH c6 nhiéu cau hinh da dang
< Nhiéu phwong thtre bao vé mang khac nhau

‘ Kha nang bao vé& mang rat cao

Pac biét 1a cAu hinh mang vong




BAO VE MANG SDH

< Khi xay ra sw c0 thi gua trinh chuyén mach bao
vé trong mang SDH dwoc thwe hién hoan toan
tw dong

- Chuyén mach bao vé tv dong APS
(APS. Automatic Protection Switching)




CAC DAC DIEM CUA CHUYEN MACH
BAO VE (1)
< Ché dé chuyén mach
= Pon huwdng (Un-direction)
= Hail huwdng (Bi-direction)
< Ché dé hoat déng
= Tr& vé (Revertive)
= Khoéng tr& vé (Non-revertive)
% Cac nguyén nhan can chuyén mach bao vé
= LOi tin hiéu (SF: Signal Failure): LOS, LOF, AIS,...
= Suy giam tin hiéu (SD: Signal Degrade)
= Poi phuc hoi (WTR: Wait To Restore)
= Yéu cau dao chiéu (RR: Reverse Request)




CAC PAC PIEM CUA CHUYEN MACH
BAO VE (2)

% Cac loai lwu lvong

= Lwu lwvong duwoc bao vé

= Lwu lwvong khéng dwoc bao vé

= Lwu lwvong me rong
< Yéu cau ddi véi chuyén mach bao vé

= Thoi gian phat hién 16i

= Thoi gian chuyén mach bao vé

= Pham vi bao vé

= Phuwong thirc chuyén mach bao vé

= Phwong thirc hoat dong

= Giao thtre va thuat toan




CAC CO CHE BAO VE TU DONG APS (1)

% Co ché APS 1+1

s

Hé thong hoat déng ‘ Hé thong hoat dong
___ MUX EIO ‘ S ~ E/IO MUKX
Hé thong bao vé Hé thong bao vé
I - -
MUX | E/O | S E/O | MUX
OLTM OLTM

““““
. .
u e
- ‘e
= +
e .

Head End Tail End
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CHUYEN MACH BAO VE TRONG MANG

SDH
% Chuyén mach bao vé doan ghép (MSP)

% Chuyén mach bao vé tuyén (PPS)
= Chu y: Thoi gian héi phuc ctia MSP cham hon so v&i PPS do can
xtr li hai byte K1, K2 trong MSOH

Protection Schemes




DOAN VA TUYEN

Poan ghép

Container ao
(K&t ndi POH)

Cac dich vu: =< IQIé’?:tn%!i IaRgOH)
iwﬂlségn@é?\lls"lzlphﬂdpli’ Thiét bi TRM, ADM, DXC
, B-ISE Ilh\ﬁ cac dic (K&t n6i MSOH)

AW A
vVu Kiiatc




TIN

% Cau tric SOH/ POH trong STM-N

Regenerator
Section
Overhead
(RSOH)

Multiplexer
Section
Overhead
(MSOH)

IEU QUAN Li VA BAO DUONG (1)

Section Overhead (SOH) Path
A Owverhead
Lo J1
A Al Ad Az Az A2 Reg. Sec. Path
Framing [ Framing Framing Framing Frarming Framing Trace Trace
E1
B1 Orde F1 B3
BIP-8 LA User BIP-5
o2
D1 D2 D3 Sigmnal
Datacom Datacom Datacom Label
Leh |
H1 Hz2 H3 Path
Al Pointer AL Pointer AU Pointer Status
B2 Ll w2 Fz2
BlP-24 MPS RrRDI User
H43
D4 DS D& Muilti-
Datacorm Dataconm Dataconm frame
D7 Dg D F32
Datacom Datacom Datacomm User
Do D11 D12 [ ]
Datacorm Datacomm Dataconm APS
=1 = — ran E2 M
Symch. Order- Tandem
Quality Growth Girawth REI wWire Cormn.
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TiN HIEU QUAN Li VA BAO DUONG (1)

< Chuyén mach bao vé doan ghép MSP
= MSOH: K1, K2 — Kénh CM bao vé twv déng APS

== = | ] = e | e e s e e o R

RibcBuiinus s e i e e e e S S S

| giam chat luong

011 — Dei hdi phuc g i g T
010 — Hoan thanh CM YeucduCM i INhandang | CHENEME - by Ofido i in
001 — Y/c tr& lai vi tri ban dau 10 — CM dau vong nOde  10-CM faumong. tE L e ——
000 — R&i R LM Eang o i SO Ehalg

* A > . A

s Chuyén mach bao vé tuyén PPS

= POH: K3/V5 — Kénh CM bao vé tw dong APS

|
111- CM bat buéc : = : . |Trang thai .
110 — Mét tin hiéu '(\)"U’CTL;;‘;! fien Nhan dang (F;/th;"i‘ 1b30 vé | 1111 — AIS doan |
101 — Giam chéat luong TH - ap kénh & : 110 — RDI i
100 — CM nhan céng o . | XXX — CM do suy .
|
|
|




BAO VE TRONG MANG VONG (1)

< Mang vong 2 soi don hwéng chuyén mach bao vé tuyén (UPSR-
2F: Unidirectional Path protection Switching Ring — 2 Fibers)




BAO VE TRONG MANG VONG (1)

< Mang vong 2 soi don hwéng chuyén mach bao vé doan (ULSR-
2F: Unidirectional Line protection Switching Ring — 2 Fibers)




BAO VE TRONG MANG VONG (1)

< Mang vong 2 soi song huéng chuyén mach béo vé doan (BLSR-
2F: Bidirectional Line protection Switching Ring — 2 Fibers)

ECéc kénh bao vé
Cac kénh hoat dong




BAO VE TRONG MANG VONG (1)

< Mang vong 2 soi song huéng chuyén mach béo vé doan (BLSR-
2F: Bidirectional Line protection Switching Ring — 2 Fibers)

&

A

A
. . Céac kénh bao vé
7 Cac kénh hoat dong
COE




BAO VE TRONG MANG VONG (1)

< Mang vong 4 soi song hwéng chuyén mach bao vé doan (BLSR-
4F: Bidirectional Line protection Switching Ring — 4 Fibers)




BAO VE TRONG MANG VONG (1)

< Mang vong 4 soi song huéng chuyén mach bao vé doan (BLSR-
4F: Bidirectional Line protection Switching Ring — 4 Fibers)

&
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-
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BAO VE TRONG MANG VONG (1)

% Mang da vong

Ll

14
M

‘Binh thudng

. — pres
gt LRIl ¥ ...................---y { i SR el a mn = n m m m a
o H G ISE = N
E _rO.. e T "‘E *
1 Cac a
: ! — lubéng : : D —
i A Ring E “Ran A Ring vl P e
- STM-1#1 { i 2/34 : STM- : —r"'_>
! : Mbpsl 1#2 :
E ST FORELE -‘q.--.J.I : é
D| e 1R :
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R G A K L ;
................. e =t TEEEEEEER. L ERT f sxnnajpnnannnnnndegeuannnnfunnnnnn e —
= = |—> -




BAO VE TRONG MANG VONG (1)

% Mang da vong

4l .
<

T T R

Ring
STM-1#1

i RXC
ﬁ
TE] i
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CAC PHUONG THUC
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CAC PHUONG THUC TRUYEN TAI SO LIEU (1)

< Dat van dé
= Céc cong nghé truyén dan trwdc day thwong toi wu cho lwu lweng
thoai va di¥ liéu kénh c6 huwdng (lwu lwong cha yéu)
= Lwu lwong cha yéu hién nay 1a goi dir liéu (IP) = cong nghé truyén
dan can co6 sw cai tién
= Cac dich vu cang da dang nén dang lwu lwgng cing da dang hon:
DVB, Fiber Channel, ESCON, FICON,...
“* NOI dung
= Truyén tai so liéu qua SDH
= |P/quang
= Cong nghé mang vong thé bai (Token Ring) va FDDI
= COng nghé Ethernet
= Co6ng nghé mang vong goi tw phuc hoi RPR




TRUYEN TAI SO LIEU QUA SDH

PDH

Y
MPLS

Y
>  VLAN

ATM

Y A
Két chudi lién ké

DVB

A
Ethernet

v L y
HDLC/PPP/LAPS

-

GFP-F | GFP-T

Y Y Y ¥
Két chudi 40

Fibre Chanel

ESCON

\\\

FICON




TRUYEN TAI IP/ QUANG

ATM IP IP




CONG NGHE TOKEN RING VA FDDI

“* Token RIng:

Standard IEEE 802.5 “Token Ring”

Trwéce khi truyén di, méi nhdm di liéu dwoc cap mot thé bai
(token=bit sequence)—->tao khung truyén dan

DPén noi thu, thé bai dwoc gidi phdng—>xo6a khung truyén dan
Truyén dan mot chiéu trong vong (upstream/ downstream)
Két ndi gitra cac node trong vong theo kiéu diém — diém
Phwong thire truyén dan: round — robin
Khong bi xung dét (no collisions)

St dung hiéu qua tai nguyén mang
Thoi gian dap trng nhanh




CONG NGHE TOKEN RING VA FDDI

+*» FDDI — Fiber Distributed Data Interface

= Token Ring cho mang LAN st dung s¢i quang = high

performance
Thé bai

Tién td SD

Khung

Tién t6 SD DA | SA Truodng tin FCS FS
Pham vi kiém tra I6i khung

< Cuc dai 4500 octet >

SD- Giéi han khai dau khung; FC- Biéu khién khung, 8bit;

DA- Dia chi dich, 16 hoac 48 bit: SA- Dia chi nguén, 16 hoac 48 bit;
FCS- Day kiém tra khung, 32 bit; FS- Trang thai khung;

ED- Gidi han cudi khung.




CONG NGHE ETHERNET

% Cong nghé chuyén mach géi wng dung cho mang LAN

*» Bang thong: 10Mbps, 100Mbps, 1Gbps

% Broadcasting = cau hinh mang phé bién: bus, star

s D Ijéu truyén dan trén mang phai dwoc dong goi theo
chuan Ethernet

“ Khuon dang khung Ethernet chung P s
7 byte 1 byte 6 byte 6 byte 2 byte 46 +1500 byte 4 byte

S
Piu dé [F) D_MAC_Addr S_MAC_Addr- S6 lieu khach hang MAC | FCS

[}
< »
) »

64 byte < kich c& khung < 1518 byt




CONG NGHE MANG VONG GOl
TY PHUC HOI (RPR)

% Cau hinh vong dwa trén I&p MAC
= Standard IEEE 802.17

—_—
—

< Dac diém co ban: . /-\

* D@ liéu truyen trénvong & T R§§2L§t‘t

theo hai hwong nguoc chieu Ring

nhau va co thé tach/ xen tai

tat ca cac node

= Quan li bang thong tot:
* Tai str dung bang thong
« Thuat toan can bang Iwu lwong

= Co ché phuc héi nhanh: (<50ms)

= Dich vu da dang:

« H6 tro cac dich vu téc do cb dinh hoac thay doi
+ Giam tre doi v&i cac trng dung thoi gian thuc




CONG NGHE MANG VONG GOl
T PHUC HOI (RPR)

Céc lop m6 hinh
tham khao OSI

Ung dung

Céc l6p RPR
Céc lop cao

Trinh dién

/| Piéu khién tuyén logic (khach hang MAC)

Doan

Truyén tai

DPiéu khién MAC

Fairness Topology OAM
va bao vé

Mang

Tuyén sé liéu

Vatly

Tuyén s lieu MAC

Moi trwong

Giao dién dich vu
MAC

Giao dién dich vu
PHY




CONG NGHE MANG VONG GOl
TWY PHUC HOI (RPR)

Cust
meries  5Gp_ terfes  RPR x
SPPPETTTIL Lk Ehbhiily > Edge 3 i
& B 10Gh
> RPR
Working and Protect ed

10Gb RPR Paths

Customer
I Interfaces

gy
B
Fully loaded RPR ring * Traffic from Edge 3 to Edge 4
e Traffic from Edge 1 to Edge 2 RPR e Traffic from Edge 4 to Edge 1
* Traffic from Edge 1 to Edge 3 Core 5 * What happens after a cut

 Traffic from Edge 2 to Edge 3 between Edge 2 and Edge 3




CONG NGHE MANG VONG GOl
T PHUC HOI (RPR)

< Co ché bao vé Wrapping

........ Customer Customer
RPR % interfaces Interfaces RPR X
10Gb * Edge 2+ €3,
“.‘. - o ‘ ..... JM Cut
e E3 10

Working and Protect
10Gb RPR Paths

Customer
Interfaces /




CONG NGHE MANG VONG GOl
TY PHUC HOI (RPR)

< Co ché béo vé Steering

Customer Customer

RPR Interfaces Interfaces RPR X
Edge 2 €5 e3
- g - €§_ —~ ' \ EGb. Cut
= — = 3
RERT cut

Working and Protect Cif ed
Customer /‘ ~ ' Paths ‘#Custémer
Interfaces Elnterfzices
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Tin hiéu va Hé thong &ﬂ

= Tin hiéu (t/h)
+bai lugng vat ly bién thién theo thdi gian, theo khong
gian, theo mot hodc nhiéu bién doc lap khac
» Am thanh, tiéng ndi: dao ddng song ~ thdi gian (t)
» Hinh anh: cuGng d0 anh sang ~ khong gian (x,y,z)
» Dia chan: chan dong dia ly ~ thdi gian

+Biéu dién todn hoc: ham theo bién déc 1ap
o u(t) =2t2-5
o f(Xx,y) = x2— 2Xy — 6y?2
» Cac t/h tu nhién thudng khong biéu dién dugc bdi mot ham sg
cap
= Ham xap xi cho cac t/h tu nhién

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



u va Hé thong BX
.

= Hé thong (h/t)
+Thiét bi vat ly, thiét bi sinh hoc, hoac chuadng
trinh thuc hién cac phép toan trén tin hi€éu nham
bién dodi tin hiéu, rat trich théng tin, ...
+Viéc thuc hién phép toan con dugc goi la xu' ly
tin hiéu

+Vidu
» Cac
» Cac
» Cac

b0 loc t/h
b0 trich dac trung thong tin trong t/h

b0 phat, thu, diéu ché, giai di€u ché t/h, ...

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



a_1i tin hiéu, hé théng {1
i

= T/h da kénh — T/h da chiéu
+T/h da kénh: gom nhiéu t/h thanh phan, cung chung mo
td mot d6i tugng nao do (thudng dudc biéu dién dudi
dang vector)
» T/h dién tim (ECG — ElectroCardioGram)
» T/h dién nao (EEG — ElectroEncephaloGram)
e T/h anh mau RGB
+T/h da chiéu: bién thién theo nhi€u han mot bién doc lap
e T/h hinh anh: ~ (X, y)
e T/h TV trang den: ~ (x, y, t)
+Co t/h vua da kénh va da chiéu
e T/h TV mau

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



Phan loai tin hiéu, hé thong

= T/hLTTG

+T/h dugc dinh nghia tai
moi diém trong doan
thoi gian [a, b]

+Xx(t)

2

1.8

1.6

14}

121

1t

15 2 2.5 3 3.8 4 4.5 %)

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

= T/h RRTG
+T/h chi dugc dinh nghia
tai nhirng thai diém roi
rac nhau
+x(n)

1.8

1.6

1.4

it

0EF

0.6

0.4

02

a 1 2 3 4 5 ] 7



Phan loai tin hiéu, hé thong &

.
= T/h lién tuc gia tri = T/h rdi rac gia tri
+T/h c6 thé nhan tri bat +T/h chi nhan tri trong
ky trong doan [Ymin, mot tap tri rdi rac dinh
Ymax] truGc

15 2 2.5 a 3.5 4 4.5 5 0 0.5 1 1.5 2 2.5 3 3.8 4 4.5 5

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



Phan loai tin hiéu, hé thong &

= T/h LTTG, lién tuc gia
tri
+T/h tuong tu (analog)

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

. N

= T/h RRTG, rdi rac gia
tri
+T/h so (digital)

&

4.5

‘q__

1+
05
0

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5




Phan loai tin hiéu, hé thong &ﬂ

i
= T/h ngau nhién = T/h tat dinh
+ Gia tri cua t/h trong + Gia tri t/h & qua kh,
tuong lai khdng thé biét hién tai va tucng lai déu
trudc dugc dudc xac dinh ro
+ Cac t/h trong tu nhién +T/h c6 cong thic xac

thuéng thudoc nhdm nay dinh ro rang

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



Phan loai tin hiéu, hé thong .?“

. N

« H/txr ly t/htuong tu = H/t xr ly t/h s6

th tU’LgAt_U: Hé théng . !' Hé th'c“'mg t/h SO
twong tw t/h twong tw t/h sd sO :

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 9



i

= H/t xU' ly t/h sO
4+Co thé 13p trinh dugc

+Dé mé phong, ciu hinh - san xuét hang loat véi
do chinh xac cao

+Gia thanh ha
+T/h sb dé luu trir, vAn chuyén va sao luu

Nhugc diém
+Kho thuc hién vdi cac t/h co tan so cao

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 10



Tan soO &ﬂ

= T/h lién tuc thai gian
+ Tan soO lién quan mat thi€t vGi dao dong dieu hoa (harmonic
oscillation) dugc mo ta bdi cac ham sin
+ Xét thanh phan t/h cg ban

x,(t) = ACos(Qt + 0), —0o< t < 4+
A : bién do t/h
Q = 2nF : Tan s6 goc (rad/s)
F : Tan sO - chu ky/s — (Hz)
0 : Pha (rad)
T,=1/F : Chu ky (s)

+ 3 dac trung cd ban
1)VGi F xac dinh, x,(t) tuan hoan véi chu ky: T, = 1/F
2)Tan s khac nhau thi hai tin hiéu sé khac nhau
3)Khi F tang thi hé s6 dao dong tang

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 11



Tan soO &

= T/h rGi rac thai gian
+ Xét thanh phan t/h cg ban

X(n) = A Cos(wn + 0) -0 < N < +w
n : chi s6 mau (nguyén)
A : bién do )
o = 2xf : tan s (radian/mau)
f : tan sO (chu ky/mau)
0 : pha (rad)

+ 3 dac trung cd ban
1) x(n) tuan hoan < f la s6 hitu ti
2) Cac t/h cd tan sO o cach nhau mot boi 2z la dong nhat nhau
3) Hé so dao dong cao nhat cua x(n) khi: o==n (hay o=-r), tlc
f =1/2 hay -1/2

DSP - Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 12



Tan so gEKQ‘

= Khoang tan so
+T/h LTTG
—0< Q < 4w
+T/h RRTG
®: mot doan 2x bat ky, thuong w: [0, 2n] hoac [—=x, =]

= T/h mi phuc

+LTTG
 Co ban: s (t) = eoikﬂot vGi k: nguyén
" TONG RGPy (1)= 3 ¢, (1)
k=—o0
+RRTG
» Cd ban: s (n) = eken @y = 2xf,, f;=1/N

e TA . N-1
TONG R 4 my= S e,s,(n)
k=0

DSP - Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 13



Qua trinh rai rac hoa

. x,(t) :LTTG, LTBD
- x.(n) : RRTG, LTBD
+ x4(n) : RRTG, RRBD

- x(n) : RRTG, RRBD

» Sai s0 lwong tir e (n) = x,(n) — x,(n)

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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roi rac hoa CEKQ‘

. N
= L&y mau
+ Do dac t/h x,(t) tai nhitng thdi diém rdi rac, thudng la cach déu nhau
t = nT, (n: nguyén)
X{(n) = x,(nT,) vai —0 < N < o
T, + chu ky 18y mau
F. = 1/T, : tAn s8 &y mau
+ L&y mau t/h co ban: x,(t) = ACos(2nFt + 6)
> Lay mau >
x,(t) = ACos(2nFt + 0) x{(n) = ACos(2nFnT + 0)
= ACos(2n[F/F |n + 0)
= ACos(2nfn + 0)
+ Quan hé gilra tan so6 F cla t/h tuong tu va tan so f cia t/h RRTG
f = F/F,
+ Rang budc: h<f<h e -2 < F/F< V2 < -F/2 < F < Fy2

DSP - Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 15



Qua trinh roi rac hoa .?m

. N

= Vi pham rang budc - Hién tugng xen phu
+ Viducho 2t/h x,(t) = 3Cos(20xt)
X,(t) = 3Cos(220xt)
ldy mau x,(t) va x,(t) véi F, = 100Hz
X4(t)

X,(n) = 3Cos([20/100]mn) X,(n) = 3Cos([220/100]mn)
= 3Cos(ntn/5) = 3Cos([11/5]mn)
=3Cos([(10 + 1)/5]nn)

\/

x(n) = 3Cos(ntn/5)

ai tin hiéu
cho cung
mot két qua

DSP — Lecture 1, © 2007,Or. Dinh-Duc Anh-Vu — CSE 16



rgi rac hoa B
= TOng quat cla hién tugng xen ph

Xo(t) = ACos(2nF,t + 0)

X, (t) = ACos(2nF t + 0)VvGi F, = Fy + kF, (ki nguyén)

VGi tén s6 18y mau F, cac t/h trong ho x,(t) cho
cung két qua nhu x,(t)

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 17



Jua trinh roi rac hoa &ﬂ

= Dinh ly 18y mau
+x,(t)cotansélGn nhatlaF. ., =B

+N&u 18y mau x,(t) v8i tan s6 F, > 2F.__ = 2B, thi c6 thé
phuc hai x,(t) ma khong bi mat thong tin

+ Cong thuc phuc hoi
» Ham noi suy g(t) = [Sin(2nBt)]/(2nBt)

o x,(n) : két qua 18y mau
« T.=1/F,  :chuky mau
X,(t)= Y x,(nT,)*g(t—nT))
N=—o0

(CM : xem chuong 4)

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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rgi rac hoa

= Lugng tu
+ Qua trinh rdi rac hoa bién do
+ Phuang phap: lam tron hay cat bo
+ Qui udc:
e L s6 muec lugng tur

* Y aw Ymin: tri 16N nhat va nho nhat cua t/h
* A: budc lugng tur

A= (Ymax = Ymin)/(L-1)

Sai sO lugng tu:

e Lam tron: | e4(n) | <=A/2
o Cat: | eg(n) | < A

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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Qua trinh rai rac hoa B

= Ma hoad

+Phép gan mot con s& cho moi mrc lugng tur
+Né&u moi murc biéu dién bdi b bit nhj phan thi:
20 >=|
hay
b >= ceil(log,L)
ceil: ham lay sO0 nguyén can trén (Matlab)
+Vidu
L =100thi b>=7
oL =256thi b>=8

DSP — Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 20



lién tuc hoa B

= Qua trinh tai tao tin hiéu LTTG tu t/h RRTG
= Cac phuang phap

+ B0 xap xi zero-order

+ B0 xap xi first-order

+ B0 xap xi bac cao + bd loc tuong tu’

DSP - Lecture 1, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 21



» P B ~ - = BK
DSJJ ap va thao Iuan TP.HCM
i

Bang Matlab hay thuc hién:
Cho t/h: x,(t) = 4Cos(200xt — n/6) + 20Cos(300xt — /3)
1) Ve & dang lién tuc trong 4 chu ky
2) Lay mau x,(t) vGi cac tan so lay mau sau day:
F.= 100, 200, 300, 400, 500, 600, 800, 1200
VE cac t/h r0i rac thai gian tuong Ung
3) Luogng tUr cac mau ¢ cau 2) vai so bit la: 4, 8, 16
a) Ve t/h sau lugng tu
b) Ghi vao file day so da lugng tur tu 1 chu ky cua t/h

4) Tim hi€u cac ham dé md cac tap tin am thanh,
hinh anh va hién thi ching
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&g‘
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= Tin hiéu RRTG
+ Cac t/h co ban
+ Phan loai t/h
+ Cac phép toan cd ban
= Heé thong RRTG
+ MO ta vao-ra
+ M0 ta sa do khoi
+ Phan loai h/t RRTG
= Phan tich hé LTI trong mién thai gian
+ Phan giai t/h RRTG ra dap Ung xung dan vi
+ Tich chap va cac thudc tinh
+ Biéu dién ham dap (ng xung don vi cho hé: nhan qua, 6n dinh
+ Hé FIR, IIR

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



ng (2) P8

= Phuong trinh sai phan
+ LTI va phuadng trinh sai phan tuyén tinh hé s6 hang
+ Giai PTSPTT HSH
+Dap Ung xung dan vi cua h/t dé qui LTI
= Hién thuc hé RRTG
+ Cau truc truc ti€p dang 1
+ Cau truc truc tiép dang 2
= Tuong quan gilra cac t/h
+ Tudng quan va tu tueng quan
+ Thuoc tinh cua tucng quan
+ Tucdng quan cua cac t/h tuan hoan
+ Giai thuat tinh su’ tuong quan

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



= Gidi thiéu

+ Ky hiéu: x(n), n: nguyén

+ x(n) chi dudc dinh nghia tai
cac diém rdi rac n, khong
dugc dinh nghia tai cac diém
khac (khong c6 nghia la x(n)
bang 0 tai cac diém do)

+ x(n) = x,(nT).

(T.: chu ky mau)

+ n: chi s& ctia mau tin hiéu,
ngay ca khi t/h x(n) khong
phai dat dugc tu’ Iay mau t/h
X,(t)

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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o N

Tin hieu

= Mot s6 dang biéu dién

1) Dang ham ) Figure 1 H(=13
. 1, n — 1, 3 File Edit View IErt Tools Deskbop '-.-':-'indnw Help -
X(n)= 4,n=2 DEH%|E|@&@@ED@ B O
0, n khac e
2) Dang bang >0
n |.-2-1012345.. 3t
x(n)]...0 0014100... 25|
~ 2_
3) Dang chuoi ol
1: chi vi tri n=0 |
{...,0,?,1,4,1,0,0,...} t/h vo han b [ [
056+
{0,0,1,4,1,0,0} t/h hCtu han N . =
T -1 0 1 2 3 4 5

4) Dang do thi
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Tin hiéu RRTG co ban &

= T/h mau dan vi

J Figure 1

(Xung ddn Vi) File Edit Yiew Insert Tools Deskbop Window Help e

D Hs|(kRaRaMms | 08| s O

+ Ky hiéu: 5(n) ’ .
+Dinh nghia: 0s)

0.8

1 n=0 07|
o(n)= ool
0 nx0 L

0.4t

0.3

0.2t

01t
S
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Tin hiéu RRTG co ban &

_l

= T/h buGc don vi

J Figure 1

+ Ky h iéu . U(n) File Edit Yiew Insert Tools Deskiop Window Help e "
]

D dS|(haRamas| € 08| = O

+Dinh nghia: . -

1 n=>0 |
u(n)= =
0 n<O 07}

06}
0.5}
04t
03}
0.2}

0.1}

0=
-3

i
M-

i
—h
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Tin hieu RRTG co ban

_l

= T/h doc don vi
+ Ky hiéu: u.(n)
+Dinh nghia:

n n>0
UM=10 n<o

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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'RTG co ban

= T/h mi
+Dinh nghia:  x(n) = a", vn
+Hang so a
* a: thuc — X(n): t/h thuc
 a: phuc —>a=red

— X(n) = rekn
= r"(coson + jsinon)

2 cach biéu dién

Xg(N) = r"coson
X{(n) = r"sinbn

D L
ZX(n) = 6n

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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Tin hieu RRTG cc ban BK

_l

). Figure 1 E)B)6X) g - Figure 1 EBX]
Fil= Edit “iew Insert Tools Deskiop ‘Window Help ™ File Edit Yew Insert Tools Desktop Window  Help u
DS | KMARaTOe € 0H =0 DedES kA8 |E 0 80
oy - . o - . y
T/h mu x(n)=a" (vai a=0.9) T/h mu x(n)=a" (voi a=1.5)
25! T giam dan khi n tang 50/ tAng dan khi n tang
*
+
2 . 40+ -
*
151 + 30}
+
& +
*
1 ¥+ 20¢
05} [ [ 10} [
0 IITT D******ﬂ.&******fTTT
-10 -5 0 5 10 -10 -5 0 5 10
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Tin hieu RRTG cc ban

_l

) Figure 1 (=169
File Edit “iew Insert Tools Deskiop Window  Help .
DedE | kRRAO® E 08 5O
7000 ¢
x.(n) = (1.5)"cos(nn/10) +
6000 | +*
E
5000 =
4000
*-
3000
2000
1000} I
O+ *T #
1000 ] ] ] 1 I
0 L3 10 15 20 25

) Figure 1

File Edit Yew Insert Tools Desktop  Window  Help

BK

TP.HCM

EEX

NeEHE (MRQAM® €| 08| = O

14
-
0.8
0.6 K

0.4 H

x.(n) = (0.9)"cos(ntn/10)

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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ai tin hiéu RRTG P,

= T/h nang lugng va t/h cong suat
+Nang lugng cua t/h x(n) 10
E = Z\x(n)‘2

» Néu E, hitu han (0 < E, < ©) — x(n): t/h nang Iu’dng
+Cong suat TB cua t/h x(n)

N>

e Néu P, hitu han (0 < P, < o) — x(n): t/h cong suat
+Nang lugng t/h trén khoang [-N,N] E, - Z \x(n)\

» Nang lugng t/h =limEx "=
N—>wo
n n 1
e Cong suat t/h P =i E
IN'ED ON+1 "

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 12



Phan loai tin hiéu RRTG BX

= T/h tuan hoan va khong tuan hoan
+x(n) tuan hoan chu ky N < x(n+N) = x(n), ¥n

+Nang lugng
* Hifu han néu 0 <n <N -1 va x(n) h@tu han
e VO han néu —wo < n < 4o

+Cong suat hitu han
p 1 2
_N;X(”)‘

= T/h tuan hoan la t/h cong suat

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 13



Phan loai tin hiéu RRTG BX

= T/h dGi xing (chan) va bat doi xung (le)
+Cho t/h x(n) thuc
e x(n) = x(=n), ¥n — t/h chan
* X(n) = —x(-n), ¥vn — t/hlé

+BA4t ¢ t/h nao cling dudc biéu dién
X(n) = x(n) + X,(N)

e Thanh phan t/h chan  x.(n) = (2)[x(n) + x(-n)]

» Thanh phan t/h I& x.(n) = (V2)[x(n) = X(=n)]

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 14



Ii/hiRRTG: Cac phép toan cc ban =

= Cac phép toan ca ban
+Delay . |am tré (TD)
+Advance : lay trudc (TA)> Eigipd%if Tégé(ithc‘yi gian)
+Folding : dao (FD)
+Addition : cOng
+Multiplication : nhan
+Scaling : CO gian

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 15



= Bién dodi bi€n doc 1ap (thdi gian)
+ Phép lam tré: dich theo thdi gian
bang cach thay thé n bdi n—k
e y(n) = x(n—k)  Vk >0
» y(n) la k&t qua cla lam tré x(n)
di k mau
» Trén do thi: phép delay chinh la
DICH PHAI chu0i t/h di k mau
Lam
+ Phép lay trudc: dich theo thdi tré
gian bang cach thay thé n bdi
n+k
e y(n) = x(n+k) vk >0
 y(n) la két gua cua lay trudc
x(n) di k mau
» Trén do thi: phep lay trugc
chinh la DICH TRAI chudi t/h
di k mau

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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= Bién dodi bi€n doc 1ap (thdi gian)
+ Phép dao: thay thé n bdi —n
* y(n) = x(=n)
* y(n) la két qua cua viéc dao tin
hiéu x(n)
» Trén do thi: phép folding chinh
la PAO do thi quanh truc ding

+ Phép co gian theo thdi gian:
thay thé n bdi pn (U nguyén)
e y(n) =x(un) i nguyén
* y(n) la két qua cua viéc co gian
t/h x(n) hé s6 p
» Phép tai Idy mau néu t/h x(n) c6
dugc bang cach lay mau x,(t)

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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Ii/hiRRTG: Cac phép toan cc ban =

Cho hai t/h x,(n) va x,(n) n: [—co,+00]

= Phép cong
y(n) = Xy(n) + xx(n)  n: [-00,+00]

= Phép nhan

y(n) = X;(n).Xy(n) n: [—oo,+00]
= Phép co gian bién do

y(n) = axy(n) n: [—co,+0o0]

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 18



= Gidi thiéu
+Tin hiéu da chuyén sang dang biéu dién s6 = Can thiét
k& thiét bi, chuang trinh dé xr ly nd
+Hé thong RRTG = thiét bi, chucng trinh noi trén

4 4 4 ¥
3 x(n) + 4 34 + y(n)
2t { - 2t { :
;;TM [T L1 MH'
5 0 5 i 5 0
. g Hé thong RRTG ) >
Tin hiéu vao Tin hiéu ra
(Tac dong) (dap wng)
x(n) y(n) = T[x(n)]

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



G: Mo ta quan hé vao-ra &ﬂ

. N

= Chi quan tam moi quan hé vao-ra
= Khéng dé y dén kién tric bén trong cla hé
= Xem hé nhu' la

y(n) = T[x(n)]

= Vidu bd tich Ity y(n) => x(k)

= nix(k)+ x(n)
=y(n-="1)+x(n)

Néu n > n, (chi tinh dap ’ng tur thai diém ny),

— y(np) = y(ng — 1) + x(n,) ,
y(n, — 1): diéu kién dau, bang tong cac t/h ap lén h/t trudc thai diém n,
Néuy(n,—1)=0

— h/t & trang thai nghi (khdng cé tac dong truGc n,)

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 20



K&t ndi cac khdi phan tr co ban

+ BO tré don vi

g Y= XD

+ BO tién daon vi

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

Mo ta so do khoi

CEKQ‘
TP.HCM

. i

+ BO cong

X4(n)

y(n) =X1(r:)+X2(n)

X,(N)
+ BO co-gian

X g2 () = ax()
+ B0 nhan

X4(n)

\. y(n) =X1(n).X2(£1)
X,(N)

Dau * dung dé chi mot phép
toan khac — tich chap (ndi sau)

21



H/t RRTG: M6 ta so d6 khoi P8

= Vidu
+ M0 ta bang sc do cau truc cho hé cé quan hé vao ra sau:
y(n) = 2x(n) — 3x(n—1) + 1.5y(n—-1) + 2y(n—2)

+Dac ta diéu kién dau cua hé: {tri cac 6 Z1}

x(n) _DZ 3 3 y(n)
E LB
R ®—<t—
71
2

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 22



TG: Phan loai &ﬂ

. N

4

= MOt hé thong dugc goi la co tinh_ chat X néu tinh chat X
thoa man cho moi tin hieu vao cua he thong do
= Hé dong — hé tinh
+ He tinh i
» Ng0 xudt chi phu thudc cadc mau 6 thai diém hién tai (khong phu thude
mau tucng lai hay qua khw)
» Khong dung bd nhé
= Khong xuat hién cac 6 Z1 trong s d6 khoi
= Khong xuat hién cac x(n—k) hay y(n—k) trong quan hé vao ra

+ Hé dong i
» Ngd xuét tai thdi diém n phu thudc cdc mau trong [n—-N, n] (N > 0)

Hé co dung bd nhé

= CO xuat hién cac 6 Z-1 trong sc do khoi

= CO xuat hién cac x(n—k) hay y(n—k) trong quan hé vao ra
N=0 — h/ttinh
o>N>0 — h/tcdbdnhd hiiu han
N = — h/t co bo nhé vo han
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H/t RRTG: Phan loai B

= HE bién thién va bat bién theo thai gian
+Heé bat bién theo thdi gian
» Pdc trung vao-ra khdng thay doéi theo thdi gian

» Dinh ly: -
HE nghi T la bat bi€én néu va chi néu  x(n) > y(n)

= XxX(h—-k) I > y(n — k) vx(n),vk

+He bién thién theo thdi gian
» Hé khong c6 tinh chat trén
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r : Phan loai CEKQ‘

. N

= HEé tuyén tinh va phi tuyén
+ Hé tuyén tinh
» Hé thoa nguyén ly xép chong
e Dinh ly:
Hé 1a tuyén tinh néu va chi néu:
Tla;x;(n) + ayx,(n)] = a;T[x,(n)] + a,T[x,(n)]  Va;, vx(n)
 Tinh chat co gian:
néu a, = 0 — T[a;x,(n)] = a,T[x,(n)]
 Tinh chat cdng:
néu a; = a, = 1 — T[xy(n) + xy(n)] = T[x,(n)] + T[x,(n)]

+ Hé phi tuyén
» Hé khong thoa man nguyén ly xép chong
y(n) = T(0) # 0
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H/t RRTG: Phan loai B

= Hé nhan qua va khong nhan qua
+HéE nhan qua
» Hé chi phu thudc cac mau hién tai va qué khd, khéng
phu thudc cac mau tucng lai
» Dinh ly:
HE T dugc goi la nhan qua néu nhu dap Ung tai n, chi
phu thudc vao tac dong tai cac thoi diém trudce n, (vi

Y(n) - F[X(n)l X(n_l)l X(n_z)l ]

+Hé khong nhan qua: hé khong thoa dinh ly trén
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H/t RRTG: Phan loai

AN N

= Hé 6n dinh va khoéng 6n dinh
+Hé on dinh
» Dinh ly:

Hé nghi dugc goi la BIBO 6n dinh néu va chi néu moi
ngd nhap hitu han sé tao ra ngd xuat hitu han

vx(n): |x(n)| <M, <0 — |y(n)| = | TIx(N)]| <M, < =
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. RRTG: Két néi P,

= CO thé két ndi cadc hé RRTG nhd, cd ban, thanh cac
hé th8ng phirc tap hon e

x(n) y4(n) .y(n)
= Hai cach két noi - T - T, -
+NGi tiép - S —
yy(n) = T4[x(n)] y(n) =T[TxmI
y(n) = T,[yy(n)] = T [x(n)] vai T, =T,T,

o ThU ty két ndi la quan trong T,T, # T T,
o Néu T1, T2 tuyén tinh va bat bién theo thdi gian
= T.=T,T, bat biéh theo thdi gian §giw sy

= T, T, =T,T, i T il .
+Song song X(n) : y(n)
y(n) = Tyx(n)] + T,[x(n)] ; y,n) |

= (T, +T)x(n)] | T2

= T,[x(n)] L R B B
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n tich h/t tuyén tinh &'g‘

. N

= Ky thuat pNhén tich h/t tuyén tinh
+ Biéu dién quan hé vao/ra béng phu’dng trinh sai phan va giai no

+ Phan tich t/h nhap thanh tong cac t/h cd s@ sao cho dap ung cua h/t doi vai
cac t/h cd sa la xac dinh trude. Nhg tinh chat tuyén tinh cua h/t, dap ung
cla h/t d6i véi t/h nhap dan gian bang tdng cac dap U'ng cua h/t vdl cac t/h
cao sG

= Phangidit/hnhdp  x(n)=> c,x,(n)
k

gia sty (n) = T[x(n)]
y(n) =TI[x(n)]
— T[chxk(n)]

= Z C, T [x, ()]

= y(n)= chyk(n)
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_ Phan giai t/h nhap P8

. N

= Phan giai t/h nhap ra dap i'ng xung dan vi
+ Chon cac t/h thanh phan cg sé X, (n) = 8(n—k)
+Tacd  x(nN)d(n—k) = x(k)d(n-k) vk
+ Bidu thic phan tich t/h x(n) x(n)= > x(k)5(n-k)
K=—00
+ Vidu: x(n) ={2 4 IE 1}

thi Xx(n) = 20(n+2) + 40(n+1) + 36(n) + 6(n-1)

= Pap ’ng cua h/t LTI vdi t/h nhap bat ky: tich chap i
+ DPap Ung y(n, k) cta h/t véi xung don vij tai n=k dugc biéu dién bang h(n, k)
y(n, k) = h(n, k) = T[d(n—k)] —0 < k < o0
 n: chi s6 thdi gian
» k: tham s6 chi vi tri xung don vi
+ NEu t/h nhap dudc co gian hé so ¢, = x(k), dap ung cua h/t cling co gian
c.h(n, k) = x(k)h(n, k)
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Tich chap CEKQ‘

. g
= Tich chép y(n) =T[x(n)]
o) - yin) _T[kZZO K)s(n — k)]

= S X(K)T[5(n— k)]
= S x(k)h(n,k)

+ Biéu thdc trén ding vdi moi h/t tuyén tinh nghi (bat bién hodc bién thién)
+ DBi vdi hé LTI, néu h(n) = T[5(n)] thi h(n—k) = T[5(n—k)]

= Y x(kh(n-k)

+ H/t LTI dugc ddc trung hoan toan bang ham h(n), trong khi h/t tuyén tinh
bi€n thién thdi gian yéy cau mét sé v6 han cac dap ('ng xung dan vi h(n, k):
moi ham h(n, k) cho moi thdi gian tre

DSP - Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 31



H/t LTI — Tich chap BX

= Cach tinh ngd xuat cla h/t tai mot thai diém n,

o0

y(ng)= 2 x(k)h(n, k)

k=—0

=

Pao: h(k) — h(—k): d6i xi'ng h(k) quanh truc k=0
2. Dich:  h(—k) = h(=k + n,) : dich h(=k) di mét
doan n, sang phai (trai) néu n, ducng (am)

Nhan: v (k) = x(k) h(=k + n,)

4. COng: tdng tat ca chudi v, (k)

W
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H/t LTI — Tich chap BX

= Trong biéu thirc tich chap, néu thay m=n—k (tic
k=n—m), ta co

o0 o0

y(n)= > x(n—m)h(m)= > x(n—k)h(k)

m=—o0o K=—c0

+Cong thc nay cho cung két qua nhu cong thurc tich
chap, nhung thi tu tinh toan khac nhau
+N&u v (K) = x(K)h(n—k) }
k) = _
W (K) = x(n—k)h(k) | Vot = Wal(n=K)

= )= Y v,(= Y w,(n-k)

K=—o0 K=—o0
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LTI: h(n)

TTTTTT

y(n)

h(n) : Ham dap irng xung don vi cua h¢ LTI

y(n)

= x(n)* h(n)

- ix(k)h(n "y
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y(n)

= h(n)*x(n)

- ix(n —k)h(k)
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H/t LTI — Tinh chat tich chap BX

= Giao hoan x(n)*h(n) = h(n)*x(n)

x(n) y(n) h(n) y(n)

—————— h(n) ey <:> —_— x(n) —

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

> hy(n) > hy(n)

> hy(n) > hy(n)

h = h4(n)"hy(n)
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H/t LTI — Tinh chat tich chap CEKQ‘

. N

= Phan phoi
x(n)*[hy(n) + hy(n)] = x(n)*hy(n) + x(n)*h,(n)

" hy(n)

ﬂ Yo 0 > h(n) =h,(n) + hy(n) yn) ’

" hy(n)

+ Vi du: dung tich chap, xac dinh dap Ung cua hé thong
e x(n) = a"u(n) va h(n) = bru(n) trong ca 2 truéng hgp a=b va a#b
* x(n)={...0,1,2,1,1,0..} va h(n) = 3(n) — d(n-1) + d(n—4) + d(n-5)
*
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| Tinh nhan qua CEKQ‘

. N

= Mot hé LTI la nhan gua néu va chi néu cac dap ung xung
cua no bang 0 doi vai cac gia tri am cua n
[tuc, h(n) = 0, vn < 0]
y(n)=> h(k)x(n—k)= D x(k)h(n—k)
k=0 k=—0
Qui uGc )
+ Chuoi bang 0 Vn < 0 — chudi nhan qua
+ Chuoi khac 0 vn: n<Ovan>0  — chuoi khong nhan qua
= Néu t/h nhap 1a chudi nhan qua [x(n) = 0, vn < 0]

y(n) = Zh(k)X(n —k) = ZX(k)h(n —k)

+ Dap (g cta h/t nhan qua vdi chudi nhan qua 1a nhan qua [y(n) =
0, ¥Yn<O0]
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. N

H/t LTI — Tinh 8n dinh Pt

= Hé LTI la 6n dinh néu ham dap 'ng xung daon vi la kha tong
tuyét doi

+ Ching minh N N
Toed - y(n) k;x(n )h(k)
‘x(n)‘ <M.
()| =| D x(n=k)h(k)| < D |x(n—k)||h(k)|< M, > |h(k)
k=—c0 k=—o0 k=—o0
y(n)| <M, <o néu S, = i [h(k)| < oo
= Vi du: xac dinh tAm gid tri a, b sao cho hé LTI sau 6n dinh
a” n>0
h(n)=<1 -1<n<0
\b” n< -1
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. N

' FIR va IIR &

= Hé cd dap U'ng xung hitu han — FIR (Finite-duration Impulse
Response)
+h(n)=0Vvnin<Ovan>M

M-1
y(n) =Y h(k)x(n—k)
k=0
+ Hé FIR c6 bd nhé dd dai M
= Hé cd dap U'ng xung vo han — IIR (Infinite-duration Impulse
Response)
+ Gia sU h/t co6 tinh nhan qua
y(n) =Y h(k)x(n—k)
k=0
+ Hé IIR cé bd nhd vo han
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= Trung binh tich IGy cua t/h x(n) trong khoang 0 <k <n
1 n
n)= x(k
() = > x(h)

+ Viéc tinh y(n) doi hoi luu trir tat ca gia tri cua x(k)
= khi n tang, bo nhd can thiét cling tang

= Cach khac dé tinh y(n): dé qui
n—1

(n+Dy(n) =) x(k)+x(n)=ny(n—-1)+x(n)
; (n) C\

(D .
+) (X >
7 1 \ij
= y(n) = y(n—1)+——x(n)

n+1 n+1 =,
* y(ng— 1): diéu kién dau ;n

= H/t dé qui la hé c6 y(n) phu thudc khong chi t/h nhap ma con gia tri
qua khu cua ngo xuat
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. N

JI‘J/S RRTG — 'Dé qUi ﬂ.ﬁg‘

= H/t khong dé qui néu  y(n) = F[x(n), x(n-1), ..., X(n—M)]
= Khac nhau cd ban gira h/t dé qui va h/t khong dé qui

x(n) y(n) x(n) F[x(n), x(n—1), ..., x(n—M), y(n)

— Fx(n), x(n=1), ..., x(n=M)] ——— y(n—=1), y(n=2), ..., y(n—=N)]

A

A

Z-1

= Y nghia
+ H/t dé qui phai tinh cac gia tri ngd xuat ¢ qua khu trudc
+ H/t khéng dé qui cé thé xac dinh gia tri ngd xuat & thai diém bat ky
ma khong can tinh gia tri ngd xuat ¢ qua khr
+ Hé dé qui: hé tuan tu
4+ Hé khong dé qui: hé td hgp
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H/t LTI RRTG — ph/trinh sai phan &

e so hang > o

= Tap con cua h/t dé qui va khong dé qui
= Vidu h/t dé qui dugc mo ta bdi PTSP bac 1: y(n) = ay(n—1) + x(n)
+ Phuang trinh xuat nhap cho hé LTI
+ Tac dong vao h/t t/h x(n) vn > 0 va gia su ton tai y(-1)
y(0) = ay(-1) + x(0)

y(1) = ay(0) + x(1) = a%y(-1) + ax(0) + x(1)
y(n) = ay(n-1) + x(n) = a™ly(~1) + ax(0) + a™ix(1) + ... + ax(n-1) + x(n)

Hoac n
y(n)=a""y(-1)+ > a“x(n—k) Vn>0
k=0

+ Né&u h/t nghi tai n=0, b nh& ctia n6 bang 0, do d6 y(-1) = 0
» B0 nhd biéu dien trang thai h/t — h/t § trang thai 0 (dap Ung trang théi 0 hodc
dap ung cuong buc -y, (n))

vy = d*x(n-k)

» Day la tich chap cua x(n) va h(n) = a"u(n)
» DPap U’ng trang thai 0 phu thudc ban chat h/t va t/h nhap
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RRTG — ph/trinh sai phan &

>~ .
dng & o

= Neu h/t khong nghi [tuc y(-1) # 0] va x(n) = 0 Vn: hé
thong khong co t/h nhap
+ Dap Ung khong ngd nhap (hay dap Ung tu’ nhién) y,(n)

v (n)y=a""y(-1)

+ H/t dé qui vai dieu kién dau khac khong la hé khong nghi, tdc né
van tao ra dap Ung ngd ra ngay ca khi khdng cd t/h nhap (dap ing
nay do b6 nhd cla h/t)

+ Dap Ung khong ngd nhap dac trung cho chinh h/t: né phu thudc ban
chat h/t va diéu kién dau

= Tong quat y(n)=y,(n)+y,(n)
= Dang tdng quat clia PTSPTT HSH

y(n) = —Zaky(n k)+ Zb x(n—k)

hoac
N M

+ N: bac cua PTSP > a,y(n-k)=Y bx(n-k) (a,=1)
k=0 k=0
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'RRTG — ph/trinh sai phan &
ang S

= Xem lai cac t/chat tuyén tinh, bat bién thai gian va 6n dinh
cua h/t dé qui dugc mo ta bang PTSP TT HSH
+ Hé dé qui co thé nghi hay khdng tuy vao diéu kién dau
= Tuyén tinh
+ Hé la tuyén tinh néu no thoa
1.Péap Ung toan phan bang tong dap (ing trang thai khong va dap (ng
khong ngd nhap y(n) = y,(n) + y,(n)
2. Nguyén tac xép chong ap dung cho dap (ng trang thai khong (tuyén
tinh trang thai khong)

3. Nguyén tac x€p chong ap dung cho dap (rng khong ngd nhap (tuyén
tinh khdng ngd nhap)

+ Hé khong thoa mot trong 3 d/k trén la hé phi tuyén

+ Hé dé qui dudc mo ta bang PTSP HSH thda ca 3 d/k trén — tuyén
tinh
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TG — ph/trinh sai phan

BK
. N
= Vidu: xét tinh chat tuyen tinh cda hé y(n) = ay(n-1) + x(n)
+ D/k 1.
y..(n)= Za x(n—k) Vn=>0
k=0 >:>.y(n):.yzs(n)—'_.yzl(n)
y.(m)=a"y(-1) Vn20
+ bD/k 2.
e Gia strx(n) = ¢;x;(n) + c,x5(n)
Vi) = Zakx(n —k)= Zak[clxl(n —k)+cyx,(n—k)]
k=0 k=0
= CIZakxl(n —k)+ CZZakxz(n — k)
k=
_ . x(n) 'y(n)
=c n)+c n - .
+ D/k3. lyzs( ) Zy ( ) i,. + : N\
° Giasry(=1) = cyy;(=1) + Gy(-1) | v
y.(n) = a™'y(-1) = a””[clyl(—l) +c,y,(=1)] a Z-1
n+ n+ : < l
=Gd 1)/1(—1) +C,a 1)’2(_1) i \]l‘

(1
=y (M) + ¢,y (n)
+ Vay y(n) tuyén tinh
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RTG — ph/trinh sai phan -

TP.HCM

= Bat bién thdi gian

+ a,va b, la hang s6 — PTSP HSH la bat bién theo thdi gian

_+ H/t dé qui dugc mo ta bang PTSP HSH la LTI

= On dinh

+ H/t BIBO 0n dinh néu va chi néu véi moi ngd nhdp hitu han va moi diéu kién dau hiru

han, cTap rng cua toan h/t la hru han
+ Vi du: xac dinh gid tri a d€ h/t y(n) = ay(n—1) + x(n) on dinh
o Giasl |x(n)|[sM, <o vn >0

y(n)= a”+1y(—1)+zn:akx(n —k) < a””y(—l)‘ + Zn:akx(n—k)
k=0 k=0
_‘anﬂ y(— 1)‘—|—M Z‘a‘
S‘anﬂ y(—l)‘+M MEM
Clefd

» n hitu han = M, h{tu han va y(n) hitu han dbc lap véi gia tri a
* Khin—wo, M, hitu han chinéu |a|< 1 =M, =M/(1- lal)
» Vay h/t chion dinh néu |a|< 1
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Im trinh sai phan tuyén tinh hé

TTTTTT

= Xac dinh biéu thirc chinh xac cda y(n) khi biét x(n)
(n>0) va tap cac d/k dau

= 2 phuong phap
+ Gian tiép: bién doi Z
+ Truc tiép

= Phuong phap truc tiep
+Dap Ung toan phan y(n) = yu(n) + y,(n)
* y,(n): dap ung thuan nhat, khdng phu thudc x(n) (x(n) = 0)
* y,(n): dap ung riéng phan, phu thudc x(n)
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&g‘
TP.HCM

. N

= Pap ’ng thuan nhat N ‘ ,
+ Gid st x(n) = 0 D ay(n-k)=0 PTSP thuan nhét

k=0

+ Cach giai PTSP TT HSH tuong tu’ cach giai PT vi phan TT HSH
 Gia su dap ung co dang y,(n) = A"

N
. > a1 =0

hodc VAN +a A v a, ML +ay A+ay) =0

Biéu thirc trong Ngoac ddn da thu‘c dac trung cua h/t

» PT nay cé N nghiém kl, Aoy weer Ay

» Dang tong quat nhét cua nghlem PTSP thuan nhat (gia sur cac nghiém don riéng

biet) y,(n)=CA"+C, A +L +C Ay
C, c6 thé dugc xac dinh nhd vao cac d/k dau cla h/t
» NéEu A, la nghiém bdi bac m,
y,(n)=CA"+CnA" +Cn° A" +L +C n" A" +C A

m+17"m+1

+L +C, Ay

» PT nay cd thé dugc dung dé xac dinh dap Uing khong ngd nhap clia h/t
(bdi vi x(n) = 0)
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Giailph/trinh sai phan tuyén tinh hé
so hang

= Pap Ung thuan nhat
+Vidu y(n) + a,y(n-1) = x(n)
» Cho x(n) = 0 va gia st y,(n) = A"
= A" +a; A1t =0
= A"I(A+a,) =0
= A = —34
» Dap ung dong dang y;(n) = CA" = C(—a,)"
» Mat khac,
y(0) =—a,y(=1)
1,0)=C

Dodd V.(m)=(=a)"" y(-1) Vn>0

> = C=-ay(-1)
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trinh sai phan tuyén tinh hé &

. N

= Pap Ung riéng phan
+ Dap Ung riéng phan y,(n) thoa man PT

N M
> ay,(n—k)=> bx(n—k) a, =1
k=0 k=0

+ Vidu y(n) + a,;y(n-1) = x(n) (|a;]< 1)

xac dinh y,(n) khi x(n) = u(n)
* Dap Ung riéng phan co dang y,(n) = Ku(n)
K: hé sb co gian
= Ku(n) + a,Ku(n-1) = u(n)

° KhinZl,taCé K+a1K=1 :>K=1/(1+a1)
» Dap Ung riéng phan
() 1 () x(n) y,(n)
y (n)= u(n
P 1+aq, A K
2 sy ;o A " n n
+ Dang tong quat cla dap U'ng riéng phan Am KM
An" KoM + KnML + . + KM
AnnM | An(KonM + K nM-t + 4 KM)
Acoswgn

K;cosmyn + K,sinoyn
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inh sai phan tuyén tinh hé &

= Pap Ung toan phan
+ Vi du: xac dinh dap Ung toan phan cua PTSP y(n) + a;y(n-1) = x(n)

va@i x(n) = u(n) va y(-1) la d/k dau
* Theo tren, ta co ryh (n) _ C(_al)n

1

3 v (n)= 1 = y(n)=C(-a,)" + 1

| 1+aq,
» Mubn xac dinh dap Ung trang thai khong, ta cho y(-1) = 0

y(0)+ay(-1)=1] )
| = C=—1
y0)=C+ 1+a,
l+a, |
1_ —a n+l
vay v, (n)= (=) n>0
1+aq,

» Néu tim C dui d/Kk y(-1) # 0, dap Ung toan phan s€ bao gém dap Ung trang thai khong va
dap ung khong ngo nhap

J/(O)*‘ay(—l):l\ . 1—(—q n+l

| 1 U = Cc=—ay1)+- 2 [> y(n)  =(=a)" y(-1)+ 1(+ci) n>0
y(O)=C+1+a | I+aq B 1
' _yzi(n)+yzs(n)
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Giail ph/trinh sai phan tuyén tinh hé

s0 hang -
= Ngoai ra, co thé xac dinh dap ('ng riéng
phan tu dap Ung trang thai khong

. 1
y,(m)=lmy_(n)=
n—yo 1+a,

+y,(n) # 0 khi n—o0: ddp (ng trang thai déu
+y,(n) = 0 khi n—co: dap Ung tiém can
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xung cua h/t dé qui LTI BK

. N

Cxmeam = ) =Rk (120

- Zn:h(k)é(n "y

= h(n)
= yp(n) =0vix(n)=0khin>0 = h(n) = y,(n)
= B&t ky h/t dé qui nao dugc mo ta bang PTSP TT HSH déu la IIR

= Pap U’ng thuan nhat p
y(n) =h(n) = Z Cil
k=1

{C} dudc xac dinh nhd d/k dau y(-1) = y(-2) = ... = y(-N) = 0
= Tinh &n dinh

+ D/k can va du cho su on dinh cua mot h/t nhan qua IIR dugc mé ta bsi PTSP TT HSH la tat ca cac
nghiém cla da thic dac triing co gia tri tuyét doi nhd hon don vi

+ CM i
zwhm»:z\zw\sz\q\z i
n=0 | k=1 n
A | <0 :Z\h(n)\@o

Ngugc lai néu | &[> 1 h(n) khéng con kha tdng, tlc h/t khdng 6n dinh

DSP — Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 53



thurc hé RRTG — Cau tric P8

x(n)|

= VD: Xét hé bac 1
y(n) = a;y(n-1) + byx(n) + b,x(n-1)
Sa do cau truc

2

(=7 Cau truc trwc tiép dang 1
{v(n) =byx(n)+bx(n—1) x(n)] :
y(n)=-a,y(n—-1)+v(n) ’
Hoan vi hai hé con

GOp hai 6 nhé x(n)
. Cau truc tryc tiép dang 2 |
(dang chuan tac) a Z-" )
w(n) =—aw(n—1)+x(n) < S
y(n) = byw(n) +bw(n-1)
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- A

Hien

O nhé: M+N
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Hién thuc hé RRTG — Ciu triic &

- Khia,=0= y(n)= be(n k)

b, 0<k<M

hé FIR khong dé qui vOi h(n) =
' gdeq () {o k khdc

= Hé bac 2: y(n) = —a,y(n-1) — a,y(n-2) + byx(n) + b;x(n—-1) + b,x(n-2)

b,=b,=0: hé dé qui thuan
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FIR — bat dé qui

= Hién thuc khong dé qui
y(n) = Zka(n —k)

+bap ing xungh(k) =b, (0<k<M)
y(n) Zm;x(”—k)
1

h(n)=——- 0<n<M
M +1
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' FIR — dé qui P8

. N

= Hién thuc dé qui
4+ B4t ky h/t FIR nao cling dudc thuc hién theo kiéu dé qui

+Vi du 1
y(n) —mkz(;x(”—k)
=ﬁ§;x(n—l—k)+M1+1[x(n)—x(n—1—M)]
1
—y(n—1)+M+1[X(n)—X(n—1—M)]

+ y(n)
> 1 »
M+1
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Tuong quan giira cac t/h RRTG gEKQ‘

. N

= Ung dung

+ Do luong su gidong nhau gilra cac tin hiéu

+ Trong cac linh vuc: truyén tin hiéu, radar, sonar, ...
= Dinh nghia

T/h phat x(n)

T/hnhan  y(n) = ax(n-D) +w(n)

o : hé s6 suy giam t/h
D : thai gian tré truyén .
w(n)  :nhieu duGng truyen AOE Z x(n)y(n—1)
y(n) so v&i x(n) T
iy ()= x(n+1)y(n)
Twong n=—o0
ché

=Y (=)

x(n) so vé&i y(n)

=Y yn+ Dx(n)
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= Céac budc dé tinh su tuong quan gilra y(n) so véi x(n)
1. Dich: dé cé y(n-l), dich y(n) sang
+ phai néu | duong
+ trai néulam
1. Nbhan: v(n) = x(n)y(n-l)
2. COng: tong cac v,(n)

= Nhan xét
+ rxy(l) = r-yx(_l)
r,(I) la dao cua r, (1) qua truc I = 0
+ So vdi tinh tich chap, phép tinh tucng quan khong phai thuc hién
phép dao
o  Cb thé dung giai thudt tinh tich chdp dé tinh tuong quan va ngugc lai
ry (D) = x()*y(-1)
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Iuong quan giira cac t/h RRTG &

. N

= Tu tuong quan r ()= Z x(n)x(n—1)

Nn=—00

r()= x(n+1)x(n)

Iy () =r (=)

= Tudng quan cta chudi nhan qua dd dai N [i.e x(n)=y(n)=0 khi n<0 va

n>N]
N—|k|-1
r,(=), x(n)y(n-1)
- - [i=Lk=0 120
- Vo {i:O,k:l /<0
ro(= 2 x(mx(n-1I)

DSP - Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 61




Tuong quan giira cac t/h RRTG gEKQk

. N

= Tinh chat cua su tuong quan gitra cac t/h nang lugng
+ Nang lugng cua t/h chinh la su tu tuong quan tai | = 0

()= (n)=E,

n=—00

+ Trung binh nhan cta ndng lugng 1a gia tri I6n nhat cla chudi tudng

quan
r, (D < ‘/ExEy

r(D|<E, =1, (0)

+ Chuoi tugng quan chudn hda khdng phu thudc vao su co gidn cua
t/h (| pe(D]<1Va | ped)|< 1)

rxy(l) pxx(l): l’xx(l)

) =
Py PE E

DSP - Lecture 2, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 62



Tuong quan giira cac t/h RRTG

= Tudng quan cua t/h tuan hoan
+ Cho x(n) va y(n) la 2 t/h c6ng suat

Z x(n)y(n—1)

' (1)_}412302]” 1,4

r, (D) = lim - Z x(n)x(n—1)

+ NéEu x(n) va y(n) tuan hoan chu ky N
* r() va r(l) tuan hoan chu ky N

(D= S 3y (=)

(1) = %jz;xm)x(n 1)

 T/c nay dugc dung d& xac dinh chu ky clia t/h (SV doc thém)
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Tuong quan giira cac t/h RRTG

ﬁEEL
TP.HCM

i
= Giai thuat tinh chudi tuong quan gilra 2 t/h Inout 0
+x(n)  0<n<N-1 Input | LTl |Output
+ y(n) 0<n<M-1 WM RO
P
MsN LS
— (M1 N-1
x(n)y(n )y 0<i<N-M rxy(l)=ZX(H)Y(”_Z)OSZSN_1
rxy(l):< - "
N-1
[

n=
~
N =

= Chuoi tuong quan gilra ngd nhap va xuat cua h/t LTI
Voi y(n) = h(n)*x(n),taco

1y (D) = (D) * x(=1) = h(D) *[x(D) * x(=D)] = h(]) * 1. (])

E, =1, (0)= Y 5, (k)r (k)

Thay [ bang —1,
= 1, (1) = h(-D)*r, ()

1y (D) = y()* y(=1) = [h(D) * x(D]* [ A=) * x(=D)] = 1, (D) * 1. ()
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CEKQ‘
TP.HCM

N
= Bién ddi Z
+ BD thuan
+ BD ngugc
= Cac tinh chat cua BD Z
= BDZhiuti

+ Dbiém khoéng (Zero) — Piém cuc (Pole)
+ Pole va t/h nhan qua trong mién thai gian
+ M0 ta h/t LTI bang ham hé thong
= Bién do6i Z ngugc
+ Phuong phap tich phan )
+ Phuong phap khai trién thanh chuoi Iy thira
+ Phuacng phap phan ra thanh cac hitu ti
= Bién ddi Z mot phia (Z+)
+ Tinh chat
+ Gidi PTSP bang BD Z*
= Phan tich hé LTI
+ Dap Ung cla hé
+ Dbap Ung tuc thai, qua do
+ Tinh 6n dinh va nhén qua
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CEKQ‘
TP.HCM

= Tong quat )
+ MOt cach biéu dién t/h khac v& mat todn hoc
+ Bién doi t/h tir mién thdi gian sang mién Z
+ Dé khao sat t/h va h/t trong nhiéu trudng hgp (dua vao cac t/c cua BD 7)

= Pinh nghia +0
+ Cong thirc | X(Z) = Z x(nz™"
N=—0o0

4+ Quanhé  x(n)<—— X(2)
+ Ky hieu  X(z) = Z{x(n)}

+ Biénz  Diém thubc mat phang z
Zz=a+ jbhayz =re®

+ Mién hdi tu (ROC% LJX(z) < oo}
Chi quan tdm X(z) tai nhirng diém z thudc ROC
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= Vidu

+ T/h nhan qua x(n) = anu(n)
X(z)= Zx(n)z_" = Z(az_l)"
n=—00 n=0
Khi‘az_l‘ < l(i.e.‘z‘ > ‘a ), X(z)= ! —~
l—az

= ROC': ‘Z‘ ‘a‘
+ T/h phan nhan qua x(n) = —a"u(—n 1)

X(z2)= _Zx(n)z-" _Z( a")z”" :—Z(a_lz)
X(z)= - a’'z _ 1

—a z l1-az

Khi‘a‘lz‘ < l(i.e.‘z‘ < ‘a ),

i = ROC: ‘Z‘ < ‘a‘
+ Y nghia
e T/h RRTG x(n) dudc xac dinh duy nhat bdi biéu thirc BD Z va ROC cua nd
» ROC cua t/h nhan qua la phan ngoai cua vong tron ban kinh r,, trong khi ROC

cua t/h phan nhan qua la phan trong cua vong tron ban kinh ry
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= ROC cua cac t/h

T/h hitu han U 20
h ROC T/h ROC
- ’ Nhan qua (t/h
Nh 2 A
an qua Mpz \ {0} bén phai) |z| >,

[X(n)=0 n<0] [X(n)=0 n<0]

Phan nhan qua
Mpz \ {} | (t/h bén trai) |z| <1,
[X(n)=0 n>0]

Phan nhan qua
[X(n)=0 n>0]

Vanh khuyén

n M n
2 bén pz \ {0, oo} 2 bén r1>|z|>r2

Py
N

- BDZmotphia X*(2)=3 x(n)z"
n=0
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= Bién doi Z ngerc
+TU x(z)= Zx(k)z-k

+ Nhan 2 vé vdi z"-
+ Tich phan 2 vé theo dudng cong k|n C bao gbc O thudc ROC cua X(z)

§ X(2)z"\dz = § Zx(k)z "z
+ Ap dung tich phan Cauchy
§ X(2)z"'dz = Z x(k)§ dz = 2mix(n)

—~ x(n) = —§X(Z)Zn 'dz
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— Tinh chat CEKQ‘

= ROC = ROC; N ROGC, N ... N ROC,
= Tuyén tinh  x,(n)<=> X,(2)
X, (n) <> X, (2)

= x(n)=ax,(n)+bx,(n)«——> X(z)=aX,(z)+bX,(z)

+ Vi du x(n) = a"u(n) + b"u(-n-1)

xl(n)=a”u(1fz)<—z—>X1(z):1 ! —~ ROCI‘Z‘>‘CI‘

—daz

xz(n):—b”u(—n—l)%)(z(z):l 11? — ROC:|z|<|h
—DZ

1 1

Do d0  x(n) = x,(n) — x,(n) <> X (2) = X,(2) - X,(2) = o 1

ROC :|a|<|Z| < b
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) doi Z — Tinh chat &ﬂ

= Dich theo thdi gian x(n)<— X (2)
x(n—k)«<~—z"X(2)

= 0 k>0
ROC = ROC,,, \

o k<0

= ROC cua viéc két hgp cac Bb Z
+ NEu két hgp tuyén tinh ctia cac BD Z c6 khoang thai gian hitru han, ROC cua Bb Z
dudc xac dinh bdi ban chat hitru han cua t/h nay, ma khong phai ROC cua cac Bb

riéng lé 1 0<n<N-1
+ Vidu x(n)—{ B ];
o 0 others { N I

X(z):ZI.Z_” =14z +A +z NV =127 s 1 ROC : mpz \ {0}
n=0

11—z
M&t khac, cd thé biéu dién x(n) = u(n) — u(n-N)

X(@) = Z{u(n)} - Zu(n-N)} = (1-z")Z{u(n))
1
Ziu(n)} =

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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) doi Z — Tinh chat gEKQ*

> o
= Cogiantrong mién Z  x(n)<«—— X (2) ROC 1, <|7|<r,
a"x(n)<«—=— X(a 'z) Va (thuc hay phuc)
=
ROC: ‘a‘rl < ‘z‘ < ‘a‘rz
, N Im(z)| ]
= Y nghia o
a=r,e’™ =
_ e Zix(n)} = X(z) e
z=re’’ |=
1 Z{a"x(n)} = X(w)
w=a z w=a-1z
T T
w=a z= ir e’ mef
7, rir, oo,
. co r,>1 Re(w)
Thay bien < 5 + quay mpz
gian 1, <1
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n doi Z — Tinh chat ﬁEKQ‘

. N

= Dao thdi gian x(n) <« X(2) ROC 1, <|g| <,
Z _1 1 1
— x(—n)«——X(z") ROC:—<‘Z‘<—
7’2 ]”1
+Y nghia

 ROC,, la nghich dao cua ROC, _,
L Né’u ZO € ROCX(n)I 1/20 € ROCX(—n)

= Vi phan trong mién Z x(n)«=> X(z)

dX(z)
dz

DSP - Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 10
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— Tinh chat CEKQ‘

= Tich chap x,(n)«—— X, (2)
X, (n)<—— X, (2)

= x(n) =x,(n)*x,(n)«—— X (2) = X,(2) X,(2)

= Tinh tich chap cua 2 t/h dung phép Bb Z
+ Xac dinh BD Z cua 2 t/h

X:(2) = Z{x,(n)} —
X,(z) = Z{x,(n)} Mien thdi gian — mien Z

+ Nhan 2 BD Z vGi nhau
X(z) = X{(2)X4(2) XU ly trong mién Z

+ Tim BD Z ngugc cua X(z)
x(n) = Z2{X(2)} Mién Z — mién thdi gian
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&n d6i Z — Tinh chat PN

= Tudng quan x,(n)<—— X,(2)
X, (n)«—— X, (2)

= ()= le(n)xz(n —«——R,, (2)= X, (2)X,(z7)
= Viéc tinh tuong quan gilra 2 t/h dugc thuc hién dé dang nhd BD Z
= Vi du: xac dinh chuoi tu tuong quan cua t/h x(n) = a"u(n) (Ja| < 1)
ROC :|z|>d]

x(n)=a"u(n)«<—X(2)= ——
1

: ROC :|z| <
l-az ‘a‘

1 1 1
R (2)=X(2)X(z )= =
«(2) = X(2) () l—az'1-az l-a(z+z )+a’

X(z )=

1
4] I i
r()=——a —o0 <[ <o
l1—a

ROC':|a| <|z| <
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Bién doi Z — Tinh chat &ﬂ

. N

« Nhan 2 chudi x,(n)<——> X,(2)
X, (n) < X,(2)

x(n)=x,(n)x,(n)«——X(z)= %§ X, ()X, (— )v_ldv

C :bao dong quanh goc0,thuoc ROC chung cua X,(v)va X,(1/v)

= Cach xac dinh mién hoi tu
X,(v) hoitu r, <M <r
X,(z) hoitu r, < ‘Z‘ <r

, z
= X,(z/v) hoitu 1, <|—<n,

V

Dodo,X(z) hoitu nr, < z‘ <h. 1y,
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— Tinh chat

= Dinh ly gia tri dau
+ NEu x(n) nhan qua [x(n) = 0 vn<0]

—

x(0) = lim X (2)

Z—> 0

= Phic hdp x(n)<—— X(z)

x*(n)— X *(z*)

+ Phan thutc

Re{x(n)} %%[X(z) + X *(z%)]

+ Phan ao

Im {x(n)} < 21]. [X(2)— X *(29)]

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

CEKQ‘
TP.HCM

14



N7

Bién doi Z hiru ti — zero & pole B,

. N
= Zero cua BD X(z): cac gia tri z sao cho X(z) = 0
= Pole cua BD Z: cac gia tri cua z sao cho X(z) = «
= ROC khong chtra bat ky pole nao
= Ky hiéu trén mpz: zero — vong tron (o) va pole — ch{r thap (x)
1 11—z
X(Z): -1 X(Z): -1 )
1-0.9z -z =2z
MAT PHANG Z MAT PHANG Z
1 f | : | | 1 |
2 ’ i “ - E
,:E Of-----r----mmmmm - e?} ---------- R ,:E - - -------- 4:?:- --------- B e
e : ] ; B : .
05} 5 - 05} -
| R a r . .
4 05 0 05 1 - 0 1 i
Ph:i o thy'e Pha o thy'c
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8n doi Z hitu ti — zero & pole &ﬂ

. N

= Bién do6i Z dang hiiu ti
4+ R&t hitu ich dé phan tich hé LTI RRTG

+ Viéc xét tinh chat hay thiét ké t\é co tinh chat nao d6 — chi can

quan tam trén vi tri cua cac diém zero-pole

= CAc cach biéu dién

M

Zbkz_k

N(z) by+bz " +A +b,z7" &

+ Dang mi am X(z2)= —
=) D(z) a,+az" +A +ayz™" i k
a,z
b 2 B M A -
~ - b, b,
+ Dang mii duong X (z)=—z"" ———~ -
a, Z t oz FA+
M
A‘L(Z_Zk)
+ Dang Zero-Pole x(z) =g E22)Em2)K E22y) _ govw i
(z—p)Nz—py)K (z—py) .
b ““(Z pk)
GE—O k=1
d

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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L

-

= Dang h{u ti tu zeros-poles

en doi Z hitu ti — zero & pole

&g‘
TP.HCM

. N

X(z)= Gz VM (z—z)z-2,)K (z—z),)

(z=p)z—p,)K (z—py)

+ G: d0 Igi (gain)

= VD: Tim dang hitu ti va vé gian do zero-pole cho X(z):

Zeros: Z,=0.8ei2%M k=1..M

Poles: M pole tai 0
MAT PHANG Z

1f g——
r'-.-. I:I:I
0.5 o i o
2 E
,:E' N -----:- s SRR B oeeees B-1-----]
=~ i
0.5 o o
@
Ap e
4 05 0 05 1
Phan thye

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

%Tim Huu ti, zplane: zpm.m

M=3§;

a=0.8;

p=zeros(M,1);

z=zeros(M,1);

for k=1:M,
z(k,1)=a*exp((7*2*pi*k)/M);

end;

[num den] = zp2tf(z,p,1);

disp(num);

disp(den);

zplane(z,p);

y
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Bién doi Z hiru ti — zero & pole &ﬂ

. N

= M0 ta hinh hoc cho X(z)
+ |X(2)| la ham thuc, ducng cua bién z

OLILOnG 08 Bz b 30z =100 1-00%2" 1)

+ Zeros: cac dinh duong, cao .
+ Poles: cac dinh am, thap
+ VD: |
X(z)= =
1-0.9z
Dang hinh hoc dung Matlab -
ezmesh('a’, 'b', - e B
'0.1*log10(abs(1/(1 - 0.9%(@+j*b)*-1))),  ~°[ - =
-2.2.-2.2]) ; LB
2 1 CI 1 2
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Bién doi Z hiru ti &ﬂ

. N

= Vi tri pole va hanh vi cua t/h nhan qua ¢ mién thoi
gian
+ Vi tri pole anh hudng tinh chat bi chan, phan ky cua tin
hiéu nhan qua ¢ mién thai gian
+ Vi tri pole quyét dinh tinh 6n dinh cda hé théng nhan qua

+ Tinh chat cua tin hiéu ¢ mién thai gian, trong truong hgp
pole nam ngoai hay trong hay trén vong tron don vi qua
nhifng vi du sau
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~ ] y 4
1 doi Z hiru ti — Vi tri pole BK
TP.HCM
||
v\/
MIEN THOT GIAN MAT PHANG Z MIEN THOT GIAN
1 — 1 : : : i —— 1
: + . : .
: : o o0&t |+ ! : .
0.5 5 N o + 05t | i = 05;
! ! = + : E ' =
L - = g B | = 2 [TTTTT
i e R 4 -----] = I S S T — = ot
T | i =3 *, i H ) &
5 - <04 5 g : 2 J J' l b4+
4 v p a
- ® 02 sy | & 05 .
o . . o J 0 TTTTT Tt SN . 1
4ods b Os a 5 [ 2 4 05 0 05 1 0 5 10 15 2
Phi n thye Tryc chi sé Phs n thye Trye chisé’
MAT PHANG Z MIEN THOT GIAN MAT PHANG Z MIEN THOT GIAN
1 ' . ' ! 1 JEPEEE e !
’ 5 ; 08 5 ;
05 E :;' 05 E :;' Bk
2 5 =06 2 i 2
Sl ()| S oo oo = 2 Of----- . (. SN = af- RN R
kr A -a kr i -a
& 3 5 ; T 04 o : <
0.8 n 0 s & s 2
5 . o2 B
. . 0 . e ¥
4 D05 0 05 0 5 10 15 2 4 05 0 05 1 0 5 10 15 2
Phs o the True chi sdé” Phs o thwe Truc chisd
MAT PHANG Z MIEM THOT GIAN MAT PHANG Z MIEN THOT GIAN
. T 40 T T T T 40
1 o 1f [JESE A
05 F30) 1 os} z T
= . ! ! = - ! = T
Cr= i , " E ol i -.E
R s grenenmeenees e T e = D*****ﬁﬂ*TlT
= : ; ; s & ; J F 1 i
081 | & 10f I 0.5 E *’ & 20
-1 i Daé******TTTTTT -1, " L 'E' - " . 40 . " "
-1 0.5 ] 045 1 1.5 ] 5 10 15 2l 1.5 -1 -0.5 ] 0.5 1 ] a 10 15 2l
Pl n thye Truc chisd Pl n thye Trye chi sé”
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~ ] Y 4
1 doi Z hitu ti — Vi tri pole BK
TP.HCM
||
v\/
MIEN THOI GIAN MAT PHANG Z MIEN THOT GIAN
T 25 . T T . 4 _ . -
17 P Ee 1 :-
4 E Sy + % E
0sl J’/ E . : 2 * ¥, 05 ) E :. 3|
2 ’ : \ 2151t T 2 1 : L' = 1 T I I T
" | = I = ! : ] =
«E e 8 """" - = E a ,2 """" g """""" foooes - 1oy TLT;**E'}
é \\‘ : ': 1_:“:_ f l“ E ; ': I l l l l l
05T i . = 05 ) : . | |
: g @ hel ) 4 & -2
e . NTT 4 . y
-1 0.5 ] 0.5 1 ] 5 10 15 2l -1 05 ] 0.5 1 0 5 10 15 2l
Phi o thye Trye chi sé” Pha n thye Trye chisd’
MAT PHANG Z MIEN THOT GIAN MAT PHANG Z MIEN THOT GIAN
1f I 20 - ; - 1 — 20 : : .
i . - - U E
05t : . 2157 0.5 ’ i & I
=} 3 : k = = | F ‘[ ‘]t
= ! = e i =
- L AN = 10} | A N T < D"#T I
= i = = i = ;L l l
G = =9 =
05 2 5l 0.5 £ 10 l
-1t S D""TTTT -1 L 20 !
4 05 0 05 1 0 5 10 15 2 4 @8 0 05 1 0 g 10 15 2
Phai o thue Truye chi 56 Phsi n the Truye chi 56
MATPHANG Z MIEN THOI GIAN MAT PHANG Z MIEN THOT GIAN
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x() | HethéngLTI YW |
h(n)

y(n) = x(n)*h(n)
2k
Y(z) = X(z) H(z)
= Xac dinh y(n)
+ Tinh X(z) va H(2)
+ Xac dinh Y(2)
+ Tim y(n) bang cach tinh BD Z ngudc cla Y(z)
=  Tim dap Ung dan vi

Y (Z)

_Zh(n)z—"

= Ham h/t: H(z)
+ H(2): dac trung cho h/t trong mién Z
+ h(n): dac trung cho h/t trong mién TG

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

ti — Ham h/t cua hé LTI

CEKQ‘
TP.HCM

. N

VD
+ h(n) = (1/2)"u(n)
+ x(n) = (1/3)"u(n)

|
H(z)=
(2) 1—%2_1
X(z)=—1
1-1z7
1 1
=>Y(2)=——F——
I—EZ 1—§Z

23



= Ham hé thong cua hé LTI mo ta bai PTSP TT HSH

y(n) = —Z a,y(n—k)+ Zka(n —k)

+ Hé pole-zero M )
b,z
Y(2) Z '
X(z) ==
- 1+ Zakz_k
+ Hé toan zero =
] ak = 1 S k S N
% -k 1 % M-k
H(z)=) bz =—2> bz
k=0 Z k=0
* FIR
+ Hé toan pole
° b,=0 1<k<M
b, b,z"
H(Z) = N — N Clo = 1
1—|—Zakz_k ZakzN_k
k=1 k=0
o JIR
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Bién doi Z ngu'oc

= Tong quat
+Tim t/h trong mién thdi gian tu' BD Z cua no
+ Ky hiéu x(n) = Z7K{X(2)}
+ Biéu thirc tong quat

x(n) = —§ X(2)z"'dz

C :baodong quanh goc O, thuoc ROC

= Phuong phap
+Tinh tich phan truc tiép
+Khai trién thanh chudi theo bién z va 71
+Khai trién phan s cuc b va tra bang

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

&g‘
TP.HCM
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W:BKQ‘
TP.HCM

= Phuong phap tich phan truc tiép
+ Dinh ly thang du Cauchy

» NEu dao ham df(z)/dz ton tai trén va trong bao dong C va néu f(z)
khdng cd pole tai z = z,

§f(z) 4y f(z,) z,béntrongC
21 °€ z -z,

0 z,bénngoaiC

» TOng quat, néu dao ham béc k+1 cua f(z) ton tai va f(z) khéng co pole
tai z = z,

1 d"f(2)
(k=1 dz*" .
0 z,benngoai C

z, bentrong C

21y §C (z— Zo)

.

» V& phai clia 2 bi€u thic trén goi la thang du cla cuc tai z = z,
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CEKQ‘
TP.HCM

= Gia sU f(z) khong cé pole trong bao dong C va da thic g(z) cé cac
nghiém don riéng biét z,, z,, ..., z, trong C

f@), _ 1l A@ |,
27TJ§ {Z }d

(Z) 2mj ¢\ Tz -z,
A(z)
_22’”§C )
A(z)=(z—-2z, a : Thang d
=>4 (z) S PEEE

i=1

= Bién ddi Z ngugc
x(n = X(2)z"'dz
(n) 2@@ (2)

— Z [thang du cua X (z)z" tai z,]

cac pole{z; }trong C

= Z (z—z)X(2)z"" .
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1 d6i Z ngugc &ﬂ

. N

= 2> a

- Vidu: t|m BD Z ngugc clia X (2) - !
Z

n—1 1 Z 1 —daz
x(n) = §3 —dz=—§ dz
2mj ¢ 1—az 2mj ¢ z—a
+ C:vong tron ban kinh r > |a|
1. n>0: 2" khong cd pole trong C. Pole bén ngoai Cla z = a
= x(n) = f(z,) = a"
2. n<0:2 cé pole bac n tai z = 0 (bén trong C)

x(=1) = oot +l

2mj §C z(z—a) —al, z

=0

zZ=a

1
= b (z % ( j

4+ Cbthé CM dugc x(n) =0khin<0
= X(n) = a"u(n)

zZ=a
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Bien doi Z ngugc B,

= PP khai trién thanh chuodi theo bién z va z!
+Dua vao tinh duy nhat cua BD Z, néu X(z) dugc
khai trién thanh
X(z)= icnz_”

n=—o0

thi  x(n)=c, Vvn

+Né&u X(z) hitu ti, phép khai trién dudc thuc hién
bang phép chia
» PP nay chi dudc dung dé xac dinh gia tri vai mau dau
cua t/h
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n doi Z nguoc g[l

& o
1

= Vi ,dl_,I: xac dinh X(I?) ty Y@= 05
Vai a) ROC |z| >1 va b) ROC |z]| < 0.5
 x(n) la t/h nhan qua
1
1-1.5z7"+0.5z7°

- X(n) = {1, 3/2, 7/4, 15/8, ..}

X(2)= =1+3z7+127+ 827 4 A

 X(n) la t/h phan nhan qua
|

X(z)= — — = 2z° +62° +14z* +A
1-1.5z7 +0.5z

SN x(n) = {..., 14, 6, 2, 0, 0}
*
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£

Bién doi Z ngucc

&g‘
TP.HCM

>
= PP khai trién phan s6 cuc b va tra bang
+ Nguyén tac )
» Néu X(z) dugc bi€u dién X(z) = a,X,(2) + a,%,(z) + ... + a X (2)
thi x(n) = a;x;(n) + a,x,(n) + ... + ax,(n)
+ Tu dang hiru ti _ N(z) b,+bz"'+A +b,z7"
X(Z) B B -1 -N
D(z) 1+az +A +a,z
* X(2) la hop Ié néu ay#0 va M<N
« Néu M >= N, chia da thic dé dua v(e) N ()
Z Z
X(2)= —c.+cz +A +c,, z MV 12
D(z) b“ b . bM o D(2)
- Gia st X(2) hap 18 X(z)= &) _bythz +A *hyz

D(z) l+az'+A +ayz

bz +b 2"+ A +b, 2
242V HA +a,
+ Phucng phap X(2) bz"" +bz" P +A +b, VM
o Khaitrién phansécucbd z  zV+az""+A +a,

 Tra bang dé xac dinh BD Z ngudc cla ting phan sd
DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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| d6i Z ngu'gc fk

= Khai trién phan sd cuc bd
+ Tim pole bang cach giai PT ZN + a,Z2N 1+ +ay= 0
(gia su cac pole: py, Py, ---s Pn)
+ Pole donriéng biét X _ 4 4, . 4y
z =P 27 P, Z— Pn
* Xacdinh A, 4 — (z—p)X(2)

z

Z=Dk
» Cac pole lién hdp phrc s& tao ra cac hé sd lién hgp phirc trong khai trién
(i.e. néu p, = p,"thi A, = A")
+ Pole kép

* Gia su pole p, kép bac |

X(Z)= 4 n 4, LA Alk n AZk 2—|—A n Alk 1+A n AN
4 Z=p 27D, z—p, (zZ—py) (z—py) Z— Py
 Xac dinh A, | e 'y
A, =— _d | (z=p) X(2) i=12,..,]
(=D)(=p,) " dz z .
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d0i Z ngu'gc g[l

= Tim BB Z ngudc cua tung phan so6 cuc bo

+ NéEu cac pole dan riéng biét X(z)= AILJF 4 l +A +4, l
l-pz" z-p,z Z—pyz
do 7 1 _ (p,) 'u(n) ROC:: ‘Z‘ > ‘pk‘ (nhdn qua)
1-p.z" —(p)'u(=n—-1) ROC: ‘z‘ < ‘pk‘ (phan nhan qua)

Nén  x(n)=(4p/+4,p; +A + A, pyun)

4+ Né&u co 2 pole lién hgp phic, ¢ thé két hgp 2 pole dé
x, (n)=[4,(p)" + A4, (p,)" lu(n)

~ A, = |4, |e’* .
NEu ¢ "“_e thi
p. =nre’

zZ" Ak%m,j% =24,
l-p.z l-p.z

r! cos(B,n+o, )u(n) neuROC:‘Z‘ > ‘pk‘ =7,

1

+ Néu co pole kép Z‘l{(l _p;_l)z}= np"u(n)  ROC:|z|>|p|
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I‘

3ién doi Z ngu'sc

= X&c dinh biéu thirc khai trién cua

14+ 2z
X —
) =052
X(z)= :

(1+ Z_l)(l - 2_1)2

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

pr=TtJ7T

Pr=7—J7T

X(z) 4, N A4,
z z = P,y zZ = P

A4, =3 J%

4, = 7+ ]%

X(Z)_ 4 n A4, A,
z z+1 z-1 (z-1)

A=75, 4,=5 4,=7
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BK

TP.HCM

= Phan ra BD Z hitu ti
+ Dung trong viéc hién thuc cac h/t RRTG (cac chudng sau)
+ Gia su’ co BD Z dugc biéu dién (dé don gian a,=1)

M M
Zbkz_k 1—[(1—2,{2_1
k=1

X(z)=—" =b

N

0 N
1+Zakz_k I—I(I—pkz_1
k=1 k=1
+ Néu M >N, X(z) c6 thé dugc bién dbi thanh

M —-N
X(z2)= D, ¢z "+ X, (2)
k=0

+ Néu X, (z) cd céc pole dan riéng biét, X, (z) dugc phan rd thanh
Xpr(z) = A1$+ A2$+A + AN*
+ Néu X,(z) cd nghiém phrc (lién hgp), cac nghiém lién hgp nay dugc nhom lai dé
tranh an ra he so phuc
A A" byt bz vGi by =2Re(4) a;=-2Re(p)
: : 2 {bl = 2Re(Ap*) a, = ‘p‘z

— + ®* 1 -1 —
1 - pz l-pz l+az +a,z
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Bién doi Z ngu'gc

_l

= Tom lai




Bién doi Z ngugc &ﬂ

= Phan ra BD Z hitu ti
+ X(2) 6 thé dugc biéu dién dudi dang tich

+ Cé’c pole phuc (lién hgp) va cac zero phitc (lién hgp) dugc két hap
dé tranh hé so phuc cho phan ra cua X(z)

(A-zz Y1-z,z"") 1+b,z " +b,z"
(l_pkz_l)(l_p/tz_l -
, b, =—2Re(z,) ‘ a, =—-2Re(p,)
trong do va —|p |2
= Pk

-1
l+a,z +a,.z

2
by, = |Zk|

+ D& don gidn, cho M = N, X(z) dudc biéu dién thanh

1+b,z lﬁ 1+b,z" +b,,z~°

-2

X(z)=b
(2)= OH1+ak i l+ta,z” +a,z

trong do K +K,=N
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Bién doi Z mot phia &ﬂ

= Gidi thiéu
+ Trong k¥ thudt: tac dong thuGng bdt dau tir thai diém n, nao do.
Pap (ng ciing thudng bat dau tir n, va cac thdi diém sau n,, vdi
diéu kién dau nao do
+ Bién d6i Z mot phia (Z*) chi quan tdm dén phan tin hiéu x(n), n>0

= Pinh nghia X+(Z)Eix(n)z_"
= Ky hiéu Z+{x(n)}  va x(n) <= X*(2)
= Pac tinh

+ Z+{x(n)} khong chua thong tin cua x(n) khin < 0
+ BD Z* chi la duy nhat do6i véi t/h nhan qua
+ Z5{x(n)} = Z{x(n)u(n)}

» ROC bén ngoai vong tron

» Khong xét dén ROC khi tinh Bb Z+
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Bién doi Z mot phia &ﬂ

. N

= Tinh chat

+ Cac tinh chat cua BD Z déu dung cho BD Z*, ngoai tru tinh chat dich
theo thdi gian

+ Dich theo thdai gian x(n)<L>X "(2)

o Tré k
x(n—k)«=—z [ X" (2)+ D x(-n)z"] k>0
n=I
= NéEu x(n) la t/h nhan qua, ta co
x(n—k)<«=—z7"X"(2) k>0
k-1
" NRanh - x(n+ k)« 2" [ X (2) - > x(n)z "] k<0
n=0

+ Dinh ly gia tri cudi cung
lim x(n) = 11m(z DX (2)

n—oo

* Gidi han ton tai néu ROC cua (z-1)X*(z) chlra vong tron don vi
DSP - Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 39




Bién doi Z mot phia &ﬂ

. N

= Giai PTSP
+ DUng BD Z+ dé giai PTSP vdi diéu kién dau khac 0
+ Phuong phap
Xac dinh PTSP cua hé
Tinh BD Z+ ca 2 vé€ PTSP dé bién ddi nd thanh PT dai sd trong mién Z
Giai PT dai s6 dé tim BD Z cta t/h mong mudh
Tim BD Z ngudc dé xac dinh t/h trong mién thdi gian
+ Vi du: xac dinh dap U'ng budc cua hé y(n) = ay(n—-1) + x(n) (|Ja]< 1)
vGi d/k dau y(-1) = 1
Y+(2) = a[z71Y*(2) + y(-1)] + X*(2)

) 1
X' (2)= —~
1-z
a 1 1
=Y (2)= +
(2) l—az— 1- az_ll z7
:>y(n)=a”+1u(n)+l a” u(n)— —a" Yu(n)

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE e —da 40



Phan tich he LTI

= Tim dap Ung cua t/h x(n) doi véi mot h/t LTI
+ Biét dap U'ng xung dan vi h(n)

X(n) y(n)
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Phan tich he LTI &

. N

= Pap Ung cua h/t pole-zero vGi ham h/t hitu ti

+ G|é SCI’ H(Z): B(Z) va X(Z): N(Z)
A(z) 0(z)
+ N&u h/t nghi (tc y(-1) = y(-2) = ... = y(-N) = 0)
B(z)N(z)
(z) = H(2)X(z) 1(0(5)

+ Gia su
e H/t co cac pole don py, p,, ..., Py Va X(z) cé cac pole don q4, 5, ..., q,
* p#qn(k=1,..,Nvam=1, ..,1L)
» Khong thé udc lugc giCra B(z)N(z) va A(2)Q(2)

N

:>Y(z)—21 e Z Qk
+ Bién doi ngugc
y(n) = ZA (py)" “(”)"‘ZQk(Qk) u(n)
- \

Pap ng ty nhién Dap &*ng cwdng burc

4+ C4 thé tong quat hod trong trudng hap X(z) va H(z) cd pole chung hodc
pole boi
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Phan tich he LTI .?“

. N

= Tim dap Ung cua t/h x(n) d6i véi mot h/t LTI co d/k dau
+ Biét dap U'ng xung dan vi h(n)
+ Biét cac d/k dau cua h/t

DRG] o hé ach ra . (1) va .0
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Phan ticl &

. N
= Pap Ung cua h/t pole-zero vdi d/k dau khac 0
+ Cho t/h x(n) nhan qua va cac d/AI§ dau y(-1), y(-2), ..., y(-N)
N
y(n)==) a,y(n—k)+) bx(n—k)
k=1 k=0
+ BD Z* ca 2 vé va X*(z) = X(z)
M N k
Zbkz_k Zakz"kz y(-n)z"
Y+(Z) — k:ON X(Z) _ k=1 anl
1+ a*z™* 1+Zakz"k
k=1 k=1
N k
=H(Z)X(z)+]t;°(—(z)) NO(Z)E—Z akz"kz y(-n)z"
y4 = n=1
+ Dbap Ung gbm 2 phan -
» Dap Ung trang thai khong Y,.(z) = H(z)X(2) (cong thirc phan trudc)
» Dap Ung khong ngd nhap (p,, p,, .-, Py la pole cla A(z))
NO(Z) A > n
Y,(z)=——— — yzi(n):ZDk(pk) u(n)
A(z) k=1
« Do y(n) = y,(n) +y,(n)
N L
:>y(n)zzAk(pk)”u(n)+ZQk(qk)"u(n) (4, =4, +D,)
k=1 k=1

« D/k dau chi 1am thay déi dap ('ng tu’ nhién cuta h/t thong qua hé s6 co gién
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Phan tich hé LTI &

. N

V4 V4 PN N
" DepngrInRen ()= A (P u(n)

+ Khi | p.| < 1 (vK), y,(n) ti€ém can vé 0 khi n — o : ddp Ung nhét thoi
= Pap U’ng cudn C

ap ung cudng buic ) Zkak) u(n)

+ Khi t/h nhap la t/h sin, cac pole d, Nam trén vong tron don vi va cac dap
rng cudng erc cung co dang sin: dap unhg déu

= Tinh nhan qua va 6n dinh trén H(2)

+ Nhan qua
LTI : nhan qua
< h(n) : nhan qua
& H(2) : ¢0 ROC la ngoai vong tron ban kinh R nao dé
+ On dinh
LTI : on dinh
& h(n) : kha tdng tuyét doi
< H(z) : 0 ROC chuira vong tron don vi
4+ Nhén qua va 6n dinh
LTI nhan qua : on dinh
& H(2) : tat ca cac pole nam trong vong tron dan vi
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Phan tich hé LTI

= Pap Ung déu va tiém can
+ Xac dinh dap ’ng déu va tiém can cta h/t mo ta bdi PTSP
y(n) = 3y(n—1) + x(n) khi t/h nhap la x(n) = 2sin(zn/4)u(n)
H/t co d/k dau bang O.

= On dinh va nhan qua
+ Cho h/t LTI dugc dac trung bdi ham h/t
3-4z7" 1 2
#(z) 1-3.5z7"+1.5z"° 1—%2_1 Jr1—3z_1
Pac ta ROC cua H(z) va xac dinh h(n) trong cac truong hgp
» H/t 6n dinh
» H/t nhan qua
» H/t phan nhan qua

= On dinh cta h/t bac 2

DSP — Lecture 3, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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NOI dunc

= Phan tich tan sO cua t/h LTTG

= Phan tich tan sb cua t/h RRTG

= Cac tinh chat cua BD Fourier cho cac t/h RRTG
= Pac trung mién tan so cua hé LTI

= BO lua chon tan sO

= Heé thong dao

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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DA

Tai sao mien tan so ?

_

tTan so
t/h hinh SIN: F,
& £ | t/h hinh SIN: F,
Tin hicu t/h hinh SIN: F,

- Chudi Fourier — tin hiéu tuan hoan

7
Tin hiéu X y Tin hiéu X

- Chuoi Fourier ngugc — tin hiéu tuan hoan
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A S

Tai sao mien tan so ?

_

T/h hinh Sin

Ae]a)on

Pha: Léch Iu’qncj 0
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D AS

Tai'sao mien tan so ?

an so

, t/h hinh SIN: F,
Tin hiéu

t/h hinh SIN: F,

t/h hinh SIN: F,

Pho

Phan tich phc“)’:, X4c dinh ph6: cua t/h dua vao cong cu toan hoc

DSP - Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



T/h LTTG va tuan hoan CE.Q;

. N

= Chudi Fourier
+ X(t): LTTG, tuan hoan vGi chu ky cd ban T, = 1/F (F,: tan so)

x(1) = ickejz”kFO’ Phwong trinh tong hop
k:—OO

+bat  x(H)=ce
* X (t) tuan hoan vaGi chu ky T,=T /k (kF,: tan so)

x(t) = Z x, (1)
k=—o0
» DBong gop cho x(t) mét lugng ¢, (Tan sé kF, co dong gop mot lugng ¢,)

+ Hé sb chubi Fourier

1 — j2kF;
Cr = jx(t)e Tt Phwong trinh phan tich
T
pT,
DoNg gop v bien Ao~ % |y Pong gop vé pha

C, = ‘ck ‘e
DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



T/h LTTG va tuan hoan &K{

. N

= P/k Dirichlet: bao dam chuoi Fourier hoi tu vé x(t) vt

+ x(t) 6 s6 hitu han cac diém gian doan trong mot chu ky

+ x(t) ¢ s6 hitu han céac diém cuc dai va cuc tiéu trong mot chu ky

+ x(t) kha tich phan tuyét doi trong mot chu ky, tuc J‘ ‘ x(t)‘ dt < o
= D/k Dirichlet chi I3 d/k du &

+ T/h biéu dién bang chudi Fourier chua chic thoa d/k Dirichlet

= NEu X(t) la t/h thuc
+ ¢ va Cy lién hgp phu’c ( C, ‘ e
+ Biéu dién rut gon clia chuoi F x(t) =c, + 22 ‘Ck‘ COS(27‘L‘kF t+6 )

JO )

+ Do cos(2nkF0t + 0y) = cos2nkFyt coso, — sm2nkF0t SinB,
Céch biéu dién khac clia chudi F

x(t)=a,+ 22 (a, cos2mkF,t —b, sin 2mkFt)

ak - Ck COSOk
b, = | ¢ |sin6,

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 7



T/h LTTG va tuan hoan CE.Q;

= Vi du: Phan tich tin hiéu sau ra cac thanh phan tan so
X(t) = 3Cos(100xt — =/3)

(100 —Z — /(1007 —Z

—5J e j(1007t) n % e%j e j(1007t)

Hz dong gop c,
Ppéng nhat véi PT tong hap
( n Hz déng gép c_,
C, = %e_?] Tin hi€éu mién thai gian
: 4 . 5 TIN HIEL MIEN THOI GIAN
c,=3e" 2 /

Pho tin so

.

0 001 002 003 004 005 006 007 008
True thei gian: t

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 8



T/h LTTG va tuan hoan

Tan so
_____ K
50Hz (c,)~. 71 0 1
Tnhiét—~—~~—~__ | T I |ek|
-50Hz (C.q)..... | . /3

_____

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 9



T/h LTTG va tuan hoan &ﬂ

>
I n . 1 & o
Cng suat trung b|r11h P _ j{x(t) che j2 Fot:|dt
P.=— [Ix() F dt =~ [ x()x" (0)dt I;l ==
T T _ _
p T pT,
* "t j2mkEy N [ —Jj2nrkot
x (1) = che JEmE = C, —j x(t)e ]dt
= w == | 1y,
+ Do do ) )
1 ’ +00 »
P =— _Hx(t)‘ dt = Z| ¢ | Cong thirc quan hé Parseval
T, P P,
= Pho méat d6 cong suét [ICi2  Ph céng suét
4+ Cdng suét trung binh tdng cdng bang tong
cac cong suat trung binh cua cac t/h hai tan i
+ Gian d0 cong suat theo tan so
+ Pho vach: cac vach cach déu doan F, : 1 1
+ Ham chan (do ¢, = ¢*, d/v t/h thuc) T T

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 10



T/h LTTG va tuan hoan CE.Q;

= Vidu 1: tinh cong suat trung binh cua x(t) = 3Cos(100xt — n/3)
+ TheoVD trén, ¢, =3¢ ' va ¢ =3¢’
+ Theo Parseval, P, = |c, |2+ |¢ |2=4.5

= Vidu 2: cho x(t): LTTG, tuan hoan vai chu ky T,. Phan tich x(t) ra cac
thanh phan tan so 1 x(t)

A4 |tKt/2
)=
0 {o, 1/ 1 L, Lt

v

-T, /20 /2 T,
- —j2nkF, 7/2
) _L j‘er—ﬂﬂkFotdt B y { o~/ 2Tt }
k T _ .
1 T,/2 1 7/2 A p —t/2 TP _]ZﬂkFO —7/2
C,=— I x(t)dtzF AdtzTT A T e At sinmhFyT
L T,/2 p /2 P T, 7kE, 2j T, nkF

DSP - Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 11



T/hLTT

va tuan hoan

Bien do cua CK

0.1

0.08

0.0a

0.04

0.02

-0.02

At sin whF T

Cr

T

p

TkF T

e

Y

b M

RIS

BK

TP.HCM

-0.04
-40 -30 -20 -10 0 10 20 20 40

Bien Mguyen K, Tan so KFo
DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE




h LTT

Thong so:
T, =50s
t =0.2T,
A =1

Ck

Tin hieu x(t)
0.2 T R ' 1.2 T T T
0.5+ + ¥ 4
Dar
S oo0dr + : =
m I = I
G s 0.6
3 5
= 1 1 E
& ' ! L
i D ; . g 04
B Y =
D2t
I:J-:e\ :f— -i-‘ +
i\ l J l“ “l l l fi U -
0.05 - : L
-10 -5 0 5 10 0.2

Bien Nguyen I, Tan so: KFo 100 80 -0 40 -20 0 20 40 &0 g0 100
True thai gian: t

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 13



Bien do cua CK

Bien da cua CK

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

T/hLTT

Ck
0.2 T T T T : T T T T
NS
0.15 - + | i
01+ E i

-0.05 L . . . . L .

-50 -40 -30 -20 -10 ] 10 20 30 40 50
Eien Mguyen I, Tan so: KFo
Ck
n.2 T T T T T T T T
*
015 T b
01F * i
0051 % b
1 1

005 I I I 1 I I

-1000  -800  -GO0 -400  -200 0 200 400
Bien MNguyen I, Tan so: KFo

600

200

1000

va tuan hoan

Téng h
101 than

Téng h
2001 tha

Truc bien do x(t)

True bien do x(f)

1.2

BK

TP.HCM

Tin hieu x{t)

0.8

0.4

0.2

-0.2

WM

1h

-100

-40

-20 0 20 40 60 80 100
Truc thei gian: t

Tin hieu x{t)

0.9r

=
oo
T

=
]
T

=
(=3}
T

=
5]
T

=
.
T

=
%]
T

=
ha
T

T T T T T T s

L1 s s L

-100

-80

-60

-40

-20 0 20 40 £0 80 100
Trug thoi gian: t
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T/h LTTG va khong tuan hoan CEKQ‘

() 1,0

Khong tuan hoan Tuan hoan

. i - - .
e \ - \ e P \
v \ e S Ve
/ e / / V4 \
/ \ / / \
\ / \ ,
\ \ /

= T/h tuan hoan x(t)
+ C6 dugc do 1ap lai t/h x(t)
+ Tuan hoan chu ky co ban T,
+ C6 pho vach: khoang cach vach F,=1/T,

= T/h khong tuan hoan x(t)
+ C9 thé coi nhu x,(t) khi T, — oo
+ Khoang cach vach Fy= 1/T, —» 0
— Pho cua tin hiéu khdng tuan hoan 1a phé lién tuc

DSP - Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 15



T/h LTTG va khong tuan hoan CEKQ‘

. N

= Bién doi Fourier
+ x(t): LTTG, khong tuan hoan

+00
_ — j2nFt Phwong trinh phan tich
X(F)= .[ x(t)e " dl (bién ddi Fourier thuan)

1

* Hé s6 Fourier o — T_X(kFO) = F, X (kF})
p
i Ph trinh téng h
_ j2nFt wong trinh tong hop
x(1) = IX(F)e ar (bién ddi Fourier ngugc)

+ D/k Dirichlet
 X(t) c6 hitu han cac diém gian doan hitu han
o X(t) c6 hitu han cac diém cuc dai va cuc tiéu +»
» X(t) kha tich phan tuyét doi, nghia la “x(t)‘dt <0

DSP - Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 16



3 Va khong tuan hoan CEKQ‘
.
= Vi du: cho x(t) khong tuan hoan. Phan tich x(t) ra cac thanh

phan tan so

A, |tlgT/2
x(t) =
0, |tpt/2

X(F) = jAe‘ﬁ””fdt

_ g sin tF't
nFt
0 IX(F)theoF
A X(t) a
A |
| /\\/ \/\
/2 0 7T/2 t=

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 17



T/h LTTG va khong tuan hoan &ﬂ

i
o Nang lugng _ _
E = j xX@)f di= [x(Ox'()dt | E, = [ x| [ X" (F)e™dF |at
x ()= | X (Fe ™ dF = | X (F)dF| |x(t)e”"™dt
_j )\ Wi _[o _L _
Do do

00 00
E = Hx(t)‘zdt = I‘X(F)‘zdF Cong thire quan hé Parseval

+ Bao toan nang lugng trong mién thdi gian va mién tan so
+ Phd mét dd néng lugng S, (F) = |X(F)|2

» Khoéng chira pho pha — khéng dugc dung dé khdi phuc lai x(t)
+ N&u x(t) 1a t/h thuc

X(=F)|=|X(F)
/X(~F)=-/X(F)

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 18
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T/h LTTG va khong tuan hoan

= Vidu

TIN HIEU TROMG MIEMN THOI GIAMN

0.8 1

0.6 1

Truc bien da: x(t)

02F B

=l -0.8  -06 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

Truc thoi gian: t

TIMN HIEL TROMG MIEN THOI GIAMN

True bien do: x()

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Truc thoi gian: t

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

BK

TP.HCM

TIN HIEU TROMNG MIEN TAM SO

Truc tan sa: F

o . T T T T T ™
-0.5 1
= -1r b
1y
=
oy
=
E..15
=
L]
s}
—
-2
25 1
-5 -4 -2 1] 2 4 i1
Truc tan so: F
TIM HEU TROMG BMIEN TAM SO
0.5 B
0 - -
i
205 8
o
fm
[
=1
2 -
—
-1.5
-2+ -
-6 -4 -2 v] 2 4 &
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= x(n) la t/h tuan hoan chu ky N X(n+N) = x(n) Vvn

= Chudi Fourier cho t/h RRTG c6 t6i da N thanh phan tan s6 (do tam tan
so [0, 2xn] hoac [-r, =])

= Chuoi Fourier roi rac (DTFS)

N-1
2k :
x(n) = che] i Phwong trinh tbng hop
k=0

= Hé so Fourier

+ M0 ta x(n) trong mién tan s6 (c, bi€u dién bién dé va pha ctia thanh phan
tan sO s (n) = ej2n/N)

1 N-1 ok
c, = FZx(n)e e Phwong trinh phan tich
n=0

+ ¢,y = ¢, = Ph@ ctia t/h tuan hoan x(n) véi chu ky N 1a mét chudi tuan hoan
cung voi chu ky N

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

G va tuan hoan &ﬂ

. N
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T/h RRTG va tuan hoan

CEKQ‘
TP.HCM

. N

= Vi du: Xac dinh va vé phd cho cac t/h sau
a. x(n)=3 Cos(ﬁnn)
b. x(n)=3cos(5n)
c. x(n):tuan hoan,lchuky:{% 0 2 1}

PR ESTR)

f, :
a)ozx/zﬂ,tucfozl/«/z :» _O)
N

+ Pho

Téan so

®, =27 '

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

khong htru ti
x(n) khong tuan hoan
Pho gdm chi mdt tan s6 don: f,
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x(n) = 3cos(2nn/6) = {,=1/6 => N =06
= X(n) tuan hoan chu ky N=6

, 1 amkn
Cac hé s dong gop ¢, = gz x(n)e ?7" k=0.5
n=0

1
Tuy nhién x(n) =23cos(2x 3 n)

3 j27r%n+3 —j2m&n

2 2

T/h RRTG va tuan hoan CEKQ‘

So trung véi phuong trinh tong hop

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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T/h RRTG va tuan hoan

h. x(n)=5C0S(5 Hn)

Tin hi¢u trong mién thoi gian: (3 chu k).

Tin higu trong mién tn 56

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

BK

. N

TIN HIEU TROMNG MIEN THOI GIAN (3 CHLU KY)

2 -
1 -
=
e
o
-
g °
fim
(=]
=
|_
-1 b
_2 L
3 . . . | | | |
0 2 4 g 10 12 14 16 18
Truc thoi gian: n
PHO BIEN DO
15 T T T
1 -
o
-
=
d
g
T
=
&)
=
Fost
0 | . " | 4 . " .
0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Truc K - tan so
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T/h RRTG va tuan hoan

n).tuan noan ,1cnu

FHO BIEMN DO 1CKI
T

3 o
C, =~ xme” k=03 &
n=0

0.9 -

=7 4

0.6

oce - - - - - — - — - — - — - — - — - — - — -4 3

Truc bien do: ICKI

= i(l +2e /™ 4 e_j%ﬂk) Eg‘ ————————— W --------------------

0.1 F

CO - %(l_l_ 2+1) :1 ae P Ec_)il—iﬁ:_pl_ﬁa_(c_ki __________
C, =112+ )=t =42 2l

C,=1+(1+2-1)=1 E ----------
C,=f(1-2- ="t =" ]

Truc tan sa: kK

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 24



TG va tuan hoan &ﬂ

o C6ng sué’t trung binh

P ——Z\xm\ XA | :igx(n)(]“c,tej;nj

k=0
N-1
x* (n) _ Zcze—]ZTEkn/N N—1 , 1 N—1 J2mkn
k=0 =) —Zx(n)e N
k
+ Do d6 AN
N -1

= _Z ‘x(”)‘z = Z ‘Ck‘z Cong thirc quan hé Parseval

+ Chuoi | ¢, | % ph6 mat dé cong sudt cta t/h tudn hoan

= Nang lugng t/h trong mot chu ky

N -1 ) N -1 )
— Z:;) ‘x(n)‘ — Nkz:zo‘ck‘

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 25




I’/h RRTG va tuan hoan &ﬂ

. N

= Néu x(n) thuc [x*(n) = x(n)], = ¢ = ¢,
+ Tic ‘c_k‘ = ‘ck‘ Pho bien do doi xung chan
—Zc , =Zc, Pho phadoi xung le

+ Ngoai ra, tu ¢, = ¢,, ta cung co ‘Ck‘ _ ‘CN k‘

Le, =—Lcy ,

+ B/v t/h thuc, phé ¢, (k=0,1,...,N/2 khi N chan hoéc k=0,1,...,(N-1)/2 khi N
1&) hoan toan co thé déc ta cho t/h trong mién tan s6

+ Khi dé, chudi Fourier cé thé dugc rat gon

rCZO =C,
x(n) =c,+ 22‘%‘ cos(— kn+0,) a, = 2|Ck|COS 0,
b, = 2|ck|sin 0,
) .
=a, + Z(ak cos—kn b, sm—ﬂknj Vai L N :chan
N —
k AL N :le

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 26



T/h RRTG va tuan hoan 3

4 X(n)
s Al
=
S: LN ) oo o
UE. | i | | >
= -N 0 L N n

FHO MAT DO CONG SUAT

M AL
Al - v

..
(=)
o 2
& &
T
‘ N\

k=0,£N,£2N.K

5]

i 0.035 | j 1 1 _ . ﬂkL

g)d E ool : ‘; ) Ck =< A _]ﬂk(L—l) Sin N

8) z-’au 025 —¢€ N k khac
g

] i F _ N . mk
0.02 b y X 1 SIn| —
| Jhih I N

0
Truc tan so k
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G va khong tuan hoan &ﬂ

. N

= Chi xét t/h nang lugng x(n)
= Bién doi Fourier

X(w)= Z x(n)e " | Phuong trinh tdng hop

n=-—o0

= X(w): ndi dung tan sb cua t/h
+ Khac biét co ban gitra BD Fourier cua t/h nang lugng RRTG va t/h
nang lugng LTTG
e Tam tan sO
= T/h LTTG: -0 — 40
= T/h RRTG: 0 — 27 hodac -t — = [X(w) tuan hoan chu ky 2x]
» Céch tinh: dung tich phan thay vi dung téng

= Hé soO Fourier

1 :
x(n) = 2— jX(w)e]wndw Phuwong trinh phén tich
T 2r

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 28



T/h RRTG va khong tuan hoan CEKQ‘

. N

= Vi du: xac dinh ndi dung tan so cua tin hiéu sau
x(n)={..0 1 1 % 1 1 0..}

X(w)=e"> +e’ +1+e/* +e/*

X(w)=1+2cosw+2cos(2w)

Harn X{w) trong 3 chu kKu: -3pi =-> 3pi

Cht v: X(®) tuan hoan .
Chu ky: 2n °f

DSP - Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 29



4
’
’
A NT 7
’
’
’
’
’
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T/h RRTG va khong tuan hoan

3.5

(P
3 -

25

FPHO BIEN DO

Truc tan so; w

PHO PHA

Truc tan so; w

30



T/h RRTG va khong tuan hoan &ﬂ

> o
N
= Su hoi tu cua BD Fourier X, (o) = Z x(n)e ™"
n=—N
+ Trong(BD Fourier ngugc (PT phan tich), chudi X(») dugc gia thiét hdi tu vé
),((00) hi N—oo

+ Y nghia: gia tri sai s6 X(o) — X\(o) s& bang 0 khi N—ow
]lvim|X(a)) - X (®)|=0

+ Xy(®) hdi tu néu x(n) kha tong tuyét doi

o0

X (@) ‘z x(n)ej“’"‘s S e (n)| < o

n = —oo n = —aoo

- D/k du dé ton tai BD Fourier RRTG

- Tuong duong d/k Dirichlet thir 3 cho BD Fourier cta t/h LTTG (d/k 1 va 2 khdng
co do ban chat cua t/h RRTG)

+ Néu x(n) kha tong binh phuong tuyét déi (i.e. x(n) cé ndng lugng hitu han)

- D/k hdi tu dugc giam nhe T 2
lim [|X (@)= X, (o) do =0

N > oo

» Nang lugng cua sai s6 X(o) — Xy(w) s€ tién vé 0, nhung khong nhat thi€t gia tri
sai so tien ve 0
= T/h nang lugng c6 BD Fourier
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va khong tuan hoan CEKQ‘

. N

= Nang lugng - |
. 2 i * E _ b * —jon
E, = 2 [ = 2, x(mx"(m) ' nz-;oxm){h _an @) dw}

n=—0

* 1 f * —jon . 1 f * - —jon
X (n):E_j;X (0)e’"dw _E_J;X (a)){Zx(n)e / }da)

QU

E = Z |?C(’”l)|2 = % j |X (o )|2d60 Céng thirc quan hé Parseval

Nn=—00

+ Do do

n=—o

+ X(w) la s6 phuc X(0) = X(0)] 010
» Phd bién do \ X(@)‘

» Phd pha O(w)

* Phd mat do ndng lugng S () = ‘X(a))‘z = X(0)X (o)
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va khong tuan hoan CEKQ‘

. N

= Vidu

+ Cho tin hiéu x(n) = a"u(n), -1< a <1

+ Yéu cau:
a) Lap cdng thic biéu dién tin hiéu trong mién tan sd ?
b) Lap cdng thic biéu dién phd bién dod, pha va ning lugng?
c) Vé 3 phd nai trén, véia = 0.9, a = —0.9?
d) Tan soO (xn/2) cd mat trong su' thanh Iap tin hi€éu x(n) khong?

NEu co thi ddng gop bién do va pha la bao nhiéu?

| ©
a) X(w) = ? X(0) = Za” T =" (ae)
= n=0
X(@)=—
1—ae™’®
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T/h RRTG va khong tuan hoan CEKR

. N

b) [X(®)], O(®), Sy (@) = ?

] (1—ae’®) (1—acosw)— j(asin®)

X(a)): —jo = —jo jo = 2

l-ae (1-ae’")1—ae’™) l-2acosw+a

(1-acosw)

X, (w)=

#(®) 1-2acosw+a’

—asin o

X, (o) =

1-2acosw+a’
| X(0) | X (@) + X, ()’
O(w) =tan ' (212

Xp(0)

| 1
(1—ae”’®)1-ae’) 1-2acosw+a’

S (@)= X(0)X (0) =

DSP - Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 34



& o
m et ' I
120 T T T
1 1 100 -
X(%) — ;T — N@ 80r
T ) :
l—ae’? 1+ ja :
S 60f
X T — 1 gau—
X(3) - ——— |
NV1+a
1 | X(n/2)|# 0
O(F)=—tan (a) | Tan s61/2 c6 mét trong tin hiéu | % T

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

Truc tan so: w
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= Néu x(n) thuc
+ X (0) = X(-o)
{\X(—m\ =X ()
/X (~0)=ZX(0)
+ S, (-0) = S(w)

= Vidu

A, 0<n<L-1
x(n) =
0, otherwise

X(O)) _ Ae—j%(]fl) Sln(w_zL)
sin(2)
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Quan he giira BD Fourier véi BD Z gEKQ‘

. N

O

x(n
iIén Thoi

Q—_Z: ﬁJw—bQ

X(2) X(o»)
Mién Z Mién Tan So
e ) * +00 »
X(z)= ) x(n)z" =— 7= = X(0)= Zx(n)e =
=== Jxet tren vong tron don vi) n=—o
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&g‘
TP.HCM

. N

Gia su {x(n)} c6 BD Z X(z) va {x(n)} 6n dinh sao cho X(z) hdi tu trén
vong tron don vi

Dinh nghia: Cepstrum phuic cua {x(n)} la {c,(n)}, BD Z ngugc cua
C.(2)= In X(2)

Cepstrum phutc ton tai néu C(z) hoi tu trong vanh khuyén r,<|z|<r,
chiravongtrondonvi (0 <r;<1var, > 1)

— — —n _ 1 n—1
C (z)=InX(z)= Zf (n)z ¢.(n)= po i In X(z)z""'dz
C,(z) hdi tu trén vong tron don vi
C(w)=InX(0)= Zcx (n)e c.(n)= %J‘n In X (w)e’”"dw
7T —7T

n=—a0

Né&u biéu dién X(») dudi dang cuc
X(0)=|X(w)e” = In X (») = In|X (0)|+ jO(®)

Cepstrum phi'c ¢ _(n) =2i j " in[x (@) + j0(@) ]’ do
T T
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BB Fourier t/h RRTG Pt

. N

= BD Fourier cua t/h cd pole nam trén vong tron don
Vi
+Co nhirng chuoi khon% kha tong tuyét doi lan kha tong
binh phucng, do do khong co BD Fourier

 Vidu i
x(n) =u(n) va X(z)= ——
x(n) =cos(o,n)u(n) va X(z)= 1-z7 cosay —

1-2z" cosw, + z
* Ca 2 t/h nay déu co pole trén vong tron dan vi
+ BD Fourier ma rong cua cac chuoi dang nay

¢ Cho phéep BD Fourier co cac xung tai cac tan so tueng Ung vai vi
tri cac pole nam trén vong tron daon vi

0 %(ungo)la ham cua o, co bién do 1/a, do rong a, dién tich don vi
da—
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Phan loai t/h 6 mién tan so &ﬂ

. N

= Phan loai t/h dua vao phé mat do cong suat/nang Iugng
+ T/h tan s6 cao: pho tép trung & tan sd cao
+ T/h tan s8 thdp: phd tap trung & tan s6 0
+ T/h tan s6 trung binh (t/h bandpass): pho tap trung trong dai tdm tan sd
= Bang thong
+ Tam tan s6 ma phd méat dd cdng suét (ndng lugng) cla t/h tap trung
F,<F<F,
+ Trong trudng hop t/h bandpass, n€u bang thong cua t/h qua nho (hé s6 10)
so V@i tan so gilra (F;+F,)/2: bang théng hep. Ngugc lai la bang théng rong
+ T/h bang thong gidi han la t/h cé phd bang khéng bén ngoai tam tan s

T/h khong tuan hoan T/h tuan hoan
LTTG Time-limited: x(t)=0 vai |t|>1 Time-limited: x,(t)=0 vGi t<|t|<T,/2
Bandlimited: X(F)=0 vdi |F| > B Bandlimited: ¢, =0 véi |k|>M
RRTG Time-limited: x(n)=0 v&i |n|>N Time-limited: x(n)=0 v&i n,<|n|<N
Bandlimited: |X(®)|=0 véi o <|o|<n Bandlimited: ¢, =0 véi k,<|k|<N
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&g‘
TP.HCM

. N

. 2At|’n|h)ché't dac trung cho t/h trong mién thai gian (mat toan hoc va mat
vat ly
+ Bién thdi gian: lién tuc hay rdi rac
+ Tinh chu ky: tuan hoan hay khong tuan hoan
= Bién thai gian
+ T/h LTTG

» Pho khong tuén hoan, khong phu thudc t/h mién thai gian tuén hoan hay khong
(do ham mi ezt |ién tuc theo thdi gian, khong tuan hoan theo F)

- Dai tam tan s6 F: [0..«]

+ T/h RRTG _—
» Pho tuan hoan chuky o = 2n  Ty3n hoan vé&i chu ky a trong mét mién
~+ Daitamtan s6 F: [-n..7] thi sé r&i rac voi khoang cach 1/a
= Tinh chu ky trong mién khac, va ngwoc lai

+ T/h tuan hoan
» Pho rdi rac (pho vach)
- Khoang cach pho : AF=1/T, (t/h LTTG) hoac Af=1/N (t/h RRTG)
+ T/h nang lugng khong tuan hoan
- Phd lién tuc (do ham mi ei2«ft hodc elen [ién tuc, khdng tudn hoan theo F hoic o)
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RTG: Pac tinh cua BD Fourier =

TTTTTT

= T/h RRTG, khong tuan hoan va cé nang lugng hiru
han

=« Tudng tu cho t/h LTTG, khéng tuan hoan va cé
nang luong hi'u han

= Qui uGc )
+BD Fourier thudn ~ X(w)=F{x(n)} = > x(n)e’™

Nn=—00

+BD Fourier nghich  x(n)= F'{X(w)} = % j X(w)e'"dw
T 2r
+ Cap BD Fourier x(n) < X ()

= Chu y: X(®) tuan hoan vai chu ky 2z
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= Tinh doi xirng

G: DPac tinh cua BD Fourier &ﬂ

. N

+ NEu t/h cd mot so dac tinh dbi xdng trong mién thai gian, viéc xem xét cac
d/k doi xirng trén BD Fourier cua ndé cho phép don gian hoa cac phuong
trinh BD Fourier thuan va nghich

+ Giasu

e X(n) = Xg(n) + jx;(n)
* X(w) = Xp(o) + jX(o)

va elo = cosm — jSin® (eJ'wr = COSm + jsinw), ta co

BD Fourier thuan

BD Fourier nghich

9

9

\
-

\

X.(w)= i [xR (n)cos on + x,(n)sin a)n]

n=—00

X, (w)=- i [xR (n)sin wn — x,(n) cos a)n]

X,(n)= i .“XR (w)coswn— X, (w)sin a)n]da)
2r

x,(n)= % “XR (w)sinwn+ X, (w)cos a)n]da)

2
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T/h RRTG: Pac tinh cua BP Fourier &gx

> o
= Tinh d6i xUng (tt)
+ T/h thuc
* Xgz(n) = x(n) va x{(n) = 0, do do
Xp(w)= Zx(n)cosam {X ()= X, ()
< W o) X' (©)=X(-0)
) | X)X, T
ka (@) = _n;wx(") St n DPbi xirng Hermitian

X ()| =X} @)+ X} (@)

X (-o)|=[X (o)
e D J
oy {4X<—w>=—4X<w>
\ Xp(o)

x(n) = 1 “XR (w)coswn— X, (w)sin a)n]a’a)
e Do < 21 o

\[XR (w)coswn|va| X, (w)sinwn|la ham chah

j x(n) = %Lﬂ [X . (@) coson— X, (w)sinon|do
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i Dac tinh cua BD Fourier CEKR

. N

= Tinh d6i xUng (tt)
+ T/h thuc va chan
¢ Xx(n) = x(n) va x(-n) = x(n), nén [x(n)coswn] chan va [x(n)sinwn] Ié

- Dodd | i
Xp(@)=x(0)+2) x(n)coswn  (hamchah)
n=1

\X](w) =0

x(n) = ljoﬂ X, (w)coswndw
+ T/h thuc va lé
o Xx(n) = x(n) va x(-n) = =x(n), nén [x(n)coswn] I va [x(n)sinwn] chan
»Dodo (X, (0)=0

X, (@)=-2) x(n)sinon  (hamle)
L n=1

x(n) = —ljoﬂ X, (w)sinondw
T
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= Tinh doi xiing (tt)
+ T/h a0

: Dac tinh cua BDP Fourier

* Xz(n) = 0 va x(n) = jx(n) va x(—n) = x(n), do do

9

Xp(w)= i x,(n)sin on (ham le)

X, (o) = Z x,(n)cos on (ham chan )

x,(n)= %J‘: [XR (w)sin wn + X ,(®)cos con]d(o

x,(n) & x,(n) chan

<XR (w) = ZZ x,(n)sinwn (hamle)
n=1

X, (w)=0

x,(n)= l"-: X, (0w)sinondow
T
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(X, (0)=0

< o0
X, (@) =x,(0)+2) x,(n)coson
L n=l1

x,(n)= lj‘oﬂ X, (w)cosondw
T

CEKQ‘
TP.HCM

(ham chan)
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: Dac tinh cua BP Fourier =

= Tinh doi xUng (tt)
+T/h x(n) bat ky

x(n) = xp(m) + jx, (n) = xp (n) + xz (n) + jlx; () + x; (n)]
=x,(n)+x,(n)

x,(n) = xp(n) + jxj (n) = 3[x(n) + x" (=n)]

trong do { .
X, (1) = xp(n) + jx; (n) = 3[x(n) —x (—n)]

x(n) = |xs)+ jxs(n) ]+ [xo ) + jixi ()]

I P

X(0) =[Xi0)+ X (0)]+[X5(0) + X (0)]
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= Tuyén tinh

G: DPac tinh cua BD Fourier &ﬂ

. N

—

{xl<n><L>Xl<w>

X, (1) «——> X, (0)

a,x,(n)+a,x,(n) «——> a,X,(0)+a,X,(w)

+ Vi du: tim BD Fourier clia x(n) sau. V& t/h va phd cua t/h.

x(n) = x,(n)+x,(n)
a’ n=>0

x,(n) =

1) {o n<0
a’ n<0

x,(n) =

) {0 n>0

—l<ax<l

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

X (@) = _le(n)e_j“’” = Z(ae_j“’)"

Do |ae_j“’ :|a| <1
|
= Xi(@)= 1—qge™®

Xy@)= e =Y (@) =Y (ae'):

Do‘aej“’ = |a| <1
ae’”
= X, (w) = -~
1—ae’




X(0)=X,(0)+X,(0)
1-a’

1-2acosw+a’

X(w) =

TIN HIEL TROMG MIEN THOI GIAM

Tin hiel x(m)
[
n

il It

-10 -8 -f -4 -2 0 2 4 fi a8 10
True thei gian:
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i Dac tinh cua BD Fourier CEKR

. N

PHO CLIA TIM HIEL

Truc tan so; w
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= Dich theo thdi gian

: Dac tinh cua BDP Fourier

BK

TTTTTT

x(n) «Lt— X (o) = x(n—k)«*—e ' X(w)

+ Vi du: tim BD Fourier cia t/h  x(n) =3(1)""u(n-2)

5 () = ) u(m) > X, (@) = ——
= x(n)=6x,(n) <> X(0)=6X,(0) = 1 16 —
—le
= Pao theo thdi gian
x(n) <~ X (o) = x(—n) —— X (-0)
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= Tich chap

TG: Dac tinh cua BD Fourier &ﬂ

. N

x,(n)<—— X, (o) . .
. = x(n) = x,(n) *x,(n)«— X (0) = X,(0) X, (o)
X, (n) < X, ()
4+ Chu y: C6 thé dung BD Fourier thudn va BD Fourier ngugc dé tinh
tich chap
= Tudng quan
xl (n) (L)Xl (0)) F
) F — rxlxz (m)(—)lexz (a)) :Xl(a))Xz(_a))
X, (1) X, (o)

= Pinh ly Wiener-Khintchine

x(n) thuc

=7, ()L5,.(0) = X(@)X(-0)
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T/h RRTG: Pac tinh cua BDP Fourier =

= Dich theo tan s6
x(n) <Lt X (o) =  "x(n)<«f> X(0-w,)
= Dinh ly diéu ché
x(m)«EsX(@) = x(m)cosontoiX(o+0,)+X(0-0,))

= Pinh ly Parseval

{xmn)d—%(w)

X, (n) > X, ()

= Y xmxm = [ X,@X;@do

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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= Nhan 2 chudi (dinh ly clra s6)

{xl (n) <L X, (@)

xz(”)(L)Xz(a))

= 3,1) = % (03, (1) > X, (@) =~ [ X,(2) X (0~ 2)d2

= Pao ham mién tan so

()t X(@) = ()<t dfl (@)
),
= Lién hdp phuc
x(n) «£— X (o) = x (n)«t> X (—o)
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TTTTTT
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= H/t nghi LTI
= Ham dap Ung tan sb: dap U'ng tan so cua t/h ml phuc va t/h sin

Mién thdi gian x(n) y(n)
e—— h(n) ——e
: h(n): ham dap ‘'ng xung don vi
Mién tan sb x(n) y(n)
o— H(@w) ——e
T/h mu phutc H(®): ham dap &*ng tan s6
T/h sin
+ Dap ung tan so cua t/h mi phuc: cho x(n) = Aeien -0 < N <

y(n) = x(n)*h(n) = _ih(k)x(

n—k)

= > h(k)Ae™" ™ = 4’ Y h(k)e "
k=—o0 k=—0

= AH (w)e’"” j
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x(n) = Ael*" |a mot eigenfunction ctia h/t
H(w) la eigenvalue tuong rng
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.
» Biéu dién H(e) §dang cuc  H(w) = ‘H (a))‘ef@(“’)
= Taco - | ” "
H(w) =) hk)e”™ = h(k)coswk — j > h(k)sinwk
k=—00 k=—o0 k=—o0
=Hy(w)+ jH (o)
_ \/ H§ (@) + le(w)ejtan‘l[H,«o)/HR(w)]
Trong do
HR(O))=k—Z_;Oh(k)cosa)k hamchan j H(w) = \/ @)+ H@)  hamchan
O(w) =tan' 242 hamle

H(0)=- Zh(k) sinwk hamle Hy (o)
fk=—00

= Do d6, néu biét |H(w) | va ®(w) trong khoang 0 < w < = thi cling xac
dinh dudc trong khoang -t < w <0
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TTTTTT

= Dap (tng tan sb cda t/h sin
x,(n) = Ae’®" ——— yl(n):A‘H(a))‘ej®(a))ejam

x,(n) = de " —— y.(n) :A‘H(_a))‘ej(@(—a))e—j@n

= A‘H (a))‘e_j(a(“’)e_j o

L)+ ()]
A H(a))‘ cos[a)n + ®(a))]

x(n)=Acoson = %[x1 (n)+x, (n)] —— y(n)

1

x(n) = Asinon =L [x,(n) - x,(n)|— y(n) =Ly, (n)-y,(n)]
= A‘H(a))‘ sin|on + O(o)]
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= Pap Ung cho t/h tuan hoan
N-1

- 2k

i 27k
x(m)=2 e’ H(w) — ym=2 )"
k=0 k=0

+ Dap Ung cua t/h tuan hoan cling la t/h tuan hoan chu ky N

= Pap U'ng cho t/h khong tuan hoan
x(n) y(n)
o—— h(n) ——© v =xn*n(n)
g T
Xg”)_. H((l)) _»éo)) Y(w) = X(w)H(w)

Y (09) = X(0pH(wg) = | H(w) | ®@X ()
=» Thanh phan tan so6 (®,) khi di qua hé thi:
- Bién d6:  co/gian | H(w,) |
- Pha: 1éch pha O(w,)
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’rong mién tan so CEKQ‘

= Quan hé giira ham hé thong va ham dap ('ng tan s6
H(w)=H(z)| _,. = ) h(n)e’™
M z=e — M
Z —k Zbke—]a)k
5 H(w) ==
1+Zak ok
k=1 o
H(e —Z;)

H(a)) b ejw(N M) k ]

H(e]w —Py)
H'(1/2") = H (0) ‘D

H*(l/z*) = H(Z_l)
H ()= H(-0)
= H()H (0)=H@)H(-0)=H((z)H(z™")

H(w)|
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I trong mi€n tan so &ﬂ

.
= Tinh ham dap Ung tan sO H(w)
+Biéu dién dudi dang cuc
{ejw e (a))ej®k(w) lM—[ |
jo
jo _ o 1] O (@) | (e’ —z,)
P =V @ T e

VW) T @) & [T -py

U (@)U, (®)..Uy(®)

H(@)|=|b)

ZH(w) = 2b, + (N — M)+Z® (w)— Zcp ()

+ Do dd, cd thé tinh dugc H(co) néu blet du’o’c zero va pole
cua ham hé thong

+Y nghia ?
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trong mién tan so &ﬂ

= Tinh ham dap U'ng tan s6 H(w)
+ Cho zero z, va pole p,
+ Xac dinh H(w) tai w (diém L)
+ Viéc tinh H(w) tuong ducng viéc
tinh H(z) tai diém L trén vong tron dan vi

CL=CA+ AL AL=CL-CA
;-

CL=CB +BL BL=CL-CB

= CA N . D, (o) elw hOéC
P AL=e" = p, =U(w)e™" || = 1
Zk CB E» . -
el =CL BL=¢"" —z, = Vk(a))ej(@k(w)

+ Su hién dién cua zero gan vong tron dan vi khi€n bién d6 dap Ung tan so tai
nhirng diém trén vong tron gan diém dd nho

+ Ngudc lai, su’ hién dién cua pole gan vong tron dan vi khién bién do dap
Urng tan so tai nhitng diém trén vong tron gan diém doé I6n
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. N

’rong mién tan so CEKQ‘

= Ham tucng quan vao-ra va phd

(M) =ML (M) S, (2)=5,(2)S,(2) = HEH()S, ()

r,(m)=h(m)*r, (m) S, (2)=H(2)S (2)
Ph6 mat do ning luong Syy () = ‘H(a))‘z Sxx ()
Phé mét 40 ning lugng chéo S, (a)) = H(®)S.. (a)) = H(o)| X (0)|
Nang luong tong ~ E, = 7,,(0) = j S, (0)do = — j H (0)]" S, (0)dw
Neéu t/h nhap c6 pho phang _ — —
S, (®)=E_=constkhi-n<w<n (@)= H(O)E, Hw) E 2 (@)

X
Dung trong viéc xac dinh h(n) cua h¢ la: «: @ L
tac dong vao h/t t/h cé pho phang h(n) = (m )
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BK

TP.HCM

= B0 loc
+ Thiét bi dung dé x{r ly tly theo dc tinh cda t/h tdc déng vao h/t
+ Vi du: bo loc khong khi, b loc dau, bd loc tia cuc tim

= Hé LTI
+ Y(0) = H(o)X(»)
+ Thay d6i phd t/h nhap tuy theo dic trung cla dap Ung tan s6 H(o)
+ Hé LTI dudc xem la bd loc tan s6: H(w) ddng vai tro ham tac dong

ho&c ham chinh phd
+ Co6 tac dung
« Loai bd nhiéu trén t/h
« Tinh chinh hinh dang phé cla t/h
 Phan tich phd t/h

» Phat hién t/h trong Radar, Sonar
= Phan loai bo loc
F | Iter
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Hé LTI va bé loc

Q‘B’g‘
TP.HCM

D N

A

H(w)

Lowpass
1
W
—TT —, W, T ]
+[H(o)|
Bandpass
1
" w, T

+[H(o)|
Highpass
B 1 A
&
T —, ®, T
+[H(w)|
Bandstop
1
T —, W, T i
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= BO loc ly tudng
+ Dac trung cla H(w) ly tuéng

 Bién do = hang sO A, trong vung tan s6 dugc qua
= 0, trong vung tan s6 khong dugc qua
* Pha tuyén tinh ( = -am, a: hang so6)
+ Minh hoa
* T/h x(n) vGi cac thanh phan t/s trong khoang [0, ®,]
- Ham dap (ng tan so H(w)= {Cefw"o 0 <0<,
0 otherwise

- Pho t/h tai ngd xudt  Y(w)=H(®)X(0)=Ce ' X(®) (0, <o <0,)

- T/h ngd xuat  y(n) = Cx(n-n,)

- x(n) khi qua bo loc ly tuéng
n bihdel)ay: 14(0) = -dO(w)/dw = ny (tat ca cac thanh phan t/s déu bi tré nhu

NnNnau
= bi co gian bién d6
+ Trong thuc té khong hién thuc dudc tinh trang ly tuéng, ma chi la
xap xi cua no
DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 64



Hé LTI va bo loc &ﬂ

= Thiét ké b0 loc bang s do zero-pole
+ B0 loc s6 don gian nhung quan trong
+ Nguyén ly: d&t cac pole gan cac diém trén vong tron don vi tuong (ing vdi
cac tan s6 can nhan manh (c6 goc pha bang tan s6 dudc cho qua bo loc) va
dat cic zero gan cac diém tucng Uing vdi cac tan s6 khéng mudh
+ Rang budc
 Pole bén trong vong tron dan vi (dé hé 6n dinh). Zero cd thé ndm bét ky & dau
trén mpz
» Cac zero/pole phiic phai theo tirng cip lién hgp (d€ hé s cla bd loc 1a sb thuc)

« Chon by thich hgp dé& chuan hoda dap (ng tai tan s6 dugc cho qua bd loc (dé
| H(wp) | = 1, oy la tan s6 trong bandpass cua bd loc)

M M
Zbkz_k 1_[(1—21‘72_1
k=1

H(z)=—% =b, %
1+Zakz_k I_I(I—p,{z_1
k=1 k=1
G =b,: d0 lo1
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BK

TP.HCM

= B0 loc thong thap (lowpass)

+ Pat pole gan cac diém trén vong tron don vi cd tan s6 thap (o = 0)
+ D3t zero gan hodc tai cac diém trén vong tron don vi co tan sb cao (o = =)

e

= B0 loc thong cao (highpass)

o
Nl

A

A

+ Tuong tu nhu bd loc thdng thap, bang cach 1ay doi x{rng cac zero/pole qua truc ao

clia mpz
+ Trong biéu thic ham h/t, thay z bdi —z

-
.

o

Y
y

4
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BK

TP.HCM

= Vi du: bo loc thong thap ag09  Biend
(lowpass) mot pole oal

+ Ham hé thong
l—a
H(z)= -
l—az |
+ DO Igi G dudc chon (1-a) 3
dé bién do H(z) bang don .
vikhiow =0
+ Viéc thém zero = -1 sé
lam suy giam dap ung
cua bo loc & tan sb cao

1 0.2+

+ Do do 1
l—a 1+z
H, (z)=
)= e
+ | H,(») | gidm bang 0 khi
O =T
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i
= BO loc thong cao a=0.9 . SIEN B9
(highpass)
+ C4 thé dat dugc S ooy '
tr bd loc lowpass | ]
bang cach thay z ok —= : = B
bGi —z

1

l—aq 1+z
H, (2=

0 1.57 3.14
DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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I va bd loc P,

. N

= BO loc bandpass
+ Nguyén tac: dugc thuc hién tuong tu’ lowpass va highpass
+ CO mot hoac nhiéu cap pole lién hdp phidc gan vong tron don vi, trong vung
lan can dai tan so cho phép

+ Vi du: thiét ké bo loc bandpass thoa:
e Tam cua passband = =/2. Bap 'ng tan so6 tai tam do = 1
» Pap ’ng nang lugng = 0 tai cac tan s6: 0,
e Pap Ung nang lugng = /\5 tai cac tan so: 4n/9

Pole p,,= re’?
x(n)! A  y(n) |
] D> @@ l " Zero z,=+%l
: : B 2
a B | R
: : z—jr)z+ jr zZ°+r
g —»D—»@ @FQH i J J
|z 1 =
- F Hé =L 7 |r=2J07
I %D— - ] 1—z72
1+0.7z
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H(z)=0.15

-1.87

20log10[Hig)|

|
-1.57
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CEKQ‘
TP.HCM

. N

= Bién ddi don gidn tur bd loc lowpass sang bd loc highpass
+ Tao b loc highpass bang cach dich H, (o) mét doan = (nghia la thay
thé o boi o — =«
Hpp(®) = H(0 —n)
+ Trong mién thai gian
hyp(n) = (em)"h(n) = (-1)"h,(n)

y(n) = —Z ay(n—k)+ Zka(n —k)y  y(n)= —Z (=D a,y(n—k)+ Z (=D byx(n—k)

| 1

M . M .
Zbke—]a)k Z (_ l)k bke—]a)k
H,(0)=—2—— [ H,(0)=—-5 |
1+Zake_”"k 1+Z(—l)kake_”’k
k=1 k=1
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&g‘
TP.HCM

= B0 cOng hudng so
+ BO loc bandpass 2 pole lién hgp phic gan vong tron dan vi
+ Vi tri goc cua pole xac dinh tan s6 cong huong
+ Chon pole lién hgp phic p, , = ree0 (O<r<1)
4+ CO thé chon thém t3i da 2 zero
» Hodc zero tai goc toa do
» Hoadc zero tai +1
» Cho phép loai bo cac dap Ung cua bd loc tai ® = 0 hoac o = =
+ Gia su zero dugc chon tai goc b,
(1=re’®z ) (1—=re’™z ")
* Do |H(w)| 6 dinh tai (hodc gan) o = ®y, nén
bO

(1 . reja)o e_fa)o )(1 _ re—jwoe—ja)o )

H(z)=

H (w,)| = =1

b, :(l—r)\/1+r2 —2rcos2m,
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TP.HCM
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= BO loc khe V (notch)
+ Chla mot hoac nhiéu khe sau,
cd dap Ung tan s6 bang 0
+ Dat mot cap zero lién hdp
phtc trén vong tron don vi, tai
goc o, tuc Z,, = LY
+ Ham h/t

H(z) =b,(1-e’”z)(1-e "z

=b,(1-2cosw,z" +z7?%)

+ Nhudgc diém
» Khe c6 do rong kha Ién
» Thanh phan tan s6 xung
quanh o, bi suy hao
e P/p khac phuc: ad-hoc (nhiéu
p/p khac dugc trinh bay &
chucong 8)

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

[Higa ]l

2000, H(w)l

| |
-3.14 -1.67 o 1.87 3.14

3.14

1.587 F

-1.57

i)

-3.14 : :
-3.14 -1.57 o 1.87 3.14
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= P/p khac phuc b0 loc notch
+ Dat cap pole lién hgp phuc tai
wy dé cOng hudng trong vung
lan can o, i
P, =re

9

J®g
+ Ham h/t
1-2cosw,z ' +z7

H(z)=b
(2)=0s 1-2rcosw,z” +r’z™"

+ Nhudgc diém:

» Ngoai viéc giam bang thong
cua khe, pole cling tao ra cac
lan tan (ripple) trong bandpass
cla bo loc (do viéc cong
hudng)

« Khac phuc ripple bang cach
thém zero va/hodc pole — th(r
va sai

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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n&h
E06|
T

0.4F

02r

314

1.87 ¢

Blm)

187




CEKQ‘
TP.HCM

= B0 loc rang lugc (comb)
+ La bo loc notch v@i cac khe xuat hién tuan hoan

+ Ham h/t

H(z):kz(;h(k)z-" H(a))th(k)e‘f"@

+ Thay z bang z* (L>0)
M M
H, (2)= h(k)z™" =0 H, (0)=Y h(k)e ™ = H(Lw)

+ Dap Ung tan s6 H (o) chinh la viéc lap bac L cua dap Ung tan s6 H(w) trong
khoang [0, 2x]
- Néu H(w) cé mot phd khéng tai tan s6 o, nao do, H (o) sé& cd cac phé khdng
rang lugc tai o, = wg+2nk/L (k=0, 1, 2, ..., L-1)

H(w) Ha(w)
/” w

21 21 w2 w 3mn/2 27t=

vg
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- Vi du: bd loc trung binh y(n)zﬁkz;x(n—k)

M (M +D)
H(zy=——y ot =L 12

< M+14< M+1 1-z7"
z, =&/ =123 .M

=€~ o)
J M+1 sm%

o, =2nrk /(M +1)

\

H ( ) 1 l—Z_L(M+1) H ( ) e_jcoLM/Z SinLO)(M2+1)
Z)= ) =
L - .
M +1 I_ZL ’ M+1  sinte
M=10 & L=3
| x(n)
081 —
£ osf h(0)
0.4F
n_z-
—3.14 -1.57 ] 15? 3.14 -5_14 -1_;5? 1] 157 314
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= B0 loc Allpass

+ |H(w)| =1 (0<w<n)
+ Loai don gian nhat: H(z) = z %
+ Loai khac

H(z)=%% a, =1,a, real
Z akz_k
N k=0 -1
A(z) = Z a,z" a, =1 :- H(z)=z" Ajé))
k=0

- Néu z, la pole cia H(z), thi 1/z, la zero cla H(z)

y A

A
(r_la('oo)
(I',O)O)
W9
o a /1 a O™
(r,—c)o)
(r_la_wo)

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 78
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H,(z)

BK

TP.HCM

. N

r’+2rcoswyz” +z7

1-2rcosw,z” +r’z"

2

r=0.9
w, = T/4

2log, Ho)
b
(|

-1.87

-3.14
-3.14

DSP — Lecture 4, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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CEKQ‘
TP.HCM

= B0 dao dong sin so
+ BO cong hudng 2 pole, trong d6 cac pole nam trén vong tron don vi

b a, = —2rcos @
H(z2) = ——*—— .
l+az +a,z a, =r
. b.r" .
+ Pole p,, = re*’”* va dap (ng xung don vi h(n) =— sin(n + D)o, u(n)
sin®,

+ Né&u pole nam trén vong tron don vi: r = 1 va b, = Asino,
h(n)=Asin( n+ 1) u(n)

x(n)=(Asinw,)d(n) R ’ y(n)=1§sin(n+1)oa0
y(n) =-a,y(n—1) —a,y(n—2) + byo(n) ‘: N *
| a;= —2cosm,
—a, a,= 1
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BK

. N

TIN HIEU TRONG MIEN THOI GIAMN

= Bién dGi Fourier lién tuc !

x(n) = 0.8"u(n
x(n) = B 4
Mién th(‘)'i gian DD 2 1‘1 ‘ l ‘Tglu(j"miu G]lArJJLnT 1L T 116 ; 118 : 20

Mién tan so

o 52.57 %
X(@)= Y x(me ™ |4
n=—o0 L _— , S
= Van d‘,é:hX(co) lién tuc theo tan s6 @ — khong thich hgp cho viéc tinh toan trén
may tin

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 2



.3y mau miéen tan so

PHO BIEN DO
5 : :
45
A1
35
= 3r
Q) z
£33
2 |-
15}
‘I |-
DS 1 1 1 1
1 2 3 4 5
TRUC TAN SO: w

PHO BIEM DO

EAIREN R (]

X(k)= X (o =2k)

0 1 2 3 4 5]
TRUC TAN 50: w

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

anglel ) va angleld (k)

angla( ()

08

06

0.4

0.2

04}

06|

D8t

PHO PHA

3 4 5 B
TRUC TAM SO: w

PHO PHA

N=10

3 4 5 B
TRUC TAN S0 w




Lay mau mién tan s6 gEKQ‘

X) = XEk)= Y x(me N k=0,,..,N~I
- .2,:—00 N-1 ey 2 .
X(k) =A+ Z:x(n)e_]W " +Zx(n)e_]N + Zx(n)e v
n=—N n=0
o IN+N-1 21
— Z Z x(n)e '
[=—0 n=IN
N-1 .
- {ZX(H IN )} R Thay n bang (n-IN)
n=0 [/
= X (k)= pr (nye ¥ voi  x,(n)=> x(n—IN)
n=0 [=—

= T/h x,(n) — 18p chu ky clia x(n) m6i N mau — t/h tuén hoan véi chu ky cg ban N
N-1
x,(n)= cheﬂ”k”w n=0,1,.,N-1

1 N-1 '
——pr(n)e_ﬂ”k”w k=0,1,..,N-1
=0

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



.3y mau miéen tan so

¢, =— X (k) k=0,LK,N-1

N-1 ar
x, (1) = %Z X (ke ™" n=0,LK,N—1
k=0

= C6 thé phuc hdi t/h x,(n) tir cac mau clia phd X()

¢ X(n)

|

x,(n) 0<n<N-I
n X(n)=
[ 11, . 0 others

N>|

[IIT'rv.

N<|

|11

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 5




L3y mau mién tan so

D g
= C6 thé phuc hoi X(o) tir cdc mau X(k) véik = 0, 1,..., N-1
+ Gia s N> L — x(n) = x,(n) khi0 <n <N-1
1 N-1 .
x(n) _ _ZX(k)eJZﬂ:kn/N
N ko:oo N-1 1
X(w) = Zx(n)e‘j“’” = Z{ ZX(k)e’Z”k”/N}e’m
N=—00 n=0
N-1 1 N-1 _
— X(k)|:_ze](a)27rk/N)n:|
k=0 N n=0
1 & 11—/
Plw) =—) e’ = :
(@) N nz(; N 1-¢e7°
_ sin(wN /2) i (N-1)12 N2>L

X(0) = fX(k)P(w _2z k)

Nsm(a)/2)
Pz k) = 1 k=0
0 k=12K 6 N-1
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L ay mau mién tan so6

co chiéu dai L<N

x(n) 1 < 2k
. x(n)=ﬁZX(k)e ¥
k=0

0 N-1
X(@)= > x(n)e’™ X(w)=) X(k)P(o-0,)
n=—0o0 k=0
1 N-1 .
P(w)=—>» e’ o, =%k

N k=0

X (k) = Nz_lx(n)e_j%kn

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 7




L3y mau mién tan so

= Vidu: x(n) = a"u(n), O<a<1

+ Ph6 t/h dugc &y mau tai cac tin s6 o, = 2nik/N, k—O 1,

X(@)=Ya'e =

X(h) = x(2

T/H MIEN THOI GLAMN

x,(n) = ix(n—l]\@

0
_ Zan—uv _ a
[=—o0 1-

0

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

, N-1
1

)_

Xl

|4 2kt

—72nk/ N
—qe '

PHO BIEM DO

5.28

] 314
o3}

L&Y MAL PHO T/H

| HH\‘HHHmmuummmmHHHHH

0 10 20 30 40 a0




Bién doi Fourier rai rac (DFT) &KQ‘

Chuoi khdng tuén hoan, néng Iu’dng hitu han x(n)
Cac mau tan s6 X(2nk/N), k = 0, 1,..., N-1 khong dac trung cho x(n) khi
X(n) co chiéu dai vo han
NG ddc treng cho chudi tudn hoan, chu ky N x »(N)

X,(n) la Iap tuan hoan cua x(n) néu x(n) co chleu dai hitu han L <N
Do dd, cAc mau tan so X(27k/N), k = 0, 1,..., N-1 dac trung cho, chuoi
chiéu dai hiiu han x(n); i.e. X(n) co thé du’dc phuc hoi tlr cac mau tan
sO {X(2nk/N)}

X(n) = x,(n) trén mot chu ky N (du’dc dém vao N-L zero). M3c du L mau
cua X(co)D co thé tai tao lai dugc X(o), nhu’nﬂ viéc dém vao N-L zero gilp
viéc tinh todn DFT N diém cla X(o) cTong nhat hon

N-l oy N-l oy
X(k)="Y x(n)e """ x(n) = 1 > X (ke "

n=0 N k=0
k=01K,N—1 n=0,LK,N—1

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



Bién doi Fourier rai rac (DFT) &

. N

= Vi du: xac dinh DFT N diém cla chuoi x(n) cé dé dai L hitu han (N>L)

1 0<n<L-1 Cion S
x(n) = X(w) = Zx(n)e o = Z e’
0 others n=—oo n=0
PHO BIEN DO —joL

1-e _ sin(wL/2) o o(L D)2
1-e’®  sin(w/2)

=
| 1 |
0 157 3.14 471 5.28
PHO PHA
3141
157}
ER
I
157L
3.14 ' . . |
0 167 3.14 471 5.28

m

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 10



Bién doi Fourier rdi rac (DFT)

|20 2k

Bl 2k

| R0 2k )|

Bl2ukil)

TTTTTT

h




DFT — BD tuyen tinh

X (k)= sz x(n)e /7"

k=01K,N-1

X (k)= Nilx(n)W]f"

k=01K N -1

Tinh DFT mot diém
- Nhan phdec: N
- Cong phurc: N-1

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

CEKQ‘
TP.HCM

. N

N-1 2
()=~ X(k)e'
N i

n=01K 6 N-1

e

Nghiém th(r N ctia dan vi

) = %Z X (kW7

n=01K 6 N-1

Tinh DFT N diém
- Nhén phdrc: N2
- Cong phurc: N(N-1)




. x(1) Cac mau mién %
N M thai gian
| x(N-1)
] 1 1
1 W, W
W, = 1 /4 W
M M M
1 W]é\/—l W]\%(N—l)
= BD DFT N diém
Xy =Wyxy

Q» R
xN_lWJ:;XN

— N

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

X0
X1 C4c mau mién
M tan sb
| X(N-1)
A i
A Wy .
A 72V Ma trarL ,
N BD tuyen tinh
M
A WA(]N—I)(N—I)
-1 *
Wy =Wy W, la ma tran
WNW]:; = NI, dudng chéo

13



DFT — Quan hé vai cac phép BD khac &ﬂ

= VGi hé s6 Fourier clia chudi chu ky

IS —— ey e e . e
Chudi x.(n) tuan hoan chu ky N DFT N diem cua chuoi x(n)
N1 21 1 1 & J2Ekn
x,(n)=>) c,e’” x(")=NZ;X(k)€ .
k=0 n=

n=01K,6 N-1

—0 < pn <
X(k) = Nc,
1 N-1 5
2

N-1
_ -J _ 2
“ = N pr s DFT N diém cho chinh xac X (k) nZ_;) x(n)e
phé vach cua chuoi -
tuan hoan chu ky N k=0LK,N -1

k=01K ,N—-1

= VGi BD Fourier cia chuoi khéng chu ky
+ DFT N diém cho phé vach cta chudi khdng chu ky x(n) néu x(n) hitu han cé

dodaiL<N
= SV xem thém modi quan hé gilra DFT va BD Z; gitta DFT va hé so Fourier
cua t/h LTTG

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 14



Du’(yn% Chiéu duong

—
| | | | 1 > n:l
-2-1 0 12
n=0
n=1

9

hiéu am

o B R )

S 3 o

2 prmee x(2) > x(0)
L n

v

0 1 2 3
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n tin hiéu theo vong &

. N

= Chudi tuan hoan chu ky N, md& réng tir x(n) x,(n)= > x(n—IN)

- Chubi dich x(n) di k mau X, (n)=x,(n—k)= 2 x(n-IN-k)
[=—00
x;,(n) 0<n<N-1

= Chu0i c6 chiéu dai hitu han tir x',(n) x'(n) =
0 otherwise

= Quan hé gilra x(n) va x'(n): dich vong x’(n) = x(n-k, MOD N) = x((n- k))N

x(n) 3 4 X,(N) 3 4 3 4 3 4 X,(N- 2) 3 3
2 2 2 2 2 2 2
2 { ;:" IT[ ITMIT ;:" 4 3 {1
0123 4-3-2-101234567 1 3456789
x(1) x'(1)
4, X(N)
3
{ y 2{ x(2) x(0) x'(2) x'(0)
0123

X(3) X'(3)

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 16



DFT — Tinh doi xirng vong &ﬂ

. N

hép dich vong clia mot chugj N diém tuong dudng véi
nep dich tuyen tinh cua chuoi ma rong tuan hoan cua no

O T T

ubi N diém la chan theo vong néu nd ddi xiing qua diém
0 tren vong tron
+ie.X(N-n)=x(n),0=ns<N-1

= Chuoi N diém Ia /é theo vong néu né phan déi xiing qua
diem 0 tren vong tron
+ie.X(N-n)=-x(n),0=sn<N-1

= Dao, theo thdi gian cua chuoi N diém: dao cac mau cla
chudi quanh diém 0 trén vong tron
+ie.x((=n)y=xX(N-n),0=n<N-1
+ Phép dao dugc thuc hién bang cach vé x(n) theo chiéu kim déng ho

DSP - Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 17



= Gia su x(n) va BD DFT X(k) la t/h phutc
+ x(n) = xz(n) + jx;(n), 0<n<N-1
+ X(K) = Xg(K) + X;(K), O<k<N-1

( N-1
X o (k)= [xg(n)cos 22 + x (n)sin 2z ]
X, (k)= —Z [xR (n)sin 22 — x,(n) cos 2”"”]

DFT — Tinh doi xirng vong

n=0

= N&u x(n) thuc: X(N-K) = X*(k) = X(=k)
— k)= -2 X (k)

X (N —k)|=|X (k)| va ZX (N

&g‘
TP.HCM

. N

1 N-1 .
xp(m)=—2 [X  (h) cos 22 — X, () sin 22k |
k=0
1 N-1
x,(n)= N 4 Z [X (k)sin 22 4+ X (k) cos 27'ckn]

= Néu x(n) thyc va chan: x(n) = x(N-n) — X(k) = 0

X (k)= Zx(n)cos 2z

x(n) = L ZX(k) cos 2z

= NéEu x(n) thu’c va Ie X(n) = —X(N-n) —» Xg(k) =

2mkn

X(k)=- ]Zx(n) sin 224

n=0
= NEu x(n) thuan ao: x(n) = jx,(n)

N-1
X, (k)= Zx, (n) sin 2z
n=0

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

x(n)=j— Z X (k)sin 22

N-1
X, (k)= Zx, (n) cos 2z
n=0
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DFT — Tinh chat

&g‘
TP.HCM

. N

= Tuan hoan DFT

x(n) <« — X (k)

x(n)=x(n+ N)
= X(k)=X(k+N)

YV n
Yk

= Tuyén tinh

{xl(n)< DITy s X (k)
x,(n) <2 5 X (k)

DFT,

= a,x,(n)+a,x,(n)<

>a, X, (k) +a, X, (k)

= Tong chap vong

DFT

X, (n) < - X, (k)

- X, (k)

DFT

DFT

|

— x1(n)®x2(n)<_

X, (n) <«

- X, (k) X, (k)

@) Tich chap vong N diém

x,(n) Nox, (n) = Z x, (k)x, ((n = k)

n=01K 6N-1

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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DFT — Tich chap vong CEKQ‘

D i
{xl (n) <20 X (k) x(m) =IDFT{X(k)}
N-1
xz(n)%)(z(k) :%ZX(k)ej%km
x(m) <« X (k) = X, (k) X, (k) .
1 « 2
=— > X, (k) X, (k)e' "
[N a=1 NS
a" =11-a" Bl | ek | e
k=0 a+#l = N x(n)e sz (De e
L l_a k=0 [ n=0 /=0
, jZW”(m—n—l) 1 N-1 N-1 N-1 P25 k()
Trong do a=e = Y X (n)z X, (I)Ze v
a=1,khi:m—n—-Il=pN,pe”Z n=0 1=0 k=0
azl=a" =" =1=1-a" =0
=0 0 otherwise -

x(m) = le (n)x,((m—n)), m=0,LK,N-1

x(n) = fxl (k)x,(n—-k))y, n=0LK,N-1

DSP - Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 20



= Pao vong

= Dich vong

DFT — Tinh chat

theo thai gian

x(n) <2 X (k)
= x((—n)) = (N —n) 2L X ((-k)), = X (N ~k)

theo thdi gian

x(n) <=2 X (k)

= x((n—-10)), <« X (k)e /™"

= Dich vong

theo tan soO

x(n) <2 X (k)

:>x(n)ej2”””N< Dy > X ((k=1)),

= Lién hgp phuc

x(n) <« X (k)
{x*(n)< DITy s X ((—k)), = X (N —k)
—

x (=n))N =x (N —n) <« X7 (k)

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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TP.HCM

. N
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DFT — Tinh chit P8

. N

= Tudng quan vong

x(n) <2 X (k)

DFTy,

y(n)< > Y (k) - N-1 )
- R ) voi 1y (l) = Zx(n)y ((n=10))y
= ro(l)«—2>Ry(k)=Xk)Y (k) n=0

= Nhan 2 chudi
{xl(n)< DITy 5 x (k)
x,(n) <22 5 X (k)

= x,(1n)x, () <205 L X, (k) NX, (k)
= Dinh ly Parseval

DFT

x(n) <« — X (k)

— Y (k)

= Z x(n)y’ (n) = Z X (k)Y " (k)

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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y(n) <«
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tuyén tinh CEKR

* Y(0) = Ho)X(w)
+ Ham lién tuc theo tan so o
+ Khé thuc hién trén cac may tinh so
— DFT: mét cach tinh hiéu qua cuta téng chdp mién thdi gian
= Loc tuyén tinh (n -
' , y(n) | — _
+ Tin hiéu ngan (ol h(n) - y(n) kzz(;h(k)x(n k)
x(n) chi‘éu dé‘]i =L (n=0,1,...,L-1) y(n) chiéu dai N = M+L-1
h(n) chieu dai = M (n=0,1,...,,M-1)
S6 mau phd (tan s6) can thiét dé€ biéu dién duy nhat chudi y(n) > L+M-1
Y(k) = H(K)X(k), k=0,1,...,N-1
H(k), X(k): DFT N diém cta h(n), x(n) i
(cac s6 0 dudc dém vao dé téng kich thudc chudi 1én N)

y(n) = IDFT\{Y(k)}

g v&i tong chap tuyén tinh cu:

ugc dung dé loc tuyén tinh

DSP - Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 23



(_)c tuyén tinh &ﬂ
T

= TOm tat
x(n) N X (k)
DFT - Y(1) = X(OH()—— 25N y(n)
h(n) N HK)

= Tin hiéu nhap dai: chia nho x(n) thanh tung block
co6 do dai co dinh

+ Overlap-Save
+Overlap-Add

= Gia thiét
+ B0 loc co h(n): chiéu dai M

+T/h nhap x(n): dugc chia nhé thanh tung block co chiéu
daiL >> M

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 24



yén tinh — Overlap-Save &ﬂ

. N

= DFTy va IDFT vGi N = L+M-1
o M0| block dir I|eu dugc xu ly bao gom (M - 1) diém cla block trudc va L
diém mdi cla t/h nhap
+ M-1 diém cla block ddu tién dugc set bang 0
= Dap Ung xung cua bo loc dugc dém thém (L — 1) s6 0 dé téng chiéu dai

lén N
+ DFT cua N diém cda h(n) dugc tinh mot Ian duy nhét

Input >

Add M-1 zeros L L L
X;(n) = L |

X,(n) . M=) L I

X5(N) > V1] L ’
Output M-1] L

M-1] L
Discard — 5] L

DSP — Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

25



tinh — Overlap-Add CEKQ‘

. N

= D&m thém (M-1) sd 0 vao moi block dif liéu dau

vao
Input g
//—\

x,(n) . [ ‘- | (/ﬁ Zeros
X,(N) g L -
X3(n) > L M-1]
Output L M-1]

+

T L E

T L [M-1]

Phuong phap hiéu qua hon dung dé xac dinh bd loc tuyén tinh
dugc trinh bay trong chuang 6

DSP - Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 26



DFT — Phan tich tan so CEKQ‘

= T/h ngan

+ Tinh DFT tU x(n)
= T/h dai

+ CUlra s6 hoa

x(n): t/h can phan tich
Gidi han chi€u dai chudi mot khoadng L mau
<> Nhan chubi véi clra s6 chiéu dai L

Ham clra s6 c6 chiéu dai L
chi phan biét dugc
néu cac tan so cach nhau
it nhat mot doan

_ 21
Aw ==

X,(n) = x(nN)w(n)
w(n): ham clra s

Ctra sb chi¥ nhat Ctra s6 Hanning

1 0<n<L-1 L(l-cos%n) 0<n<L-1
w(n) = w(n) =

0 otherwise 0 otherwise

DSP - Lecture 5, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 27



DFT — Phan tich tan s6 &ﬂ

& o
1 0<n<L-1

0 otherwise

= Vidu

x(n) =coswn+cosm,n w(n) = {

)A((a)) :%[W(a) —0)+W(@-0,)+W(®+0,)+W(o +a)2)]

2 A0 ¢

®,=0.27 L=25 L=50
1 20F a0t
®,=0.221 ol
ol 20}
r—\ 10}
1 > n A ot = N
RO ri cong suat o123 3 2 4 0 1 2 3
a0 ¢ B ¢
L=75 ol L=100
30| y % ol
20+ an |
- WWVWM[
°3 2 K 0
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Tinh DFT & IDFT

|
— —

Tinh truc ti€p Bién doi W,
|

Chia-Tri Loc tuyén tinh
Sy I (N S A S

Caoso 2 Codso4 Tachcoso @ Goertzel Chirp-z
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& IDFT &

. N

= Tinh DFT: xac dinh chudi N gid tri phdrc {X(k)} khi biét trudc chuoi
{x(n)} chieudaiN , ,

DFT Xk =) x(mwy 0<k<N-1
i

IDFT x(n)z—ZX(k)W];k” 0<n<N-1
+ Giai thuat tinh DFT cung du’dc ap dung cho viéc tinh IDFT
= Tinh truc tiép NI - o
+ N2 phép nhan phuc Xy (k) = D [x,(n) cos( 5m) + x, (n) sin( )]
+ N(N-1) phép cong phirc - ”ZNO_I
— D0 phuc tap : O(N?) X, (k) ==Y [x(n)sin( 222) - x, (n) cos( 224)]
= Bién doi W, \ (6 ZO g N ! N
+ 2N2 phép tinh lugng giac , )
+ 4N2 phép nhan s6 thuc Giai thuat tinh DFT t6i wu moi phép toan
+ 4N(N-1) phép cong so thuc theo nhirng cach khac nhau
+ MOt s6 phep toan chi s6 N K+N/2 _ gk
va dia chi dé nap x(n) Do1 xing Wi Wy
Tudn hoan W =wy

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 3



Phuong phap chia-tri B,

. N

= Nguyén tac: phan rd nhd viéc tinh DFT N diém thanh viéc tinh cac DFT kich
thudc nho hon — cac giai thuat FFT

= Phucong phap
+ Gia sir N=L.M
+ Luu trlr x(n) vao mang 2 chiéu LxM (I: chi s6 hang, m: chi s6 c0t)

n—- 0 1 2 N-1
x(0) x(1) X(2) X(N-1)
| 0 1 M-1
m

0 x(0,0) x(0,1) x(0,M-1)
+ Cach Iuu trit 1 x(1,0) x(1,1) x(1,M-1)
* Theo dbng n=Ml+m 2 X(ZIO) X(zll) X(ZIM-]')

¢ Theocotn =1+ mL
L-1 x(L-1,0) | x(L-1,1) x(L-1,M-1)

+ Tuong tu, cac gia tri DFT X(k) tinh dugc cling sé dugc luu trir trong ma tran LxM
(p: chi sO hang, q: chi so cot)

» Theodongk =Mp + g
e Theocdtk=p+qL

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



Phuong phap chia-tri &ﬂ

. N

N-1
X (k)= x(mywy 0<k<N-1
Vi,i: ( ) th '\t " M-1L-1 l
X(n : theo coO (Mp+q)(mL+1)
X(k)  : theo hang X(p.q)= 2 x(1, mW
m= =

Ni
i =1

mglL mq mq
WN o WN/L T WM

Mpl pl _ pl
WN o WN/M T WL

W]\(/Mp+q)(mL+l ) _ W]\]}lepW]\’?LqW]f‘,/[plW]éq

L-1 M-1
_ lq mq Ip
X(p,q) = Z Wy {Zx(l,m)WM } W, (1): Tinh L DFT M diém
l;:O _ \m:O /o + Nhan phtc : LM2
R + Cdng phrc : LM(M-1)
@ DFT Mdiem . . | (2): Tinh G(,q)
: ® F(l,q) ) + Nhan phtc : LM
e (3): Tinh X(p,q)
3 G(l,q) 5 + Nhan phtc : ML2
N / A o _
~ tCQng,j phuc : ML(L-1)
@ DFT L diém > D0 phifc tap
X(p,a) +Ntmén ph%'rc N(M+L+1)
DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE aCongphvcpahiiiiiae) 5




Phuaong phap chia-tri

BK

TP.HCM

= Hiéu qua
PP tinh truc ti€p
e Nhan phiic : N2

PP chia-tri
e Nhan phdc : N(M+L+1)

e (COng phuc : N(N-1) e (COng phuc : N(M+L-2)
N=1000 — L=2, M=500
106 nhan phiic — 503,000 (~ N/2)
= PP chia-tri rat hiéu qua khi N= r,rr;...r,
+ Phan ra nho hon dén (v-1) lan
= Giai thuat
n=I1+mL n=M+m
k=Mp+q k=qL+p
(O Giai thuat 1 ) (o Giai thuat 2 )

Luu trilr t/h theo cOt

Tinh DFT M diém cta moi hang

Nhan ma tran két qua vGi hé s6 pha W,
Tinh DFT L diém clia moi cot

Doc ma tran két qua theo hang

9 g g R =

& p

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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Luu trlr t/h theo hang

Tinh DFT L diém clia moi cot

Nhan ma tran két qua vai hé s6 pha W,
Tinh DFT M diém cta moi hang

Poc ma tran két qua theo cot




Phuong phap chia-tri &

= Md hinh tinh todn DFT 6 diém thdng qua viéc tinh DFT 3 diém va DFT 2 diém

v
X
—~
N
~

________ R ---------‘:‘)‘(z¥§5)
£
L = > X(0)")
N
n >X(3)
o

= Giai thuat tinh FFT cd s6 2
+ NEu N = ryryrs...r, = ¥ — mb hinh tinh DFT ¢6 cau tric déu (chi ding 1 DFT r diém)
+r=2-FFTcos6 2
+ ChonM =N/2valL=2

x(0) x(1) X(2) X(N-1)
Giai thuat _ _ =M-
chia theo thdi gian =0 i g m21 le\/;1 f.(2n)
=0 RONECENEINECEE n=0,1, ..., N/2-1
=1 x(1) | x@) | ... [x(N-1)| f(2n+1)

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 7



N-1
X(k)y =) x(mwy k=0,1,., N -1
n=0

= _Z: x(n)W,\" + Z x(n)Ww "

n even n old
(N/2)-1 (N/2)-1
= > xCm)Wy™ + Y x2m+ W e
m=0

m=0

(N/2)-1 (N/2)-1
XUy = 2 AW+ Wy 2, L mW
=FE(k)+WiF,(k) k=0,,..,N-1
fi(m) «——> F (k) k=01,..,N/2
fo(m) «—m—> F, (k) k=0,,.,N/2

{X(k)—F(k)+W"F(k) k=02 1%

Xk+X=Fk)-W.F, (k) k=0,].,%X-1

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

992

<

Wz\% =Wy

F,(K), F,(k) tuan hoan

chu ky N/2

Fi(k+ N/2) = Fy(Kk)
Fo(k+ N/2) = Fy(k)

K+N/2 _ k
wy" Wy



1
G,(k)=W.F, (k) k=0,,.,%—-1

G
_‘ Gy(k)—> BIP U

—*X(k)

X (k+ N/2)

X (k)= G (k)+G, (k) k=01,

{Gl(k)=F1(k) k=0.1,.,5—
{X(k +0)=G,(k)-G,(k)  k=0,L,..,

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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CEKQ‘
TP.HCM

= Tiép tuc phan f,(n) va f,(n) thanh cac chudi N/4 diém

(v, (n) = f.(2n) n=0,,., %1
vio(n)= f(2n+1 n=0,1,.,%~-1
Jvi () = Ji( ) : ) —— DFT v
v, (n) = f,(2n) n=0,1,..,5-1 N/4 diém
v, ()= f,(2n+1) n=0,1,..,4-1
(F(ky=V, (k)+ W} V,(k) k=0,,.,4%—1
< F(k+X) =V, (k)-Ws.V, (k) k=0,,.,%-1
F,(k)=V, (k)+ W, V., (k) k=0,,., %1
\Fz (k + %) =V, (k) - Wz\lfc/szz (k) k=0,.1,.., %_1
= Hiéu qua
DFT truc tiep N=2v diem cET c» Cac DFT 2 diem
Nhan phurc: N2 Nhan phuc: (N/2)log,N
Cong phdc: N2 — N Cong phutc: Nlog,N

DSP - Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 10



= Vi du: tinh DFT 8 diém
X(0) | x(1) | x(2) | x(3) | x(4) | x(5) | x(6) | x(7)

x(0) | x(2) | x(4) | x(6)
x(1) | x@) | x5 | x(7)

i [0,1,2,3,4,5,6,7]

=

=

$ X0) | x4 / \
x(2) | x©) 0,2,4 6] 11,3,5,7]
x(1) | x(9) / / \
X(3) | x(7) [0,4] [2,6] [1,5] [3,7]

DSP - Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 11



&g‘
TP.HCM

.
o\ O OX(0)
O \// O OX(1)
MO OX(2)

OX(3)
8
OX(5)

b b b

N B 3

O O
)

)

7 Ay \V/

) O O

§)<O

O O

X
G
p
Ly AN
o ¢
Y
Q ¢
p
D

N
iv

o0

x
0

)
v
0
O
O

L
I

x(5) > O

S
S
v Y
=
g/f

x(3)O O >—0—~1—0 O OX(6
| )»%>< " /\1\ " / \ )
x(7) >0 O >0 > J >0 OX(7)

2

Y
S

we
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FFT O s6 2 ﬂL

. N

= Kh@i tinh todn cc ban cho DFT 2 diém (hinh con buém)

a : g A =atWy'b Do phure tap
* 1 nhan phurc
b ~ N * 2 cOng phue

> >Mo  B=a-W.b
W 1

N= 2V

+Log,N  :tang tinh toan

+ N/2 : khéi tinh toan co ban cho méi l&p
B6 nh¢

+ Vao : (a,b) — s0 phirc

+ Ra : (A,B) — s6 phirc

+ CO thé lvu (A,B) de lén (a,b)
= Chican N 6 nh& phire (2N 6 nhé thuc)
= Tinh toan tai chd

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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FFT co 56 2 P8

« Thr tu' chuoi dif liéu vao sau khi phan (v-1) [an
+ Biéu dien cac chi s6 ¢ dang nhj phan
+ Chudi sau khi phan chia sé la ay theo thr tu dao cac bit

Bo Pia Phan | B Pia Phan | Bo Dia
nhé | chi chia | nhé | chi chia | nhé | chi
x(0) | 000 > x(0) | 000 » x(0) | 000
x(1) | 001 x(2) | 010 >< x(4) | 100
x(2) | 010 x(4) | 100 x(2) | 010
x(3) | 011 x(6) | 110 » x(6) | 110
x(4) | 100 x(1) | 001 " x(1) | 001
x(5) | 101 x(3) | 011 >< x(5) | 101
x(6) | 110 x(5) | 101 x(3) | 011
x(7) | 111 * x(7) | 111 » x(7) | 111

DSP - Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 14



FiF1 C d\)' ﬁ‘

>
= Phan chia theo tan s6
+ Phucdng phap chia va tri
+M=2,L=N/2
+ Chudi dif liéu nhap dugc s3p xép theo cot
+ Phan chia X(k) thanh X(2k) va X(2k+1)
+ Sau dé cd thé phan chia tiép tuc moi X(k chan) va X(k 1&)
0 O > X(0
X( )O\ / —oX(0) a o »—0 A = (a+b) W’
x(1) o ‘o — pFr ——X(@) ><
(2) 4 diém oX(4) p o D> o_\|/>V , B = (a-b)W,/
(3) _ oX(6) N
(4) ——oX(1)
4 diém oX(5)
— oX(7)

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 15



x(0) | x(2) | x(4) .| X(N-1) N = 4V

l,p=0,1,2,3 n=4m + |
m,q =0,1,...,N/4 -1 :- k=(N/4)p +q

m=0 m=(N/4)-1
I=0| x(0) x(N-4) | =—=> x(4n)
I=11 x(1) X(N-3) | == x(4n+1)
n=20,1,...,N/4-1
1=2] X(2) X(N-2) | — x(4n+2)
1=3] X(3) X(N-1) | — x(4n+3)

DSP - Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 16



X(p.q)=Y {W]éq {Z Xl m) }}W}’

3
/ X(p.q) =Y Wirtpwr p=01.23
[=0

Flag)=S atmmys, 00
)= x(I,m
V= L N/ g =01, (X 1)

x(I,m)=x(4m+1)
{X(p,q)=X(%p+q)
XO0,¢)] [1 1 1 1 wF,q)
XLg) | |1 -5 -1 j| WiF(l,q)

X(2,9) 1 -1 1 =1|WXF(Q2,q)

XGBq)] |1 j -1 —j|WYF3,q)

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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TP.HCM

. N

DFT N/4 diém

17
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PO phirc tap: 1 khai tinh toan can
+ 3 nhan phutc
+ 12 cong phutc

+ Tang tinh toan  : v = log,N
+ Moi tang cé : N/4 khéi tinh toan

\ 3vN/4 = (3N/8)log,N ; Nbén phgrc (gjém 25% vs FFT,)
12vN/4 = (3N/2)log,N : Cong phutc (tang 50% vs FFT,)

Biéu dién lai nhan ma tran

XO0,.¢)] [1 0 1 o1 0o 1 0wlF(,q)
X(1g)| |01 0 -1 0 =1 0 WIF(0,q)
X2,¢)| [1 0 -1 00 1 0 1 |[WX¥F(0,q)

' X@3,9)| [0 1T 0 )0 1 0 - 1__W]34F(O,q)_

= (3N/8)log,N ; Ntmén pht,frc (gLém 25% vs FFT,)
Nlog,N : Cong phuc (bang FFT,)

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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TP.HCM

. N
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u'c cac giai thuat FFT &ﬂ

. N

FFT co so 2
+ Tinh toan hinh buém: (N/2)log,N lan
+ Hé s6 quay W k: dugc tinh mét lan va luu trong bang
+ B0 nhd: 2N néu mudh viéc tinh toan dugc thuc hién tai chd

* 4N néu mudn don gian hda cac tac vu chi s6 va diéu khién; dong thai cho phép
chudbi nhap va xuat theo dung th( tu

IDFT N-I
x(n):%ZX(k)WN"” 0<n<N-1
k=0

+ Khac nhau cd ban gilra viéc tinh DFT va IDFT la hé s6 1/N va dau cua hé so
pha W
» Dao chiéu s dd tinh DFT, d6i ddu hé sb pha, va chia két qua cudi cung cho N —
IDFT

= DFT vdi s6 diém khac 2¥ hodc 4V — dém thém cac s6 0
= PO phutc tap

+ Tac vu so hoc (nhan phuc, cdng phirc)
+ Cau trdc hién thuc cta giai thuat (qui tac vs bat qui tac)
+ Kién truc cua cac bo DSPs (xUr ly song song cac tac vu)

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 20



Ung dung chia cac giai thuat FFT

= Tinh DFT cua 2 chudi thuc
+ x,(n) va x,(n): chuoi thuc dd dai N can tinh DFT
+ Dinh nghia chudi x(n) = x,(n) + jX,(n) 0<n<N-1
+ X(k) = X,(k) + jX,(k)  (tinh tuyén tinh ctia DFT)

(= ) +2 X (n) o X,(0) = Y DFT[x(n)]+ DFT[x" ()]
()= x(n);c*(n) X, (k) = - {DFT[x(n)]— DFT[x" ()]}

X, (k) =X (k) + X (N - k)]

X' (n) 2R XN k) Xz(k):%[X(k)—X*(N—k)]

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 21



Ung dung cua cac giai thuat FFT &

. N

= Tinh DFT cla chuodi thuc 2N diém
+ g(n): chudi thuc dd dai 2N can tinh DFT
+ Tach thanh 2 chudi x,(n) = g(2n) va x,(n) = g(2n+1) 0<n<N-1
+ Dinh nghia chudi x(n) = x,(n) + jx,(n) 0<n<N-1
+ X(k) = X (k) + jX,(K) (tinh tuyén tinh cua DFT)

X, (k)y=Ltlx )+ x (N -]
X,(k)=L|X(k)- X" (N -k)]

N-1 N-1
G(k) = gmWy +> g@n+1W, """
n=0 n=0

N -1 N -1
=Y X, (MW + WD x, ()W
n=0 n=0

G(k) =X,(k)+W,), X, (k) k=01K N-1
G(k+N) =X, (k)-w} X, (k) k=01K 6 N-1

DSP - Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 22



ng cua cac giai thuat FFT &ﬂ

. N

= Loc tuyén tinh cac chudi dir liéu dai
+ Overlap-add
+ Overlap-save

= Phudng phap
+ h(n) — BPap ’ng xung daon vi cua bo loc (chiéu dai M)
» Pugc dém thém L-1 s6 khobngsaochoN=L+ M -1 =2V
o H(K): DFT N diém cua h(n), theo th{ tu dao néu h(n) dudc sdp theo th tu’ thuén
(Giai thuat FFT suy giam theo tan so)
+ x..(n) — khéi dir liéu chiéu dai L (da dugc phan cat)
o Dugc dém thém M-1 diém (gid tri tly theo PP loc dudc dung)
o X (k): DFT N diém cua x.,(n), cling theo th( tu’ dao (Giai thuat FFT suy giam
theo tan s0)
+ Y, (k) = HKX,y(K)
» H(k) va X (k) cung co th(r tu dao — Y,,(k) theo thu tu dao
e y.(n) = IDFT\{Y,(k)} s€ dung theo th( tu thuan néu dung giai thuat FFT suy
giam theo thdi gian
+ Khong can thiét dao vi tri cac dir lieu trong viéc tinh DFT va IDFT

= Tinh tuong quan (tuong tu)

} DFT + FFT

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 23



Phuong phap loc tuyén tinh &ﬂ

. N

= FFT khéng hiéu qua khi tinh DFT (IDFT) tai mét s6 diém (< log,N) —
tinh truc ti€p
= Giai thuat Goertzel
+ Dua vao tinh chu ky clia W,k va biéu dién viéc tinh toan DFT nhu loc tuyén
tinh o o
X (k) =W, 3 x(m)W" =3 x(m)w
m=0 m=0

H, (z)=

Dit y, ()= 3 x(m)W 0 = x(n)* by (n)

m=0

VOI h,(n) =W, "u(n)
= X(k)=y,(n)

Mét‘pole, trén vong tron don vi
tai tan s6 w,=21mk/N

- y

Viéc tinh DFT tai mét diém k co thé
dwoc thwe hién bang cach cho t/h

I A v LR e di vao b6 cong huwdng mét pole
Th tinh t hap t X X
ay vi tin ong_; ap truc tiep, ta co the dung PTSP tai tAn s& w,=21Tk/N
v(m)y=wy,y n-1)+x(n) y(-1)=0

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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jat Goertzel

> o
K&t hgp tung cap cac bo cong hudng co pole lién hgp phutc
1 W k -1
Hk (Z) — —1 )
1-2cos(2nk/ N)z— +z
Hién thuc bang dang chuén tac (dang II)
v,(n)=2cos vy, (n—-1)-v,(n-2)+x(n) n=01,..,N
yi(n)=v, (n)=Wyv,(n-1) n=N
n
+ Vi d/k dau TH)»@ N0 @
A v k
v (=D =v(-2)=0 Z1
v, (n) dugc lap laichon =0, 1, ..., N 7 cos( 22k k
+ MOAi vong can 1 phép nhan thuc <+\< () VK”’
y,(n) dugc tinh duy nhat mét lan chon =N | 7-1
ol |

Néu x(n) 1a t/h thuc, cdn N+1 phép nhan thuc dé tinh X(k) va X(N-k) {do tinh

déi xirng}

Giai thuat Goertzel chi thich hgp khi s6 gia tri DFT can tinh kha nhé (< log,N)

DSP — Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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at BD Chirp-z

&g‘
TP.HCM

. N

= DFT N diém ~ X(z,) vGi z, = ei2®*n/N k=0,1,...,N-1 (cac diém cach déu trén

vong tron dan vi)

N -1
= BDZclax(n)taicacdiémz, X (z,)= Z x(n)z;"  k=0,1,. L-1
= Né&u z, = rei2zen/N (z, |a N diém cach déu nhau trén vong tron bk r)
N -1
X(z,)=) [x(n)r"le /2™ |k =0]1,., N -1
n=0
+ Viéc tinh DFT ¢4 thé dugc thuc hién bang giai thudt FFT cho chudi X(n)r™
- T8ng quét, z, ndm trén cung xodn 8¢ bat dau tir diém z, = r,e’™  (di vao
hodc dira goctaa d0) 7z =re’™(Re’”) k=0,LK ,L-1
Vong tron +Im(z) \Im(z) +Im(z) ATm(z)

NP

R0=r 1 R,=1,r,<1 R, <1 R,> 1
DSP - Lecture 6, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

?/ \ : @@Z@ @})@)&e@) @9“5@

26



3‘
TP.HCM

. N

X(z,)= ) k=01K,L-1 BD chirp-2
V=R,
h(n)=V""
g(n)=x(m)(re’™ )"V ™"
y(k) = E g(n)h(k —n) k=0,1K 6 L-1
=

RO =1 — h(n) — ej¢0n2/2 — ej(n(bo/z)” = eja)n

o = ”¢o /2  Tan so cua t/h mi phuc h(n), tang tuyén tinh theo thai gian
— h(n): chirp signal
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jat BD Chirp-z &ﬂ

. N

Xac dinh tng chap vong cta chudi g(n) N diém va chudi h(n) M diém (M > N)
+ N-1 diém dau la cac diém I3p lai
+ M-(N-1) diém con lai chira két qua
N-1

y(k)=>Y g(n)h(k—n) k=01K,L-1

GiasiM =L + (N-1)
M diém cla chudi h(n) dugdc xac dinh =(N-1) < n < (L-1)
Pinh nghia chudi M diém h,(n) = h(n-N+1) n=0,1,.,M1
H,(K) = DFTy,{h,(n)}
G(k) = DFT,{g(n)} (sau khi da dém thém vao g(n) L-1 s6 0)
Y. (k) = G(K)H(K) — y,(n) = IDFTY,(K)} n = 0,1,...,M~1
N-1 diém dau tién cta y,(n) la cac diém Iap — loai bo chiing
Cac diém két qua la gia tri clia y,(n) khi N-1 <n <M-1
+ y(n) = y;(n+N-1) n=0,1,..,L-1
X(z, )= y(k)/h(k) k=0,1,..,L-1
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Cau truc hién thuc cho hé FIR
+ Cau trdc truc tiép
+ Cau truc cascade
+ Cau trdc lay mau tan s6
+ Cau truc lattice
Cau truc hién thuc cho hé IIR
+ Cau trdc truc tiép
+ Cau trdc hoan vi
+ Cau trdc cascade
+ Cau truc song song
+ Cau truc lattice va lattice-lader
Khong gian trang thai
+ M6 ta khong gian trang thai bang PTSP
+ Giai PT khong gian trang thai
+ MO ta vao-ra vs mo ta khong gian trang thai
+ Khong gian trang thai trong mién Z

PP bi€u dién s6 (SV tu’ tham khao)
Lugng ti hda cac hé sb cua bo loc

+ Phan tich d6 nhay cla viéc lugng tir hoa cac hé s6

+ Lugng tr hda cac hé s6 cua bo loc FIR
Hiéu U'ng lam tron trong cac bo loc s6

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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n thuc cho hé FIR P,

. N
, A L N M
= Cac dang mo ta h/t
+ PTSP y(n)=—Zaky(n—k)+2bkx(n—k)
+ S dd khéi (ciu trlc tinh toan) k=0 k=
+ So do cac diém cuc/diém khong M L
= Hién thuc < sap xép lai PTSP b,z
= Sy can thiét cia viéc sdp xép lai cac PT H(z)= kZON
+ DO phurc tap tinh toan —k
+ BG nhé I+ kZ Az
-1

+ Sai s0 tinh toan

+ Cau trdc hién thuc: song song/pipeline
. HeFIR a, =0

b O0<n<M-1 -, -
h(n)=<" H(z)= kz_;)bkz ¢

0 otherwise

B y(n) = Z h(k)x(n—k) = Zbkx(n k)

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 3



= Tham s0 dac trung cho bo loc: gia tri cua dap Ung xung

y(n)= Y h(k)x(n-k)=Y byx(n—k)

= B0 nhé: -1 (o nhd)

= PO phic tap (cho 1 mau cua y(n))
+ Nhan: M
+ Cong: M-1

= D& 1 mau cla x(n) di qua khoi hé FIR
+ Phai diqua (M -1) 6 nhé )
+ Can thai gian: (M - 1)T, (s), T.: chu ky mau

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 4



Cau truc truc tiép &Kl

. N

= Khi h(n) d6i xtng: h(n) = £ h(M-1-n) — FIR la tuyén tinh pha
= Sap xép lai (vGi M 1&)

x(n)

| Coromm T E T . - 71

B ®

B R 7 7 S S .

o hay e Ih(M=3112) [n(IM-1172)
- 0—0—0——©
. SSphépnhan

+ M chan: M/2

+ Mle: (M -1)/2

DSP - Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



H(z)= Zh(k)z‘k

Phan tich
thura sO

Moi hé: H,(2)

au trac Cascade &ﬂ

& o
K
H(z)=]]H.(2)
k=1
trong do H (z)=b,+b,z" +b,z? k=12K, K
K = [(M+1)/2] = (M+1) DIV 2
H,(z) : b loc bac 2

H(z) = byoz4(z-24)(z-2,)

_________________________________

Z,, Z,: hai diém zero

nZ-! ~ Thwong chon z, va z, |a hai s6 lién hop

k= 11_2_'_::_!_|_< _______
Xk(n) | > Z—l
ka

phirc dé cac hé sé bo loc 1a sb thuc
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= Khi h(n) thuc va doi xirng: h(n) = £ h(M-1-n) — FIR la tuyén tinh pha

+ Cac diém zero clia H(z) cling c6 dang d6i x(ing

Néu cd hai zero z, va z*, [d/k dé h(n) thuc]

thi cling c6 1/z, va 1/z*,

V&i 4 diém zero dd, gop hai hé bac 2 ndi tiép

thanh hé bac 4 .
H,(2) =c,y(l-zz2)(1-zz )1-z, 'z )1-(z) 'z

-3

=C,t Ck1Z_1 + ckzz_2 +c Pz .
eI ham o Giam 50% s phép nhan’

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE




FIR — Cau truc lay mau tan s6 gEKQk

. N

= Tham s6 dac trung cho bo loc: gia tri cua dap Ung tan so

h(n) 1 |

I . H(w)=) h(n)e”™ k=0LK,M-1

n=0
(0, = 2%
H(o) w, =F(k+a)
;. x . |Mlé:k=0,1K %=
Lay mau ta1 <

1 M chdn :k =0,1,K ,%£ -1

H(k‘l'(l) OC — 0| 1

M3u tan sb

H(k—I—OC) H(zn (k+a))_zh(n)e—JM(k+a)n ctia H(w)

k=01K ,M -1 oa=20

H(k) 1a DFT M diém cla h(n)

( lM_l 27 (e
h(n)=—> H(k+o)e’ """
) () a2 (k+a)

n=01K M -1 h(n) la IDFT M diém cta H(k)

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 8




H/(z)=1(1-z"e™)
- H(k+o)

H. (z)=
2( ) kzz(:)l_ejzﬁﬂ(k"'a)z—l

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 9



= Hé H,(2) H (z)=-1-(1- z Me/7)
+ Bac M . =/];>4__*
+ C6 M diém zero <7 | <
. o :
z, =" k=0LK ,M-1 7-M
: 2na
«— H(k+a) | —e’

= HEHy)2) H,(2)= Z _ ke - He Hy(2

+ Téng cia M hé H2k(z) (k =1,2,...,.M)
+ Cau trdc gom M hé mac song song: H,,(z), H,,(2),..., H,u(2)
+ MOi hé H,,(z) c6 tan s cong hudng (diém cu’c) ________________________________________

p, ="k =0,LK, M -1

————————————————————————————————————

I
)
I
N0
N
E
N‘
+
K
\
v

____________________________________

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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u tric 13y mau tan sé P8

. N

= Khi LTI la bd loc thong hep (narrowband)
+ Hau hét cic H(w) ~ 0. Cac H(k+a) tuong Ung cling ~ 0 — cb thé bd qua mot s hé
H,,(z) = Giam dugdc s6 phép tinh
= H(k+a) la mot ham d6i xing
+ H(k+a) = H'(M -k — )
+ CO4 thé rdt gon han Hy(2)
» Nhom 2 hé H,,(z) mét pole thanh mot hé cd 2 pole véi cac tham sé thuc
* Khi o = 0 (tuong tu khi a = 2)

H(O) & A(k)-Bk)z™!
Hy(2)=1" Zl 2cos( k)z 42

Mlé

M chan
H, (z) =

HO) HC) Z A(k)—B(k)z™
- 1+z “1-2cos(32k)z" +z7
A(k)=H(k)+ HM —k)
B(k)=H(k)e ™" + H(M —k)e’*™"

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 11

|



au truc Lattice &ﬂ

. N

= Trong nhiéu (tng dung (xUr ly ti€ng ndi), can thiét cd su du dodn mau tin hiéu
+ Du dodn mau: x(n) tr M=1 mau qué khir: x(n-1), x(n=2), ..., x(n-M)
x(n) = —Z o, (k)yx(n-k)

~ k= ~
+ Du doan miu: x(n—M) t&r M=1 mAu tuang lai: x(n), x(n-1), x(n=2), ..., X(N-M+1)

x(n—m) = —mi B (k)x(n— k)

= HELTI H (z)=4, (z)—Za (k)z™* vai  a(0)=1
Pap wngxung donvi / (O)—lvah (k)=a, (k) k=12,..,m

y(n) = ;am(k)X(n —k) Ty y(n)=x(n)- . (n) ;Tf;a;bﬁécéién

L e s

x(n)
b e |a@ |eo

a(0)=1

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 12



= Bolocm=1 fo(n) | o fi(n)=y(m)

+ y(n) —fl(n) = x(n) + oy (1)x(n-1) P
+ oy(1) = X(n)— K,
— 7-1 >® : >
. go(n). go(n-1) g,(n)
= Bblocm=2
+ y(n) = f,(n) = x(n) + ox(X(n-1) + o, (2)x(n-2)
*+ a(1) = K(UHKy) ) [y B0 = y()
+ 0)(2) =K, | K, 1 K, ~ 1 ]
X 1>< | 1>< as
; 1 0 Y 7] J\; >
o L g mel) o am L g g

________________________________________________________________

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 13



u truc Lattice &ﬂ

> o
f,(n) Hm)  fy () v () = y(n)
x(n)— Tang 1 Tang 2 Tang (M—1)
g(n) g (M) gy o) 2y (1)

0 f n() =y(®)

£ = g4(m) = () )
Fo) = £ () +K g, (1) &<
N, 70 5

g, m=K,f, ,(n+g,,(n-1) g (n) g _(n-1) o gn(n)

I, (z Ham hit ctia bo |
Fu(@) = A DX () a2 = B R

G,(z) Ham h/t cua bd loc
X (z2) dw doan nghich

G,(z)=B,(z)X(z) t=mp B,(z)=

. _ B, (z): da thirc
B,(z)= kz B,(k)z™"  yei  B(m)=1 nghich déo cia A_(z)
)

B, (k)y=a, (m—k) =y B (z)=z"4 (Z_l)

DSP - Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



trac Lattice CEKQ‘

. N

= Quan hé gilra hé s6 bo loc dang cau truc lattice va hé s6 bd loc dang cau truc

truc ti€p
Fy(2) = G,(2) = X (2)

F (z)=F, ,(z)+ KmZ_le_l (2)

G, (z)=K, F,_ (z)+z7'G,_(z-1)

o

A4y(z) = B,(z) =1
A (z)=A4, (z)+ sz_le_l (2)
B (2)=K A _(2)+z"'B__ (2)

Jo(n)=g,(n) =x(n)
fo(n)=f,(n)+K,g,_  (n—1)
g,(n)=K, f, (n)+g, (n-1)

B

4,2 |1 K,| 4,,(2)
B(z)| |K, 1 ||z'B_(2)

Tong

A (z)=A4, ,(2)+ sz_l[z_(’"_l)Am_1 (2_1)]

1 m—1 m—1
Z am(k)Z_k = Zam_l(k)z_k + sz am_l(m —1- k)Z—(k+1)
k=0 k=0 =0

L

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

a,(0)=1
I<k<m-1
ja, (m)=K
m=12,..M -1
\am(k) =am—1(k)+Kmam—l(m _k)




Caul truc hién thu'c cho hé IIR - &ﬂ
Cau truc truc tiép <
" M
= HEIR . > bzt
y(n)y==> a,y(n—k)+> bx(n—k) H(z)=—=5
1+ a2
+ H(z) gbm H,(z) cascade véi H,(z) k=1
M |
H(z)=Y bz™* H,(z) = —5
k=0 1+ Z a,z™"
hé toan zero (FIR) hé toan pole -

* H,(z) dat trudc H,(z): cau truc truc ti€p dang I
* H,(z) dat truSc H,(z): cau truc truc tiép dang II

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 16



m A7

Cau truc truc tiep

= Nhugc diém (ca 2 cau truc) khi lugng tur hda cac tham so6 cua bo loc
VO'I N I6n, sai s6 nhd cling dan dén su thay dai I8n vi tri diém zero va

diém pole cla h/t
DSP - Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 17



= Biéu dién so dd khdi cta h/t: bi€u dd dong t/h
+ Nhanh: c6 hudng
+ Node: node cong/node ré nhanh

-1 -
by+bz +b,z

= Dinh ly ddo H(Z) =

nr s 2 7 \ AY 1 _1 _2
+ Cau truc dao c6 cung ham h/t ta,z +1a22 2 b 3
y(nz /_p: b<0 X(n) ® <
®

71
2, A b
NG

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE




u truc cascade &ﬂ

. N

[45]

ibkz—k H(Z):HHk(Z) K

H(z) = —= I

N
1+ akZ_k H, (z)= - ~
; l+a,,z g a,,z

1 2
b, +b,z +b,,z
>

= Cac hé sb {a,} va {b,.} thuc — gOp cac zero va cac pole theo cap lién hgp phutc
trong viéc tach H,(z)

= H(z) c6 thé hién thuc dung cdu tric truc ti€p hodc cau tric dao

X(n) = Xl(n) Hl(z)

[

y(n)
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tric song song ﬁk

. N
N Ak
H(z)=C+)_ —
iy 0 FR

k=1
= Né&u p, phurc, A, ciing phirc — gdp cac pole lién hgp phiic dé€ tao cac hé s6 thuc
K
C
H(z)=C+) H,(z) K =[%"] -
k=1
b,,+b, z" >
Hk (Z) — k0 — klZ - H1(Z)
l+a,,z +a,,z
| > Hy(2)
| > > . x(n) ‘
> H(2)

y(n)

DSP - Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 20




&g‘
TP.HCM

. N

x(n) = —Z ay (k)x(n—k)+ y(n)

y(n) = —Z ay(k)y(n—k)+x(n)
R 1

\u truc Lattice-Ladder
1—I—iaN(k)z_k ) Ay (k)

Hé IIR toan pole Hé FIR toan zero

Hé nay co thé dugc hién thuc bang cach dao vai trd ngd nhdp/xuét

:» x(n) = fy(n)

y(n) = fy(n)

H(z)=

H(z)=1+ i a,(k)z™" = A4, (k)

Cau truc lattice cua hé FIR toan zero

f(M tang1  fi(M | 1ang2 (N fa(M T angn  fn(n) =x(n)
—" : :'556’* — < T D P
i K]_ — i i E KN - :
Y(n)<_ Kl KN
- 71 +> >zl L s n
9(n) - 94(n) gy-1(N) gn(n)

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu —

CSE
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= Hé lattice 1 pole (hé IIR toan pole bac 1)

_ f,(n) fo(n) = y(n)
x(n) = f;(n) N7 IASIP .
fo(n) = fll(n) — Kigo(n-1) x(n) \\-Iy_ K,
g,(n) = Kyfo(n) + go(n-1) K
y(n) = fo(n) = = Kyy(n-1) + x(n) am Z* ay(n)
= Hé lattice 2 pole (hé IIR toan pole bac 2)

b e M o fo(n) = y(n)

x(n) T K, ' . K, J

< CD: K2 /1< CD: Kl /-1

gmn — = ORI Gy(n)
x(n) = f,(n) _ _ 1) — _
£ (n) = fzz(n) — K,g,(n—1) y(n) = —K;(1+K,)y(n-1) — K,y(n=2) + x(n)
9,(n) = Kyfy(n) + g,(n-1) He TIR 2 pole
fy(n) = f,(n) — Kygg(n-1
R 0.(n) = Kpy(n) + Ky(L+K)y(n-1) + y(n-2)
y(n) = fy,(n) = gy(n) Hé FIR 2 zero

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 22



u truc Lattice-Ladder &ﬂ

= Hé IIR chlra ca pole va zero
M
k —k
ew®z o
HE) =4 " 4, (2) d
[+ ay(k)z" oW y(n) = ¢, (kKyw(n—k)
k=1 k=0

w(n): hé IIR toan pole — dwoc thuc hién bang cau tric lattice
y(n): hé FIR toan zero — dwoc thwe hién bang cau tric ladder tuyén tinh

y(n) = vagm (n)

Z» w(n) = —ZN: a,(k)wn—-k)+ x(n)

X(N)! _Tanai
_,GTangl -
N(n) KN E
] K
gn(Nn; \ >
7 z
VN VN-1 \P) Vi Vo
v v v v N
v S— 3 &Y.
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Khong gian trang thai CEKQ‘

= Mo ta h/t
+ Bang quan hé vao-ra (mo0 ta bén ngoai)
+ Bang khong gian trang thai (mo ta bén trong)
* Quan hé gilra ngo xuat, ngd nhap va cac trang thai bén trong cua hé
= M0 ta khong gian trang thai cua hé dac trung bgi PTSP
+ Trang thai cua h/t tai ny: thong tin vé h/t tai diém n,, két hdp véGi ngd nhap
giup xac dinh duy nhat ngd xuat tai cac diém sau dé (n > n,)
4+ H/t c6 thé xem nhu bao gébm 2 phan
+ Phan c6 bo nhd: chira thong tin vé trang thai cia h/t

« Phan khong c6 b nhdg: tinh toan gia tri ngd xuat dua trén gia tri ngod nhap va
trang thai cta h/t

T/h nhap »T/h xuét

Trang thai Trang thai

hién tai cta h/t ké tiép cla hit

DSP - Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 24




yn) ==Y a,y(n=k)+ Y bx(n—k) T

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

by —byay
by_, —byay_,
M
b, —bya,

b, —b,a,

>

Khong gian trang thai — Mo ta

PT trang thai

CEKQ‘
TP.HCM

. N

v(n+1) = Fv(n)+gx(n)

PT ngd xuat

y(n)=g'v(n)+dx(n) _

0 0
0 0
M M
0 1
—-a, —a,

v(n)

25



Khong gian trang thai — Giai PT CEKQ‘

v(n+1) = Fv(n)+gx(n)

ORI R

n—1
v(n)=F""v(n,)+ ZF hax(k)  n=>=n,

k:no

FY Ma tran dwong chéo chinh (NxN)
O(i—-j)= F/ (> j) Matran chuyén trang thai

y(n)=g'd®(n—-n,)v(n,)+ HZ_I: g'on—-1-k)gx(k)+dx(n) nz=n,

k=n,
Dap &rng khéng ngd nhap
y..(n)=g'®(n-n,)v(n,) Pap trng xung don vi (n, = 0; v(0) = 0; x(n) = &(n)
Bap wng trang thai khéng h(n) = g'(D(n B l)qu(n o 1) +do (n)
n—1
V. (n) =) g'®(n—1-k)qu(k)+dx(n)

k=n0
DSP - Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 26



Khong gian trang thai - f‘

trong mién Z -
v(n+1)=Fv(n)+gx(n) y(n)=g'v(n)+dx(n)
V(z)=(zl - F) qX(2) Y(2)=[g'(zI - F) g +d]X(z)
D(n)=F" @ H(z)=53=g'(zI-F)'q+d

w

Z\®(n)j=> F'z" =(I-Fz")" =z(zI - F)"

=0 dj(zl — F)
: H(z):g'a qg+d
T —IZGdJ(ZI—F)a det(zl — F)
(2l =F) det(zl — F) ¥

Pole cua h/t [nghiém PT det(zI — F) = 0]
la eigenvalues cua ma tran F
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hoa cac hé so cua bo loc B

. N

= Biéu dién sd (SV tu tham khao)
= Hién thuc bo loc FIR va IIR bang may tinh — phai lugng tr hda cac hé s6

+ Cac hé sd biéu dién khdng chinh xac — vi tri diém zero va diém cuc khdng nhu’ mong mudn —
dap Ung tan s6 cua bo loc bi sai Iéch

Anh hudng cua viéc lugng tir hda cac hé sd bd loc

S M Mo =
= Zb z* Z biz™* =
= k=0 ‘ Fa; k=0 Qe
= H(z)=— H(z)=—3 -

o —k .
§. 1+ a.z ™" B 1+kz_;ak2 §_
= = ar=a,+Aa, k=12,.,N . o
© "
E o °>\
o br=b+Ab, k=0,1,...M %
«Q Q
o D(2) =143 a z* =TT p.o" D) =TTd-p. = 2
bt (2) = +Zakz _H( — PiZ (Z)—H( —PiZ =
o k=1 k=1 k=1 3
\(C N N N-k =
(&) — op, D Q
5 D= Dy +Ap, k=12,..,N Ap, = Z%Aak = Z - Aa, =
z = =11 -p) 3
L 5:1 Q)

#i

DSP — Lecture 7, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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= BO loc ly tuéng
= BO loc thuc té
+ B0 loc vaGi dap Ung xung hiru han (FIR)
» BO loc tuyén tinh pha
= Phudng phap ctra sd
= Phuong phap mau tan s6
» B0 loc tuyén tinh pha toi uu
» B0 bién doi Hilbert
» So sanh cac phuadng phap thiét ké
+ B0 loc vai dap ung xung vo han (IIR)
» Phuong phap xap xi dao ham
» Phuong phap bat bi€n xung

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE
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W:BKQ‘
TP.HCM

. N

= Phuacng phap thié€t ké bo loc tan so
+Dac tinh bo loc dugc mo ta bdi dap U'ng bién do va pha
+ Tuy theo dap ing mong muon, bo loc nhan qua FIR
hoac IIR sé dudc chon

* FIR
= Pugc dung khi co yéu cau dap Ung pha tuyén tinh trong passband
= Nhiéu thong s6 hon IIR — D6 phurc tap tinh toan cao

o TIR

= CO cac thuy bién ¢ dai stopband thap hon bo loc FIR c6 cung so
tham s6 — dugc dung nhiéu han so vai FIR (khi d0 méo pha trong
passband co thé chap nhan dugc)

= PO phuc tap tinh toan khong cao va tiéu ton it bd nhé
+ Xac dinh cac hé sb bo loc

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



Tinh nhar

= Xét bo loc ly tudng

1 ‘a)‘ <,
H(w) =
0 O, <OST
[ H(o)
1
Q)
0N O ”

BO loc khong nhan qua
— khong hién thuc dugc

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

. g
o = n=>0
n)=-
@, sin(w.n)
o n+0
0.25 .
o, = m/4
0.2 i
015
0.1
0.05 ‘ ‘
01111 JL JIL
|l 1]
I
-0.1

=20 -10 0 10 20
Truc thai gian: n



D/k dé bo loc nhan qua &ﬂ

i
= Dinh ly Paley-Wiener
h(n) co nang lugng hitu han j T‘IH‘H(C‘))HQI@ <0

h(n) = 0 ¥n<0

Voi®(w),H(w) = ‘H(w)‘e@(w) ‘: ﬂln‘H(a))Hda) < o0

h(n) : nhdnqua

T‘H(a))‘zda) <o

+ H(w) chi dudc phép = 0 tai mot tap hiru han cac tan s6
+ |H(®)| khong dugc la hang s6 cho mot khoang tan
» Viéc chuyén tir passband sang stopband khdng dugc thang goc
+ Hgp(o) va H(o) phu thudc nhau — Phd bién do va phd pha khong
thé chon doc 1ap dugc
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CEKQ‘
TP.HCM

() =4 [h(n) + h(=n)]
h(n) = h,(n)+h,(n) :’ h,(n) =L [h(n) - h(-n)]

L h(n) nhan qua
W h(n) =2h,(n)u(n)—h,(0)o(n) n=>0
h(n) =2h (n)u(n)+ h(0)o(n) n>1

h(n) dudc mb ta béi h(n) |

h(n) = h,(n) + b, (n)

‘ F |F H(o) dugc mb ta bdi He(w)

BD Hilbert rirac M, (0) = —= j H ,(X) cot(252)dA

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE



o )
y(n)= —Z a,y(n—k)+ Zbkx(" —k)

= Pac trung
, |H(o)]

R T I SR

I S S O — .

|

Passband ripple

Transition Band

0,: Passband ripple

0,: Stopband ripple

w,: Passband edge ripple
w,: Stopand edge ripple

StopBand

o Vet

0, A SO

0 ®, 0)
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Thiét ké bo loc FIR — &
Tinh d6i xirng & phan déi xirng <

= B0 loc FIR = B0 loc FIR tuyén tinh pha
M-1 + H(w) c6 pha 6(w) la ham tuyén tinh
y(n) =Y bx(n—k) + D/k: h(n) = = h(M-1-n)
k=0 n = O, 1, ceny M-1

M -1 >,
y(n)= > h(k)x(n—k) el bolzl
k=0

ES

zMVYH(EZY=2H(2)

v

1/22 Z,

ting lIa nghiém

) thu'c thi z,” ciing la

©1/z,

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE




Thiet ke bo loc FIR — &ﬂ
linh doi xtirng & phan doi xirng &£
= Hamh/t H(z) =h0)+h(D)z" +...+ (M -1)z- ™

n=0

M_|
(M- & (M-1-2n) (M-1-2n) -
z Zh(n)z >tz ] M chan
n=0
= Pap Ung xung daon vi doi xtng h(n) = h(M-1-n)
. (M-1)
Hw)=H (w)e " * =
h(M1) + 22 h(n)cos o (M-1-2n) M 18

Bién do thuc H . (w) =+

22 h(n)cos w(M=2-22) M chdn

(M Y H (0)>0
—o(*H)+r H, (w)<0

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

Tuyén tinh

bac tinh pha O®(w)= {



Thiét ké bo loc FIR — {1
Tinh doi xirng & phan doi xirng <"
= Pap Ung xung dan vi phén doi xing h(n) = —h(M-1-n)
+ Khi M I h[(M—l)/Z] -
Hw)=H (a))e

22 ]

22 h(n)sin o (X=22) M [é
Bién do thuc  H (w)=4 "

M
My

22 h(n)sin o (£=2-22) M chdn

Pactinhpha O(w)= { ((A; 11)) [[j EZ; Zg Tuyén tinh

= POoi xng hay phan déi xing ?
+ Tuy

h(n) = =h(M—1-n) H.(0) =0
M lé d H(zx) =0 d

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 10

Khong thich hgp
cho cac bo loc thong thap
va thong cao



Thiét ké bo loc FIR tuyén tinh pha — &ﬂ

Phucong phap cua so <&
= Gia su - o
+ Hy(w): ham dap Ung tan s6 mong mudn H,(0) = Z_;) h,(n)e

+ hy(n): ham dap (ng xung dan vi mong mudn h, (n) = 5 _[Hd (w)e’"dw
* hy(n) c6 chiéu dai v han g
» DE chiéu dai hy(n) hitu han, cét hy(n) tai diém n = M-1

= Nhan h,(n) vdi ham clra s6 w(n) B B
= Clra so hinh chir nhat w(n) _ {1 n=0,1,.,M-1

= Pap ’ng xung mau cua bd loc
h(n)  =h,(n)w(n)

_{hd(n) n=0,,.M-1 j H(a)):%]r-Hd(v)W(a)—v)dv

0 otherwise

0 otherwise

+ VGi Hy(w) cho trudc, thi W(w) ¢d tac dung lam tron Hy(w)
+ MOt W(w) tot khi

o Co thuy chinh phai rong, cao han nhiéu so véi thuy phu

» w(n) khong nén giam xudng 0 tai hai bén canh

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 11



i
\S@(%)\ <
sin()
_ o012 sin(wM /2) —0(*H) sin(24) >0

sin(w /2) T—-ow(*L)  sin(%h) <0

D0 rong cua thL‘Jy chinh: 4z /M
[dugc do bdi diém zero dau tién cia W(w)]

— =31
— M=61 |

Nhan xét:
- Thuy chinh hep hon khi M tang
- Cac thuy phu tuong doi I6n so VJi
thuy chinh va khdng thay ddi khi M tang
- Chiéu cao thuy phu tang khi M tang

0 0.5 1 1.5 2 2.5 3 3.5

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 12



loc FIR tuyén tinh pha — &

tan so 5
= Hy(o) dugc dinh nghia tai M diém tan s6 cach déu
o, =%(k+a) k=0,1,K , 621 M [é
k=0,1K ,4£-1] M chdan
«=0]4

H, @)=Y hy(n)e ™
" H,(k+a)=H,[2=(k +a)]

a=0, 2 cong thuc
nay chinh la cong thuc
DFT va IDFT

M -1
H,(k+a)=) h,(n)e /™ f=01K ,M-1
n=0

M -1
hy(n)=L> H,(k+o)e’> "™ p=0,LK ,M -1
k=0

ChuBi h(n) thuc oy

H,(k+o)=H,(M -k-a)

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 13



A V.Y

'bo loc FIR tuyén tinh pha — &ﬂ
mau tan sb S -

= Mau tan s6
H,(k+a)=H (%r (k_|_a))ej[ﬁn/2—27r(k+a)(M—1)/2M]
i JP=0 {h(n)} déi xitng
I
B =1 {h(n)} phinddixing
= DPinh nghia cac mau tan s6 thuc G(k+m)

Gk+a)=(-1)"H, (= (k +a))

&’ Hd (k +OC) — G(k _|_a)ejknej[ﬂn/2—27r(k+a)(M—1)/2M]

= Tuy theo gia tri a (0]%%) va B (0|1), H(k) va h(n) s& cd cong thi'c don gian
+ Vidukhia=0vap=0

H(k)=G(k)e™™  k=0,LK,M-1

1 U
G(k)=(-1)"H (Z*) h(n) = v {G(O) + 2; G(k)cos 2 (n+ é)}
)= oM =0 Mol khiM 18
VOi U=1"* | )
2—1  khiM chdn
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Thiet ke bo loc FIR tuyén tinh pha —
Phuang phap toi vu <&

= Bai toan xap xi Chebyshev
+TOi uu: sai sO xap xi gitra dap Urng t/s mong
muon va thurc té phan bo déu trén passband va
stopband = toi thiéu hoa cac sai so cuc dai
+B0 loc c6 gan song trong ca passband va
stopband

DSP - Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 15



N7m

Thiét ké bo loc FIR tuyén tinh pha — CEKQ‘
Phucng phap toi uu $

= Trudng hop 1: dap Ung xung don vi dbi xing va M le

(M=3)/2

H, (0)=h(1)+2 > h(n)coso (X5 —n)

}k = (M-1)/2 — n!

(M—1)/2

H ()= Z a(k)cos wk

B k=0
(k) =
2h(ML—k)  k=12,K 4

DSP - Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 16



bo loc FIR tuyén tinh pha —

= Trudng hop 2: dap (ng xung don vi déi x(rng va M chan
H (w)= 2Mflh(n) cos (¥ —n)

n=0

M/?2

H (o) = Zb(k) cosw(k —+
k=1
b(k)=2h(&-k) k=12,K 4

M/2-1
H (w)=cos% Zb'(k) cos wk
k=0

b'(0) =3 b(1)
b'(k)+b'(k—1) = 2b(k) k=12K , %2
b'(4—1) = 2b(4)

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE




Thiet ke bo loc FIR tuyén tinh pha —

Phucng phap toi uu $

= Trudng hop 3: dap Ung xung don vi phan doi xi'ng va M le

(M=3)/2
H,(0)=2 > h(n)sinw(!—n)
n=0
}k = ‘M-l“Z— n‘
(M-1)/2

H,(0)= ) c(k)sinwk

c(k)=2h(HL—k)  k=12,K

2

SR S

(M=3)/2 c'(#2) =2c(¥42)
H (w)=snw kz_(;c'(k)cosa)k M M M

c'(k=1)—c'(k+1)=2c(k) 2<k<*3
c'(0)+1c'(2) = c(1)

DSP - Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE 18



bo loc FIR tuyén tinh pha —

= TruGng hgp 4: dap Ung xung daon vi phan doi xing va M
chan .,

H, (0)=2 ) h(n)sino(*&—n)

M/2

H ()= d(k)sinw(k-1
k=1
d(ky=2h(4-k)  k=12K.,%

M/2-1
B H (w)=sn% Zd'(k)cosa)k
d'#-1)=2d#%) k=0

d'(k—1)—d'(k) = 2d (k) 2<k<i_]
d'(0)~+d'(1) = d(1)

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE




Thiet ke bo loc FIR tuyén tinh pha - #

N’m

Phuong phap toi uvu

= Tong quat H (0)=0(w)P(»)

1 truong hop 1
Cos % truong hop 2

O(w) =+

sin @ truong hop 3

sin 4 truong hop 4

P(w) = ZL:a(k) cos wk L=

(M -1)/2
M/2-1
(M -3)/2

DSP — Lecture 8, © 2007, Dr. Dinh-Duc Anh-Vu — CSE

M/2-1

. N

truong hopl
truong hop 2
truong hop 3
truong hop 4
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Mé diu

Su phat trién ciia may vi tinh da lam gia tang m0t cach manh mé cac ung dung
cia XU LY TIN HIEU SO (Digital Signal Proccessing). Xu huéng nay da duogc
tang cuong boi su phat trién doéng thoi cua thuat toan s6 (Numerical Algorithms) cho
xtr 1y tin hiéu s6. Hién nay, xir 1y tin hiéu s6 da tré nén mot Ung dung co ban cho ky
thuat mach tich hop hién dai véi cac chip co thé lap trinh & tdc d6 cao. Vi vay, xu 1y
tin hiéu s6 duoc tng dung trong nhiéu linh vuc khac nhau nhu:

- Xu ly tin hiéu am thanh: nhan dang tiéng noi / nguoi noi; tong hop tiéng néi/ bién
vin ban thanh tiéng néi; ky thuat 4m thanh sd ;
- X1 Iy anh: thu nhan va khoi phuc anh; lam noi du’(‘mg bién; loc nhiéu; nhan dang;
mat nguo1 may; hoat hinh; cac ky xao vé hinh anh; ban do;. ..
- Vién thong: xtr ly tin hi¢u thoai va tin hi¢u hinh; truyén dir li¢u; khur xuyén kénh;
facsimile; truyén hinh sd; ...
- Thiét bi do ludng va diéu khién: phan tich phd; do luong dia chin; diéu khién vi tri
va téc d6; diéu khién tur dong;. ..
- Quan su: truyén thong bao mat; xur 1y tin hi¢u rada, sonar; dan duong tén lua;...
- 'Y hoc: ndo dd; dién tim; chup X quang; chup CT(Computed Tomography Scans);
noi soi;...

C6 thé noi, xu ly tin hiéu sb 1a nén tang cho moi linh vuc va chua c6 sy biéu
hién béo hoa trong sy phat trién cta no.

Ta cling can luu y rang, médc du tén cua giao trinh 1a XU LY TIN HIEU SO,
nhung chung ta s& nghién ciru véi mot pham vi tdng quat hon, d6 1a XU LY TIN
HIEU ROI RAC (Discrete signal processing). Boi vi, tin hiéu sb 13 mét truong hop
dac bi¢t cua tin hi€u roi1 rac, nén nhiing phuong phap duoc ap dung cho tin hi¢u roi
rac cling duoc ap dung cho tin hiéu $0, nhiing két luan dung cho tin hiéu roi rac cling
dung cho tin hiéu sé.

Mubn xir 1y tin hiéu roi rac, trude tién ta phai biét cach biéu dién va phén tich
tin hiéu roi rac. Viéc xu 1y tin hi€u ro1 rac duogc thuc hién boi cac hé théng roi rac.
Vi vy ta phai nghién ctru cic vin dé biéu dién, phan tich, nhan dang, thiét ké va
thuc hién hé thong roi rac.

Bay gio, chung ta s& nhap mén voi chu dé biéu dién va phan tich tin hiéu roi
rac, hé thong roi rac trong mién thoi gian.

1. PINH NGHIA TiN HIEU:

Tin hi€u 1a mét dai lugng vat ly chira thong tin (information). V& mit toan hoc,
tin hiéu dugc bi€u dién bang mot ham ctia mot hay nhiéu bién ddc 1ap.
Vi du: - Tin hiéu 4m thanh 13 dao dong co hoc lan truyén trong khong khi, mang
thong tin truyén dén tai. Khi bién thanh tin hi¢u dién (dién 4p hay dong di¢n) thi gia
tri cua n6 1a mot ham theo thoi gian.
- Tin hiéu hinh anh tinh hai chiéu dugc dic trung boi mdt ham cuong do sang
cua hai bién khong gian. Khi bién thanh tin hi€u dién, n6 12 ham mot bién thoi gian.



Pé thuan tién, ta qui udc (khong vi thé ma 1am mét tinh tong quat) tin hiéu 1a
mot ham cia mdt bién doc ldp va bi€n nay la thoi gian (mac du co khi khong phai
nhu vy, chdng han nhu sy bién do1 cua ap suat theo dg cao).

Gia tri cua ham twong Ung voi mot gia tri cua bién duoc goi 1a bién do
(amplitude) cta tin hiéu. Ta thiy ring, thudt ngit bién d6 ¢ day khong phai 13 gia tri
cuc dai ma tin hiéu co thé dat dugc.

2. PHAN LOAI TiN HIEU:

Tin hi¢u dugc phan loai dya vao nhi€u co s¢ khdc nhau va tuong ung c6 cac
cach phan loai khac nhau. O day, ta dua vao su lién tuc hay roi rac cua thoi gian va
bién do dé€ phan loai. Co 4 loai tin hiéu nhw sau:

- Tin hiéu twong tu (Analog signal): thoi gian lién tuc va bién dj ciing lién tuc.

- Tin hiéu lwong tuw hoa (Quantified signal): thoi gian lién tuc va bién dj roi rac.
Pay 1a tin hiéu twong ty c6 bién do da dugc roi rac hoa.

- Tin hiéu roi rac (Discrete signal): La tin hiéu dwoc biéu dién boi ham cua cdac
bién roi rac.

+ Tin hi¢u lay mau: Ham cua tin hi¢u ro1 rac 1a lién tuc (khong duoc lugng tir hod)

+ Tin hiéu s6: Ham cua tin hi€u ro1 rac 1a roi rac. Tin hiéu s6 1a tin hiéu duoc roi rac
ca bién d0 va bién so

Cac loai tin hi€u trén dugc minh hoa trong hinh 1.1.
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Nhan xét: Do tin hi¢u so0 1a mdt truong hop dac biét cua tin hi€u roi rac nén céc
phuong phap xtr li tin hi€u ro1 rac déu hoan toan dugc 4p dung cho xtr li tin hiéu so.
Trong chuong trinh ching ta s€ tim hi€u cac phuong phap xu 1i tin hiéu ro1 rac.

3. HE THONG XU LY TiN HIEU
a) Hé thong tuong tu

—> —

b) Hé thong sb

—> —>

c) Hé théng xtr 1y tin hiéu tong quat

ADC
Sample
Signal
——M»Hold Quantizer > DSP » DAC ——
X(® B — x(t)
Digital :
.Signal

Tin hiéu x(t) & dau vao dugc chuyén thanh tin hiéu sé nhd ADC, qua DSP dua
vao DAC ta coé y(t).



Chuong 1
TIN HIEU ROI RAC VA HE THONG ROI RAC
I. TIN HIEU ROI RAC
1. Dinh nghia

Mot tin hiéu roi rac ¢ thé duogc biéu dién béng mot day cac gia tri (thuc hoac
phuc). Phan tir thir n cta day (n la mot s6 nguyén) dugc ky hiéu 1a x(n) va mdt day
duoc ky hiéu nhu sau:

x={x(n)} vdéi -o<n<owo (1.1.8)
x(n) dwoc goi la mau thir n cia tin hiéu x.
Ta ciing c6 thé biéu dién theo kiéu liét ké. Vi du:

x={..0,2-1,3, 25-18,1,5,-7,0,.} (1.1.h)
_ Trong do, phén tr duoc chi boi mii tén 1a phan t rvong tng voi n = 0, céac
phan tr tvong tng véi n > 0 duogc x€p lan lugt vé phia phai va nguoc lai.

N Néu x = x(t) 1a mot tin hi¢u lién tyc theo thoi gian t va tin hiéu nay duoc lay
mau cach déu nhau mot khoang thoi gian la Ts, bién d cia mau tht n 1a x(nTs). Ta
thay, x(n) 1a cach viét don gian héa cua x(nTs), ngdm hi€u rang ta da chuan hoa truc
thoi gian theo Ts.

Ts goi 1a chu ky 1y mau (Sampling period).

Fs = 1/Ts duoc goi 1a tan sb 14y mau (Sampling frequency).
Ghi chu: q ‘ ‘
- Tur day v€ sau, truc thoi gian s€ dugc chuan hoa theo Ts, khi can tré vé thoi gian
thuc, ta thay bién n bang nTs.

- Tin hiéu roi rac chi ¢ gia tri xac dinh & cac thoi diém nguyén n. Ngoai cac thoi
diém d6 ra tin hiéu khong c6 gia tri xac dinh, khéng duoc hiéu chung c6 gid tri bing
0.

- Pé don gian, sau nay, thay vi ky hiéu day du, ta chi can viét x(n) va hiéu day la

day x = {x(n)}.

2. Céac tin hiéu roi rac co ban
al. Tin hiéu xung don vi (Unit inpulse sequence):

Pay 1a mot diy co ban nhét, ky hiéu 1a 3(n) , dugc dinh nghia nhu sau:



I, n=0 (1.2)
S(n) =

éin) ={..,0,.,0,1,0,.,0,.1}
1AV 1.3
y t (1.3)
Day 3 (%) diroc bidu didn bing 46 thi nhw hinh 1.3 (a)

b/. Day chir nhat: Day chir nhat dugc ki hi€u la recty(n) va duge dinh nghia nhu

sau:
okl

recty (n) n  conlai

¢/. Tin hiéu nhay béc don vi (Unit step sequence)

Day nay thuong dugc ky hi¢u 1a u(n) va dugc dinh nghia nhu sau:

1, nz0
() =
0,n=10 (1 .5}
Diy u(n) duoc biéu dién bang dd thi hinh 1.3 (c).

M0oéi quan h¢ gitra tin hi¢u nhay bac don vi véi tin hiéu xung don vi:

.
u(n)=kfm5(;c) = Sl =ulny —uln—13 | (1.6)

véi u(n-1) 1a tin hiéu u(n) duoc dich phai mot mau.




A x(n)

)

Hinh 1.3 Cac day co ban

a) Day xung don vi

b) Day chir nhat

c) Day nhay bac don vi

d) Day ham mi

e) Daiy tudn hoan cé chu ky N=8
f) Day hinh sin c6 chu ky N=5

d/. Tin hiéu ham mii (Exponential sequence)

x(n)=A (L7
Néu A va o 1a sb thuc thi day la day thuc. V&1 mét day thuc, qéu 0<a<lva
A>0 thi day c6 cac gia tri duong va giam khi n tang, hinh 1.3(d). Néu —1< o < 0 thi
cac gia tri cua day sé lan lugc do6i dau va c6 d6 16n giam khi n tang. Néu | a |>1 thi
do 16n cua day s€ tang khi n tang.

e/. Tin hiéu tuan hoan (Periodic sequence)

Mot tin hiéu x(n) dugc goi 1a tudn hoan véi chu ky N khi: x(n+N) = x(n), voi
moi n. Mot tin hiéu tuan hoan c6 chu ky N=8 duoc bi¢u dién bang do thi hinh 1.3(e).
D1 nhién, mot tin hi¢u hinh sin ciing 12 mdt hi€u tuan hoan.

.2
x(n) = sin[ —(x#+ 3] .
Vi du: 5 12 mot tin hiéu tuan hoan c6 chu ky la N=5, xem
hinh1.3(f)
f/. Dy c6 chiéu dai hiru han

Diy dugc xac dinh voi s6 mau N hitu han (N diém trén truc hoanh) goi 1a day
c6 chiéu dai hiru han. N duoc goi 1a chiéu dai cua day, ki hi¢u la:



L[x(n)1=N
Vi du: L[recty(n) ]=N
g/. Ning lwong va cong xuit cia day.

. Nang lugng ctia mot day dugc dinh nghia nhu sau:

ey

Trong d6 |x(n)| 1a modul cta x(n).

Vi du ErectN(n) ‘n)|2 * .\I

. Cong xuit trung binh cta diy:

. 1 2
" B

B Ning luong cua day x(n) trong khoang [N IR :

ExN ‘n)r

vay E, [fimE
N

1
Px .ZW. ExN

. Diy ning luong: néu ning luong cia diy x(n) 1a hiru han thi x(n) duoc goi 1a
day nang luong.

. Diy cong xuit: néu cong xuat trung binh cua x(n) 1a hitu han thi x(n) duoc goi 1a
day cong xuat.
3. Cac phép toan co ban cua day

Cho 2 day x; = {x1(n)} va X, = {Xo(n)} cac phép toan co ban trén hai ddy dugc dinh
nghia nhu sau:

1/. Phép nhén 2 day: y = X1 . X2 = {x1(n).X2(n)} (1.8)
2/. Phép nhan 1 day voi 1 hé so: y =a.x; = {a.xy(n)} (1.9)
3/. Phép cong 2 day: y = X1 + Xz = {Xz(n) + X2(n)} (1.10)

4/. Phép dich mot day (Shifting sequence):

- Dich phai: Goi y 1a ddy két qua trong phép dich phai no mau mét day x ta cO:
y(n) = x(n-ng), véing >0 (1.11)

- Dich trai: Goi z 1a ddy két qua trong phép dich trai n0 mau diy x ta co:



z(n) = x(n+ng), vding >0 (1.12)

Phép dich phai con goi 1a phép lam tré (delay). Phép lam tré mot mau thudng duoc
ky hiéu bang chit D hodc Z™ . Cac phép dich trai va dich phai dwgc minh hoa trong

cac hinh 1.4.
dE, . L U,
40123456788 "A1012345 £54321 01
(b)Y DEy y(n) = x{n-4) {a) Ddy x(n) {€) 2(n) = x(n+8)

Hinh 1.4:  (a) Day x(n)

(b) Phep dich phai 4 mau tr én tin hiéu x(n)

(c) Phép dich trai 5 mau trén tin hiéu x(n)
Nhan xét: Ta thdy, mét tin hiéu x(n) bdt ky c¢6 thé biéu dién bdi tin hiéu xung don vi
nhw sau:

+Ho
xxi= 2 x(K1bn -k
() Z (k) diln — k) (1.13)
Céach biéu dién nay s& din dén mot két qua quan trong trong phan sau.
Ghi cha:
Céac phép tinh thuc hién trén cac tin hiéu roi rac chi c¢6 ¥ nghia khi tin sb 1ay mau
cua cac tin hi€u nay bang nhau.

II. HE THONG ROI RAC
1. KHAI NIEM
a. Hé théng thoi gian roi rac (goi tat 1a hé thong roi rac):

H¢ théng thoi gian roi rac 1la mot thiét bi (device) hay 1a mot thuat toan
(algorithm) ma no tac dong 1én mot tin hiéu vao (diy vao) dé cung cdp mot tin hiéu
ra (day ra) theo mot qui luat hay mdét thu tuc (procedure) tinh toan nao dé. Pinh
nghia theo toan hoc, d6 13 mot phép bién doi hay mot toan tir (operator) ma né bién
mot day vao x(n) thanh day ra y(n).

Ky hiéu: y(n) = T{x(n)} (1.14)

Tin hiéu vao dwoc goi la tac dong hay kich thich (excitation), tin hiéu ra dwoc goi la
dap wng (response). Biéu thuc biéu dién moi quan hé giita kich thich va dap wng
dwoc goi la quan hé vao ra cua hé thong.

Quan hé vao ra ciia mot hé thong roi rac con duge biéu dién nhu hinh 1.5.



I[H)Lr]":“)
Hinhl 5 Ky hi¢u mat bé théng rdirac
Vi du 1.1: H¢ thong lam tré 1y twéng dwgc dinh nghia boi phwong trinh:
y(n) =x(n—ny), véi Ml n <1 (1.15)
Ng 12 mot sé nguyén duong khong d6i goi 1a d6 tré cua hé thong.

Vi du 1.2: Hé thong trung binh dong (Moving average system) dwoc dinh nghia
b1 phuong trinh:
1 2
SRR
1 {x(m+M1j+x(m+M1—1)+...+x(m)

Yy = }
Mo+l |-+ +xla- M) (1.16)

v6i M1 va M2 1a cac s6 nguyén duong.

Hé thong nay tinh mau tht n cta ddy ra I trung binh cia (M1 + M2 + 1) mau
cua day vao xung quanh mau thir n, tir mau thr n-M2 dén mau thu n+M1 .

b. Pap eng xung (impulse response) ciia mt hé théng roi rac

Dép tng xung h(n) cia mot hé théng rdi rac 1a dap ung cua hé thong khi kich thich
1a tin hiéu xung don vi .1) ta co:

h(n) = T{5(e)} hay 5 LI h(m) 1.17)

Trong cac phan sau, ta s& thdy, trong cac diéu kién xac dinh dap tmg xung cia
mot hé thong c6 thé mo td mdt cach day du hé thong do.

Vi du 1.3: Pap @ng xung ciia hé thong trung binh dong la:
1 1

M
= S'An-ki=
) =3 7, 00~ = My M 4

W =0 =k

i khd
0 SEERE e

c. Biéu dién hé thong biang so d6 khoi

Pé c6 thé biéu dién mot hé thong bang so d6 khoi, ta can dinh nghia cac phan
tir co ban. Mét hé thong phirc tap sé€ 1a su lién két cia cac phan tir co ban nay.

c1/. Phan tr nhan ddy véi ddy (signal multiplier), twong Gmg véi phép nhan hai day,
c6 so do khoi nhu sau:

10
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L
c2/. Phan tr nhan mot ddy voi mot hang sé (Constant multiplier), twong tng véi
phép nhan mot hé s6 vé1 mot day, co so d6 khoi nhu sau:

—

c3/. Phan tir cong (Adder), twong tng véi phép cong hai diy, c6 so do khéi nhu sau:

%in)
% () /L i = xi(m)+ x(m)
+

S
c4/. Phén tir 1am tré mdt miu (Unit Delay Element), twong ng véi phép lam tré
mot mau, c6 so do khoi nhu sau:

£{m ¥(m) = x{n-1)
—x zl ——=

Trong céc phan sau, ta s& thanh 14p mot hé thdng phirc tap bang su lién két cac
phan tu co ban nay.

2. PHAN LOAI HE THONG ROI RAC

Cac hé théng ro1 rac dugc phan loai dua vao cac thudc tinh cua nd, cu thé 1a
cac thudc tinh cua toan tir bi€u dién h¢ thong (T).

1/. Hé thong khong nhé (Memoryless systems):

Hé théng khong nhé con duge goi 1a hé thong tinh (Static systems) 1a mot hé
théng ma dap ung y(n) & mdi thoi diém n chi phu thude vao gia tri cua tac dong x(n)
& cung thoi diém n doé.

Mot hé thdng khong thoa min dinh nghia trén duoc goi 13 hé théng c6 nhé hay
hé thong déng (Dynamic systems).

Vi du 1.4:

- Hé thong duoc md ta béoi quan hé vdao ra nhu sau: y(n) = [x(n)]2 , voi
moi gia tri cua n, 12 mot hé théng khong nhé.

- Hé thong 1am tré trong vi du 1.1, ndi chung 1a mot hé théng c6 nhd khi ng>0.

- Hé théng trung binh dong trong vi du 1.2 1a hé théng c6 nhd, trir khi M;=M,=0.

2/. H¢ thong tuyén tinh (Linear systems)

Mt hé thong dwoc goi la tuyén tinh néu né théa man nguyén Iy chong chit
(Principle of superposition). Goi yi(n) va yz(n) lan luot 1a dap ing cua h¢ théng
twong 1tng voi cdc tac dong x1(n) VA Xo(n), hé thong la tuyén tinh néu va chi néu:

Tlax (o +bx, (0 =aTix () + 2T x, ) = ay (0 + 2y, (0 (1.19)
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v6i a, b 12 2 hang s6 bat ky va véi moi n.
Ta thay, d6i v6i mot hé thong tuyén tinh, thi dap ang cua mot tong cac tac dong
bang tong dap ung cua hé ing vdi tung tac dong riéng I¢.

Mot hé thong khong thoa man dinh nghia trén duoc goi 1a hé thong phi tuyén
(Nonliear systems).

Vi du : Ta c6 thé chirmg minh dugc hé thong tich liy (accumulator) duge dinh nghia
bd1 quan hé¢:

-
y(ﬁ)—k_:nx'(k) (1.20)

12 mot hé théng tuyén tinh. Hé thong nay duoc goi 1a hé théng tich liy vi miu thtr n
cua dap Ung bang tong tich Iliy tat ca cac gia tri ctua tin hi¢u vao trudc dd dén thoi
diém th n.

; _ AYE xl (k) nla)= xz (k)
Chuing minh: Ddt ot Vet K thi

2
TR = i R )

Zﬂxlik)‘i'vaz(k)_ﬂ ;{l(k)+bvxg(}':)
= e o [ — f—

=a.y:i(n) + b.y,(n) voiavab la cac hing sb bat ky.
Vay hé théng nay 1a mot hé théng tuyén tinh.
3/. Hé thong bt bién theo thoi gian (Time-Invariant systems)
N Mot heé théng la bat bién t}ieo thoi gian néu va chi néu tin hiéu vao bi dich ny
mau thi dap vung cing dich Nng mau, ta co:
Néeu y(n) =T{x(n)} va x;(n) = x(n-ngy)
thi yi(n) = T{x1(n)} = {x(n-ng)} = y(n - ng) (1.21)
Ta c6 thé kiém ching rang cac hé thong trong cac vi du truéc déu 1a hé thong bat
bién theo thoi gian.
Vi du : Hé thong nén (compressor) dwoc dinh nghia béi quan hé:
y(n) = x(M.n) (1.22)
v6i -0 <n <o va M la mot s6 nguyén duong.
Hé théng nay duoc goi la hé théng nén boi vi n6 loai bo (M-1) mau trong M
mau (no6 sinh ra mot ddy mai bang cach lay mot mau trong M mau). Ta s& ching
minh rang hé thong nay khong phai 1a mot hé thong bat bién.

Chtrng minh: Goi yi(n) la dap trng cta tac dong x1(n), voi x1(n) = xX(n — ng), thi:
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y1(n) = X1(Mn) = x(Mn — ng)
Nhung: y(n-ng) = X[M(n-ng)] (y1(n)

Ta thay x;(n) bang x(n) duoc dich ng miu, nhung yi(n) khong bang véi y(n) trong
cung phép dich d6. Vay hé thdng nay khong 13 hé théng bat bién, trir khi M = 1.

4/. Hé thong nhin qua (Causal systems)

Mot hé thong 12 nhan qua néu voi mdi gia tri ng cia n, dap Gmg tai thoi diém
N=n, chi phu thudc vao cac gia tri cua kich thich ¢ cac thoi diém n < ng. Ta thay, dap
ung cua h¢ chi phu thudc vao tdc dong & quéa khir va hién tai ma khong phu thudc
vao tac dong & tuong lai. Ta co;

y(n) = T{x(n)} = F{x(n),x(n-1),x(n-2),. . .}
(1.23)

vo1 F 1a mot ham nao dé.
Hé thong trong vi du 1.1 1a nhan qua khi ng .) va khong nhan qua khi ng <O0.

Vi du : Hé théng sai phan téi (Forward difference systems) dwoc dinh nghia béi
quan hé:

y(n) = x(n+1) - x(n) (1.23)
R& rang y(n) phu thudc vao x(n+1), vi viy hé théng nay khong c6 tinh nhan qua.

Nguoc lai, hé théng sai phan lui (Backward difference systems) dwgc dinh
nghia boi quan hé: y(n) = x(n) — x(n-1) (1.24)

12 mot hé thdng nhan qua.

5/. Hé théng 6n dinh (Stable systems)

Mot he théng on dinh con duwoc goi la hé théng BIBO (Bounded-Input
Bounded-Output) néu va chi néu v&i moi tin hiéu vao bi gidi han sé cung cap day ra
gioi han.

Mot day vao x(n) bi gidi1 han néu ton tai mot sb duong hitu han Bx sao cho:
[x(n)| < Bx <+, véi moi n (1.25)

Mot hé théng 6n dinh doi hoi rﬁng, g v6i mdi diy vao hiru han, ton tai mot sd
duong By hiru han sao cho:

ly(n)] < By <+o0, v6i moi n (1.26)

Cac hé théng trong cac vi du 1:1; 1.2; 1.3wve‘1 1.6 1a cac hé théng on dinh. Hé théng
tich Iy trong vi du 1.5 1a h¢ thong khong 6n dinh.
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Ghi chu: Céac thudc tinh dé phan loai hé théng O trén la cac thudc tinh cua hé théng
chtr khong phai 1a cac thudc tinh cua tin hi€u vao. Cac thudc tinh nay phai théa man
vO1 moi tin hiéu vao.
3. HE THONG TUYEN TiNH BAT BIEN THEO THOI GIAN

(LTI: Linear Time-Invariant System)

1. KHAI NIEM

Hé thong tuyén tinh bat bién theo thoi gian 1a hé thong thoa man déng thoi hai tinh
chat tuyén tinh va bat bién.

7 Goi T 1a mot hé théng LTI, sit dung céach biéu dién & pt(1.13) va pt(1.14), ta céd
thé viét:

w

()= T(x(n)} = T{ (S (- k}}

et

(1.27)
v6i k 1a s6 nguyén.

Ap dung tinh chét tuyén tinh, pt(1.27) c6 thé dugc viét lai:

y(n)= 2 x(O)T(8(n - k)

) (1.28)
Dép tmg xung ctia hé théng 1a: h(n) = T{3(n)}, vi hé thdng c6 tinh bat bién, nén:
h(n - k) = T{llh - ©} (1.29)

Thay pt(1.29) vao pt(1.28) ta co:

= > x()h(n -
yin) I:DI( Jain— k) (1.30)

Tu pt(1.30), ta théy mot hé théng LTI hoan toan c6 thé dugc dic ta bai dap tmg
xung ctia nd va ta co thé dung pt(1.30) dé tinh dap tGng cua hé thong ung voi mot
kich thich bat ky. Hé thdng LTI rat thuan loi trong cach biéu dién ciing nhu tinh
toan, ddy 1a mot hé thong c6 nhiéu ung dung quan trong trong xt 1y tin hiéu.

2. TICH CHAP

2.1. Dinh nghia: Tich chap cua hai day x;(n) va Xa(n) bat ky, ky hiéu: * , dugc dinh
nghia boi bi€u thic sau:
S i, m =k
yo =x @y =S (131)
Pt(1.30) duoc viét lai: y(n) = x(n)*h(n) (1.32)

vay, dap Gmg ctia mot hé thong bang tich chap tin hiéu vao véi dap Gmg xung ciia no.
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Nhu vy, voi mdi mot gia tri cia n ta phai tinh 1 tong theo k cua tich x(k).h(n-k) nhu
sau.:

- - -

d ] O ’k)h(l)

n [l ) ‘k)hal)
d 1 o ’k)h(z )
d ] © ’k)h(s )

Tap hop cac gia tri cia y(n) ta s€ co y.
2.2. Phwong phap tinh tich chip bang dé thi

Tich chép cua hai diy bt ky c6 thé duoc tinh mot cach nhanh chong véi su tro
giup cua cac chuong trinh trén may vi tinh. O day, phuong phap tinh tich chap bang
dd thi duoc trinh bay voi muyc dich minh hoa. Trudc tién, dé dé dang tim diy x,(n-
k), ta co thé viét lai:

Xz (N-K) =X [-(k - n)] (1.33)

Tu pt(1.33), ta thay, néu n>0, dé c6 xz(n k) ta dich x,(-k) sang phai n mau, nguoc
lai, néu n<0 ta dich x,(-K) sang trai |n| mau. Tir nhan xét nay, Ta co thé dé ra mot qui
trinh tinh tich chip cta hai diy , vi ting gid tri cua n, bang do thi nhu sau:

Bwdc 1: Chon gia tri cia n.

Buéc 2: Lay d6i xtng x,(k) qua goc toa do ta dugc xo(-K).

Buée 3: Dich x,(-K) sang trai [n| mau néu n<0 va sang phai n mau néu n>0, ta duoc
day x,(n-k).

Burée 4:Thuc hién cac phép nhan x1(k).xo(n-k), véi - | k < |}

Buwée 5: Tinh y(n) bang cach cong tat ca cac két qua dugc tinh & budc 4.

Chon gia tri méi cta n va lap lai tur bude 3.
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Vi du 1.8: Cho mdt hé thong LTI c6 dap wng xung la :
l, »di D=n<HM-1
hig) = w(r) - u(n- M) = {

(3 ncikbde
: (1.34)

tin hiéu vao 1a: x(n) = a" u(n). Tinh dap Gng y(n) cta hé thong, véi N> 0 va |a| <1.
Giai:
T‘ x(dhin — k) g . s
Tirpt(1.32) ta co : yin) = xn)*hin) = , ta s& tinh y(n) bang phirong phap d6 tht.

@ Voin <0: Hinh 1.5(a). trinh bay hai day x(k) va h(n-k) torng truwong hop n <
0 (v61 N =4 va n = -3). Ta thay trong truong hop nay, cac thanh phan khac 0 ctua
x(K) va h(n-k) khong tring nhau, vi vay:
y(n) =0, véi moi n < 0. (1.35)

@ Voi 0 < n < N-1: Hinh 1.5(b). trinh bay hai day x(k) va h(n-k), trong truong
nay, ta thay:
x(K).h(n-k) =a“  nén:

&

Vi) = &T (1.36)

Ta thdy, y(n) chinh 1a tong (n+1) s hang ctia mot chudi hinh hoc c6 cong bdi 13 a,
ap dung cong thirc tinh tong hiru han cua chudi hinh hoc, d6 la:

“i_d‘gkz qN_qMH
i I-¢ w4 M>=N (1.37)
1 a:?ﬁ'l
_ yim) =
Ta durge: 1-a (1.38)
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Hinh 1.5 : Cac diy xuit hién trong qua trinh tong chap. (a);(b);(c)Cac diy x(k) va h(n-
k) nhw 1a mgt ham cua k véi cac gia tri khac nhau cau n (chi cac mau khac 0 méi dwoe

trinh bay ); (d) Téng chip y(n) = x(n) * h(n).

@ Véi (N-1) <n: Hinh 1.5(b). trinh bay hai day x(k) va h(n-k), twong tw nhu trén

k
T‘ﬂf

v = -1

Ein+1 _ an—H+1[1_aNJ
a l-a (1.39

Téng hop cac két qua tlr pt(1.353,01.38) va (1.32) ta duoc:

ta co: X(k).h(n-Kk) = ak
VA W) S
y(n)="
hay:
s 0] Wil
1 - Eln+1
£ 1l —a

yln)=

1-a

n-H+ 1_aH .
a Hl( J,vﬁﬁll‘q-l-ﬂn
W

wim 0 =n=HN-1

(1.40)



Vi duy nay tinh tich chap trong truong hop don gian. Cac truong hop phirc tap
hon, tich chap cting c6 thé tinh bang phuong phap d6 thi, nhung voi diéu kién la 2
day phai c6 mgt s hitu han cac mau khac 0.

Cha y: Viéc thyc hién phép chip 2 chudi cé chiéu dai hitu han: L[x(n) ]=L,
L[Xz(n) ]:Lz thi:

+L=L[y(n)]=LitL,-1
+ Néu cac miu cia x nam trong khoang [M,, N,], néu cac mau cia h nam trong
khoang [My, Ny] thi cic mau cua y nam trong khoang [M,+Mp, Ny+Np]

3. Cac tinh chit ciia hé thong tuyén tinh bat bién

Vi tit ca céc hé thong LTI déu co thé biéu dién bang tich chip, nén céc tinh chat cua
tong chap cling chinh 1a cac tinh chat cua h¢ thong LTI

3.1 Cac tinh chit ciaa tich chap

a) Tinh giao hoan (Commutative): cho 2 ddy x(n) va h(n) bat ky, ta co:
y(n) = x(n)*h(n) = h(n)*x(n) (1.41)

Chirmg minh: Thay bién m=n-k vao pt (1.33), ta duoc:

M :TX M = TX?E—P?E P
yin) Z (k)a(n— k) m':;( i) (1.42)

. W
R y(ﬂ]—m:f(m}x(?ﬂ )= kln) *xin) (1.43)

b) Tinh phdi hep (Associative): Cho 3 day x(n), h1 (n) va h2(n), ta co:
y(n) = [x(n)*ha(n)]*hz (n) = x(n)*[ha(n)*h(n)] (1.44)

Tinh chit ndy c6 thé ching minh mdt cach d& dang bang cach dya vao biéu
thuc dinh nghia cua tong chap.

HE€ qua 1: Xet hai h¢ théng LTI c6 dap ung xung 1an luge 12 h1(n) va h2(n) méc lién
tzep (cascade), nghia la dap vung cua hé thong thie 1 tro thanh kich thich cta hé
théng tht 2 (hinh 1.6(a)). Ap dung tinh chat phdi hop ta dugc:

y(n) = x(n)*h(n) = [x(n)*h1(n)]*hz(n) = x(n)*[h.(n)*hz(n)]
hay h(n) = hy(n)*hy(n) = hy(n)*hy(n) (tinh giao hoan) (1.45)
Tt pt(1.45) ta c6 duge cac hé thong twong duwong nhu cac hinh 1.6(b) va 1.6(c).
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Hinh 1.6: {a® Hai h& ihdng hyn) vE hoiniméc nd tigp.
fbt va (o) céc he thang uohg dugng.

¢) Tinh chét phéan bb v6i phép cong (Distributes over addition): tinh chat nay dugc
biéu dién boi biéu thirc sau:
y(n) = x(n)*[h1(n) + hz(n)] = x(n)*hy(n) + x(n)*hz(n) (1.46)

va cling nay c6 thé ching minh mot cach dé dang bang cach dua vao biéu thtc dinh
nghia cua tong chap.

Hé qua 2: Xét hai hé théng LTI c6 dap ung xung 1an luot 13 hy(n) va hz(n) mic song
song (parallel), (hinh 1.7(a)). dp dung tinh chat phdn bé ta dwoc ddp g xung cia
hé théng tuong duong la:

h(n) = hy(n) + hy(n) (1.47)
so d6 khéi ciia mach tuong dwong dugc trinh bay trong hinh 1.7(b).

wim
20710 ; o
Frind
ia}
PN vin)

— i) + el —
{2

Finh 1.7: =) Hei hé trdngh(ni vahoniméc scng song.
Y HE théng tudng cudng

3.2 Cac tinh chit khac
a./ Hé thong LTI 6n dinh:
Pinh ly: Mot hé théng LTI ¢ tinh on dinh néu va chi néu:

s= 2k (e
— (1.48)

v6i h(n) 1a ddp Gng xung ciia hé thong.
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Chung minh:
Diéu kién du: xét mot tin hiéu vao hitu han, nghia la:

be(r)l = by <00, v by 13 mét 55 dutdng,

thi Y| S RE G — )= 3| A(E) || 02— )|
Km—r L]
hay | () £ By 3 |4 | <o

]

Vay |y(n)| httu han khi diéu kién ¢ pt(1.48) thoa man, hay pt(1.48) 1a diéu kién
du dé hé thong on dinh.

Diéu kién cin: Dé chirng minh diéu kién can ta dung phwong phdp phan chimg.
Trudc tién ta gia sir rang hé théng co tlnh 6n dinh, néu ta tim dugc mot tin hiéu vao

nao dé6 théa man diéu kién hitu han va néu téng S phan ky (S -h1 hé thong s&
khong 6n dinh, mau thuan véi gia thiét.

That vay, ta xét mdt day vao dugc nghia nhu sau:
h-mhi-n, witd hi-n) =
%) =
0, wiii bl-n) =10
o dﬁi, h*(n) 13 lién hop phuc cia h(n), rd rang |x(n)| bi gidi han béi 1, tuy nhién, néu

S a xét dap ing tain = 0:

: = b0 _ =
SThilui-ky= S22 = N h =5
= ARG B = AR TR

Ta thiy, két qua nay méu thuan voi gia thuyét ban dau (hé théng 6n dinh). Vay,
s phai hiru han.

b./ Hé théng LTI nhan qua
Pinh ly: Mot hé th(f)ng LTI c6 tinh nhian qué néu va chi néu dap ng xung h(n)
ctia n6 théa man diéu kién:
h(n)=0, véimoin<0 (1.49)
Chirng minh:

Diéu kién di: tr y(n) ‘k)h(n B, két hop v6i (1.49) ta co
K

y(n) ‘k)h(nl) (1.50)
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Tir pt(1.50), ta thiy gi6i han trén cua tong 1a n, nghia 1a y(n) chi phy thugc vao x(k)
vOi1 k <=n, nén h¢ thong c6 tinh nhan qua.

Diéu kién can: Ta sé chirng minh bang phwong phdp phdn chirng. Gia su rﬁng,

Yy = 2 x(e — m)h(m) )
h(m) # 0 v61 m < 0. Tu pt(1.42): B , ta thdy y(n) phu thudc vao
X(n-m) voi m < 0 hay n-m > n, suy ra h¢ thong khong c6 tinh nhan qua.

Vi vay, diéu kién can va du dé hé théng co tinh nhan qua phai 13: h(n)=0 khi n < 0.
Vi du : Hé théng tich luy dwoc dinh nghia béi

y(n) = ix(;c;. cé dd p ing xung l&: hin) = iﬁ(scj =u(n) (151

Ko —tc Kot

Tir pt(1.51) ta thdy h(n) cua hé¢ hé théng nay khong thoa dicu kién pt(1.48) nén
khong 6n dinh va h(n) thda di€u kién pt(1.49) nén n6 1a mot h¢ thong nhan qua.

. Diy nhan qua: Diy x duoc goi 1a nhin qua néu x(n) = 0 v6i n<0

B Nhu vay véi hé théng tuyén tinh bat bién nhan qua c6 kich thich 1a ddy nhan qua
thi dap ung ra cua nd dugc viét lai nhu sau:

y(n) 'k)h(n b

Vi du: Xét mét hé thong c6 dap kng xung 1a h(n) = a" u(n), ta co:
I T

Néu |a| < 1, thi S hoi tu va S = 1/(1-]a]) vi vay hé thdng c6 tinh 6n dinh.

Néu [a| > 1, thi S |l hé thdng khong 6n dinh.

4. PHUONG TRINH SAI PHAN TUYEN TINH HE SO HANG
(LCCDE: Linear Constant-Coefficient Difference Equations)

4.1. Khai niém: Mot hé théng LTI ma quan h¢ gitra tac dong x(n) va dap ung y(n)
cua n6 thdéa man phuong trinh sai phan truyén tinh h¢ s6 hang bac N dudi dang:

H M
Slayvyn —ki=>"boxln—r
= ¥ in —k) . (n—r1) (1.55)

dugc goi 1a hé thong c6 phuong trinh sai phan truyén tinh hé s6 hang (LCCDE).
Trong d6, cac hé sb ak va br 1a cac thong so6 dic trung cho hé thng.

Hé thong LTI ¢c6 LCCDE la mot 16p con quan trong ciia hé thong LTI trong xir
ly tin hiéu s6. Ta c6 th€ so sanh n6 voi mach R_L_C trong ly thuyét mach tuong tu
(dugc dac trung bang phan trinh vi tich phan tuyén tinh h¢ s6 hang).
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Vi du 1.12: Xét hé thong tich liiy, nhw ta biét, day 1a mot hé thong LTI, vi vay
¢6 thé biéu dién boi mot LCCDE. Thay vy, ta xem lai hinh 1.8, trong d6 y(n) 1a dap
mg cta hé thong tich liiy ing véi tin hiéu vao x(n), va y(n) déng vai tro tin hiéu vao
ctia hé thdng vi phan 10i. Vi hé thong vi phan 1ui 13 hé thong dao cua hé thdng tich
Ity nén:

y(n) - y(n-1) = x(n) , (1.56)
Pt(1.56) chinh 1a LCCDE cua mdt hé thong tich 1y, véi N=1, ay =1, a;=-1, M=0 va
bo =1.
Ta viét lai: y(n) = y(n-1) + x(n) (1.57)
Tur pt(1.57), ta thiy, véi mdi gia tri cua n, phai cong thém vao x(n) mot tong dugc
tich liy truée d6 y(n-1). Hé thong tich lily duoc biéu dién bang so dd khdi hinh 1.9
va pt(1.57) 1a mot cach biéu dién dé qui cua hé thong.

1)
x(1) . T -

4 v

71
wa-l)

Hinh 19: 32 d8 khdl cla hé théng tich luf
4.2. NGHIEM CUA PTSP-TT-HSH

Phuong trinh sai phan tuyén tinh hé sb héng la mot dang quan h¢ vao ra mo ta
hé théng LTI Trong phan ndy, ta s& tim biéu thirc tuong minh cua dap ung y(n)
bang phuong phép truc tlep Con mot phuong phap khac dé tim nghiém cua phuong
trinh nay la dua trén bién ddi z s& duoc trinh bay trong chuong sau, ta goi 1a phuong
phép gian tiép.

Tuong tu nhu phuong trinh vi tich phan tuyén tinh hé sé hang cua hé thong lién
tuc theo thdi gian. Trudc tién, ta tim nghiém ctia phuong trinh sai phan thuan nhét
(homogeneous diference equation), d6 1a pt (1.55) voi vé phai bang 0. Day chinh 1a
dap tng cua hé thdng véi tin hiéu vao x(n) = 0. Sau d6, ta tim mot nghiém riéng
(particular solution) cua pt(1.55) v&i x(n)(0. Cudi cing, nghiém tong quat (total
solution) cia LCCDE (1.55) 1a tong nghiém cia phuong trinh sai phan thuan nhét
v6oi nghiém riéng cta nd. Thu tyuc tim nghiém nhu sau:

a./ Buéc 1 Tim nghiém ciia phwong trinh sai phan thuin nhat (Pap ung cia hé
thong khi tin hiéu vao bang 0)
H
Dayyin-—k) =

Phuong trinh sai phan thuan nhét c6 dang: *-° (1.58)

(Bang cach chia 2 vé cho ag dé c6 dang (1.58) voi ag = 1)

Ta di biét rang, nghiém cta phuong trinh vi phan thudng c6 dang ham mii, vi
vay, ta gid st nghiém ctia phuong trinh sai phan thuan nhat c6 dang:
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yo(n) = Il (1.59)
Chi s6 yo(n) dugc dung dé chi rang d6 12 nghiém cta phuong trinh thuan nhat.

Thay vao pt(1.58) ta thu dugc mot phuong trinh da thirc:

hay: I+ ol + 2 I+ ...+ ol ay) =0 (1.60)

ba thuc trong dau ngodac don dugc goi la da thirc ddc trung (characteristic
polynomial) cua h¢ thong.

Néi chung, da thirc nay c6 N nghiém, ky hi¢u la . . . co gia tri thyc
hoac phuec. Neu cac hé sb ay, ap,..., ay co gia tri thuc, thudng gip trong thuc té, cac
nghiém phirc néu c6 s& 1a cac cap lién hop phtrc. Trong N nghiém cling co thé co
mot s6 nghiém kép (mutiple-order roots).

a.1/ Truwong hop, tit cd cdc nghiém la phan biét, khong co nghiém kép, thi
nghiém tong quat ctia phuong trinh sai phan thuan nhat 1a :

o) = Al + AR+ ..+ AN :_. (1.61)

O day, A1, A, ..., Ay 1a cic hing sb tuy dinh. Cac hang sé nay duoc xac dinh
dua vao cac diéu kién dau cua hé thong.

a.2/ Truwong hop co nghiém bgi, gia sw da thwrc dac trung co nghiém bgi bdc
m tai [Jfni ta co:
Yo(n) = AR + (Ao + Agin + Ag + .. +A2(m-1)nm-1).2 + ..+ AV

Vi du : Xac dinh dap ung véi tin hiéu vao x(n) = 0 ciia mot hé théng duoc mo ta
bd1 pt bac 2 nhu sau:

y(n) - 3y(n-1) - 4y(n-2) =0 (1.62)
Giai:
Ta biét nghiém cua pt(1.62) c6 dang: yon) = . thay vao pt(1.62), ta thu dugc:

H-:l-lF-0 hy IF@E-Els-=0
va phuong trinh dac tinh la: (. - 3.— 4)=0

Ta c6 2 nghi¢m .: -1 va .= 4, nghiém cua phuong trinh thuan nhét co
dang tong quat la:

Yo(n) = Al + A MM = A(-1)" + A(4)° (1.63)

Pép ciia hé thong vai tin hidu vao bang 0 c6 thé thu dugc bang cach tinh gi tri
cac hang s6 C; va C, dua vao cac djéu kién dau. Cac di€u kién dﬁlu duoc cho thuong
1a gia tri cua dap Ung ¢ cac thoi diém n=-1; n = -2;...; n = -N. O day, ta c6 N=2, va
cac diéu kién dau dugc cho 1a y(- 1) va y(-2). Tt pt(1.62) ta thu duoc:
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y(0) = 3y(-1) +4y(-2)
y(1) = 3y(0) - 4y(-1) = 13y(-1) + 12y(-2)
Mit khac, tur pt(1.63) ta co:

y(0) =A; +A;
y1)=-A:+4A;
Suy ra: A+ A, = 3y(-1) +4y(-2)

-A;+4 A, =13y(-1) + 12y(-2)
Giai hé 2 phuong trinh trén ta dugc:
A1 = (-1/5)y(-1) + (4/5)y(-2)
A, = (16/5)y(-1) + (16/5)y(-2)
Viy dap tng cua hé thong khi tin hiéu vao bang 0 la:

{f(gi): [((-1/5)y(-1) + (45)y(-21(-1)" + [(16/5)y(-1) + (16/5)y(-2)](4)"

Gia s, y(-2)=0 va y(-1)=5, thi A;=-1 va A, =16. Ta duoc:
Vo) = (1™ + @™, veinllo

b./ Buwéc 2: Nghiém riéng cia phwong trinh sai phan

Tuong tu nhu cich tim nghiém cta phuong trinh thuin nhat, dé tim nghiém
riéng cua phuong trinh sai phan khi tin hi€u vao x(n)., ta doan ring nghiém cua
phuong trinh c6 mot dang nao do, va thé vao PT-SP-TT-HSH di cho dé tim mét
nghiém riéng, ky hiéu y,(n). Ta thay cach 1am nay c6 v& md mim!. Néu tin hiéu vao
x(n) dugc cho bit dau tir thoi didm n [ (nghia 18 x(n)=0 khi n<0), thi dang cua
nghiém riéng thuong dugce chon la: yp(n) co6 dang cia x(n) tur diéu kién dau

Vidu:

Tim dap ung y(n), vin > 0, ctia hé thong duge mé ta bai pt bac hai nhu sau:

y(n) - 3y(n-1) - 4y(n-2) = x(n) + 2x(n-1) (1.67)

tin hiéu vao 1a: x(n) = 4"u(n). Hay xac dinh nghiém riéng cta pt(1.67).
Giai:

Trong vi du 1.13, ta dd xac dinh nghiém cua phuong trinh sai phan thuan nhat
cho h¢ thong nay, do 1a pt(1.63), ta viét lai:

Yo(n) = Au(-1)" + A,(4)" (1.68)
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Nghiém riéng cua pt(1.63) duoc gia thiét c6 dang ham mi: yp(n) = K(4) u(n) .
Tuy nhién chung ta thidy dang nghiém nay di duoc chta trong nghiém thuan nhat
(1.68). Vi vdy, nghiém riéng nay la thira (thé vao pt(1. .67) ta khong xac dinh dugc
K). Ta chon mét dang nghiém riéng khac doc lap tuyén tinh voi cac s6 hang chua
trong nghiém thudn nhat. Trong truong hop ndy, ta xir 1y gidng nhu truong hop co
nghiém kép trong phuong trinh dac tinh. Nghia Ia ta phai gia thiét nghiém riéng c6
dang: yp(n) = Kn(4)"u(n). The vao pt(1.67):

Kn(4)"u(n) - 3K(n-1)(4)""u(n-1) - 4 K(n-2)(4)"*u(n-2) = (4)"u(n) + 2(4)"*u(n-1)bé
xac dinh K, ta uéc luong phuong trinh nady véi moi n > 2, nghia 1a véi nhitng gia tri
cua n sao cho ham nhdy bac don vi trong phuong trinh trén khong bi triét tiéu. Be
don gian v€ mat toan hoc, ta chon n =2 va tinh dugc K = 6/5. Vay:

yp(n) = (6/5)n(4)"u(n) (1.69)
c¢./ Bude 3: Nghiém tong quat ciia phwong trinh sai phan:

Tinh chétq tuyén tinh cta LCCDE cho phép ta cong nghiém thuan nhat va
nghiém riéng dé thu dugc nghiém tong quat. Ta c6 nghiém tong quat la:

y(n) =yo (n) +yp (n) (1.70)

Vi nghiém thuan nhat yo(n) chira mot tap cac hang s6 bat dinh {Ai}, nén
nghiém tong quat ciing chira cac hang s6 bat dinh nay, dé xac dinh cac hang sO nay,
ta phai c6 mot tap cac cheu kién dau twong tng cia hé thong. Chi y rang yo(n) va
Yp(n) phai la doc 14p tuyén tinh vé1 nhau.

Vidu: Tim dap wng y(n), véi n -), ciia h¢ thong dwoc mé ta béi LCCDE bic
hai trong vi du 1.14 véi diéu kién dau 1a y(-1) = y(-2) = 0.
Gidi:

Trong vi du 1.13 ta da tim d}IQC nghiém thuan nhét, trong vi du 1.14 ta da tim
duoc nghiém riéng. Vay nghiém tong quat cua pt(1.67) la:

y(n) = yo(n) +ye(n) = As(-1)n + Ay(4)n + (6/5)n(4)", véi n>0 (1.71)
v6i cac diéu kién dau 1a cac gia tri y(-1) = y(-2) = 0, twong ty nhu trong vi du 1.13,
ta tinh y(0) va y(1) tir cac pt(1.67) va (1.71) va thanh 1ap dugc hé phan trinh:

Al+A,=1
-A+4A,+24/5=9
suy ra: A =-1/25va A, = 26/25.

Cubi cung ta thu duoc dap tng y(n) cua hé thong véi cac diéu kién dau bang 0,
v6i tin hiéu vao 1a x(n) = (4)nu(n) co6 dang:

y(n}:—i(—lj" +%(4)” +§n(4)” ., ¥3inz0 (1.7

Vi du 2: Mot hé théng dugc mo ta boi phuong trinh sau:
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y(n) = 3/4y(n-1) —1/8y(n-2) + x(n) — x(n-1)
a) Tim dap tng ra cia hé théng vai kich thich 13 : x(n) = (1/2)", y(-1) =y(-2)=0.
b) Tim dap ung xung h(n) cta hé thong.
Giai:
a) Ta biét nghiém cua pt thuan nhét c6 dang: yo(n) = . thay vao ta thu dugc:

- +-vsF=0 rey IFAR-348 18 =0
va phuong trinh dac trung la: (. - 3/4.+ 1/8) =0

Ta c6 2 nghiém .: 1/2 va .= 1/4, nghiém cia phuong trinh thuan nhét co
dang tong quat la:

yo(n) = A + A = A (172)" + Ay (/8"

Do x(n) = (1/2)" ¢6 dang gibng nhu mét nghiém cua pt thuan nhat, vi vy ta phai
chon yy(n) c6 dang sao cho doc 14p tuyén tinh v61 x(n).

Chon yp(n) ¢ dang: y,(n) = B.n(1/2)". Thay vao pt ta co:

B.n(1/2)" = %.B.(n-2).(1/2)"* — 1/8B(n-2)(1/2)"* + (1/2)" — (1/2)"*
Chia 2 vé cho (1/2)" : B.n = 3/2.B.(n-1) — 1/2B.(n-2) -1
Giai ra ta c6: B = - 2, Vay nghi¢ém cua phuong trinh 1a:

y(n) = yo(n) + yp(n) = Ay(1/2)" + Ay(1/4)" -2.n.(1/2)"
Dua vao diéu kién dau ta c6 thé xac dinh Aq, A,:

b) véi x(n) = ) thi y(n) = h(n)
Khin=0thi ys(n) = 0 do d6 h(n) = yo(n) = A1(1/2) + Ay(1/4)"
y(-1) = Ay (1/2) + Ay(1/4)t — 2.(-1).(1/2)
v(-2) = A(1/2)% + Ay(1/4)2 — 2.(-2).(1/2)
y(0) = 3/4y(-1) — 1/8y(-2) + x(0) - x(-1) = 1 ( Do x(0)= D) =1, y(-1)=y(-2)=0)
y(1) = 3/4y(0) — 1/8y(-1) + x(1) - X(0) = % -1 = -1/4
Mat khac, tur pt(1.63) ta co6:
yO) =A;+A,=1
y(1) = 1/2A  + 1/4A , = -1/4
Suy ra: Ai=-2,A,=3
h(n) = yo(n) = -2.(1/2)" + 3(1/2)>" ,voin o

5. HE THONG ROI RAC PE QUI (RECURSIVE) VA KHONG PE QUI
(NONRECURSIVE)
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5.1. Hé thong roi rac khong dé qui (Hé c6 dap &ng xung cé chiéu dai hiru han
FIR)

Mot hé thong ma dép tmg y(n) chi phy thudc vao kich thich ¢ thoi diém hién
hanh va & cac thoi qua khir 1a mdt hé thong khong dé qui.
Ta thdy mot hé thong khong dé qui duoc biéu dién boi mot PT-SP-TT-HSH co bac
N =0, d6 la:

A
yin)= Db, x(n - k)
i (1.81)
(He sb ap, da duoc dua vao cac hé sb b, , béng cach chia 2 vé cho a ).

Pap tng xung ciia hé thong la:

bn v 0= n=i

M
Ez(n]l=z_b,5(m—k]l = (1.82)
r=0 0 cdcndl khac

Ta thay diy 1a mot hé thdng LTI c6 dap ung xung dai hitu han (Finite duration
Impulse Response system -FIR) va nhan qua.

Hé théng FIR (Hé thdng vOi dap ung xung co chiéu dai httu han) la mot hé
théng ma dap ng xung cua no tén tai mot sd hiru han cac mau khéc 0.

Ta thiy, hé théng FIR luén ludn 6n dinh néu tit ca cac miu trong dap tng xung
cuia no c6 do 1on hiru han.
Vi du: Tim dap kung xung cua h¢é dugc mo ta boi pt sau:
y(n) = x(n) + 4x(n-1) + 5x(n-2) — x(n-3)
tir pt ta thdy: bo= 1, by=4, b,=5, bs=-1
Suy ra h(n)=5(n) + 43(n-1) + 53(n-2) —3(n-3) va hé thdng nay luén 6n dinh.
5.2. Hé thong roi rac dé qui (Hé c6 dap ing xung c6 chiéu dai voé han IIR)
Pinh nghia: Hé thong duoc biéu dién bsi phuong trinh SP-TT-HSH bac N>0 duoc
goi 1a hé dé qui. PBap ing ctuia hé thé)ng phu thudc vao kich thich & thoi diém hién tai
va qua khtr va ca dap ung ¢ thoi diém qua khu.

y(n)‘x(nl)‘y(nl) voi a, 1l
hay y(n)‘(nl)'y(nl) voi 2,1

Nhan xét:

- Do ay, b, 1a cac hé sb do d6 hé théng dé qui phu thudc vao ca ay, l1an by,
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- V61 x(n)= 6(n) thi y(n) = h(n) La dap tng xXung cua hé dé qu1 Ta thay rang h(n)
ctia hé dé qui co chiéu dai vo han. Vay hé thong dé qui 1a hé thong co dap ng xung
c6 chiéu dai vo han (Infinite duration Impulse Response system IIR)

Vi du: Tim dap Grng xung va xét su 6n dinh cta hé théng sau:
y(n) - ay(n-1) = x(n) ; y(n)=0 v6i n<0.

v6i tin hiéu vao 13 x(n) =5 (n), v6i a 1 hing sd
Ta tinh h(n) v6i n > 0, bat ddu véin = 0:

h(0) =a.h(-1) + & (0) = 1

h(l)=a.h(0) +8(1)=a

h(2) =a.h(1) + 5 (2) = a°

h(3)=a.h(2) + 5 (3)=a°

Tir cac két qua trén ta ¢ thé tong quat hoa thanh cong thirc tinh h(n)
h(n) = a"u(n)

Xét su on dinh cua hé:

|

- Néu [a]<I thi S hoi tu: S= 1/(1-[a]) hé 6n dinh.
- Néu [a]>] S phan ki hé nay khong 6n dinh

Chu y: - Vi hé FIR thi ta c6 thé tim ngay dap Gmg xung dya vao cac hé sb b,, con
doi voi hé IIR ta khong lam dugc nhu vay.

- V6i hé IIR nhén qua ta c¢6 thé tim dap tng xung bang cach dé qui nhu vi du
trén hodc tim nghiém tong quat cua PT-SP-TT-HSH cua no.

Ta biét y(n) = yo(n) + Yp(n) v61 yp(n) dugce xac dinh tir diéu kién dau vao di cho

Khi x(n)= 0 (n) nghia la kich thich chi 1a mét xung tai n=0 con véi n>0 thi x(n)=0
do vay yp(n) = 0 v61 n>0 vay:

Khi x(n)= 6 (n) th i y(n)=ye(n) = h(n):

Vi vay ta c6: h(n)=yq(n) :_. trong do ax la cac nghiém don cua phuong trinh

-

Con cac hé so Ax duogc xac dinh tir cac diéu kién dau.
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Sy 6n dinh cua hé IIR nhan qua:

1 &
-
Suy ra S*J- *J-n do _| 1a hing s6 nén néu IR thi

"l va S<wo . vay voi [lJl v6i moi k thi hé TIR s& 6n dinh.

n

Tir day ta c6 thé phat biéu didu kién on dinh cia hé IIR nhu sau: Diéu kién can va du
cho hé thong IIR nhan qua dugc béu dién bdi pt sai phan TT-HSH 6n dinh 1a gia tri
tuyét doi cua tat ca cdc nghiém ctuia phuong trinh dac trung oy phai nhé h on mot.

Vi du: Tim h(n) va xét sy 6n dinh cua hé théng duoc cho bowir pt sau:
y(n) — 3y(n-1) + 2y(n-2) = x(n) + 2x(n-1)

v6i diu kién dau: y(n) = 0 voi n<0.

Giai:

Ta ¢6 phuong trinh dac trung:

Vay ta ¢6 yo(n)= A1.1" + A,.2" = h(n)
Str dung diéu kién dau y(n)=0, n<0 va x(n)= d(n) ta cé:
n=0thi:y(0)=1
n=1thiy(l)=5
Mait khac taco y(0) = A; + A, =1
y(1) = A1 +2A;=5
Giai ra ta duoc: A;=-3; A, =4
Vay ta c6 h(n) = -3 + 4.2" = 2"? — 3 v&in >0 hay ta c6 thé viét:
h(n) = (2" - 3)u(n)
5.3. Thuc hién hé FIR va IIR
Hé¢ FIR:
Poi voi hé thong FIR khong dé qui, véi phuong trinh sai phan biéu dién hé thong 1a:
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M
y(my=>b,x(m-r)

r=t (2.93)
Ta c6 so dd nhu sau:
B et e i
IJ::; bl hi bul bu
: ~ " | o
E —=

Enhll4 H théng FIR, khéng d& qui

Trong thuc té, dbi voi cac mach dé qui, it khi nguoi ta thyc hién cd mdt so dd
c6 bac N > 2, vi khi d6 mach dé mat tinh on dinh do sai sd. Mat khéc, thiét ké cac
khau bac 2 c¢6 phan thuan loi hon. Vi vy, nguoi ta chia h¢ théng ra thanh nhiéu
mach con ¢ bac 16n nhat 1a 2 mac lién tiép hodc song song véi nhau.

Hé IIR

Pt ctia hé IIR duoc viét lai dudi dang cong thic truy hoi:

" M
v =2a,vin-lky+ > b xin-k)
= = (2.91)

So @b khéi hinh 2.11 biéu dién bang hinh anh cua pt(2.91)
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Chuong 11

BIEU DIEN TiN HIEU ‘
VA HE THONG ROI RAC TRONG MIEN Z

Mo dau

Chuong 1 da trinh bay cach tinh dap Gmg cua mot hé théng truc tiép tir dap ung
Xung cua no, bang cach tinh téng chép cua kich thich v6i dap ung xung. Cach tinh
tong chap truc tiép dua vao cong thirc dinh nghfa nhu dé lam ton rat nhiéu thoi gian
va cong strc. Hon ntra , trong thuc té s6 mau khac khong cua kich thich va dap ing
Xung 1 rat nhiéu nén ta khong thé ‘tinh bang tay’. Tuy nhién, phuong phap tinh tong
chap bang dd thi nhu d3 trinh bay cho ta mot thuét toan cua chuong trinh tinh tong
chap bang may tinh. Viéc giai phuong trinh sai phan tuyén tinh hé s6 hing bang
phuong phéap d¢ qui cling chi c6 ¥ nghia khi st dung may tinh.

K¥ thuat bién ddi 14 mot cong cu hitu hiéu dé phan tich hé thong LTL. Bién doi
Z dbi véi tin hiéu roi rac c6 vai tro tuong tu nhu bién d6i Laplace d6i voi tin hiéu
lién tyc, va ching c6 quan hé glong nhau véi bién d6i Fourier. Tong chép cua hai
day trong mién thoi gian s& bién thanh tich cua hai bién d6i Z twong ng trong mién
bién phtrc z. Tinh chét nay s& lam don gian hoa viéc tinh dap ng cua hé théng véi
cac tin hi¢u vao khac nhau. Phuong trinh sai phan tuyen tinh hé sb hang ciing duoc
giai mot cach dé dang hon khi dung coéng cu bién doi Z.

Nhu ta s€ théy trong cac chuong sau, bién doi Fourier giira vai tro chia khoa
trong trong viéc biéu dién va phan tich cac h¢ théng roi rac. ‘Tuy nhién, trong mot sb
trudng hop can phai sir dung dang tong quat hoa cua bién d6i Fourier, d6 1a bién d6i

Z.
1. Bién d6iz
1.1 Bién d6i Z truc tiép
Dinh nghia: Bién d6i Z cua tin hiéu rdi rac x(n) dugc dinh nghia nhu sau:

X (2) ‘n).z. (2.1)

Trong d6 z 1 bién phtc va duge biéu dién nhu sau :

X(z) = ZT[x(n)]

Do chudi bién d6i 13 v6 han nén chi ton tai mot so gia trj cua Z dé X(z) hoi
tu. Tap hop céc gia tri cia z dé X(z) hoi tu goi la mién hoi tu cua X(z) ki hi€u
la ROC[ X(2) ]

VD1: Xac dinh bién ddi z cua tin hiéu roi rac sau:

a/ x(n) ={1,2,5,7,0,1 }

b/ x(n) = &(n)

c/ x(n) = d(n - k), k>0
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d/ x(n) = 6(n + k), k>0

Nhu vay véi tin hiéu hitw han thi ROC 1a toan bd mit phang z va c6 thé trir
caicgiatriz=0vaz= o

VD2: Xac dinh bién ddi z caa céc tin hiéu roi rac sau:

x(n) ‘Iu(n)
Suy ra x(n) 1%"'

Ap dung cong thic 3.1 ta co:

ol ]

X(z) hoi tu khi tzlr khi d6 ta co: X (2) oo
Vay ROC [X()] : [ Il—

1
g
. Mét,phzllng z

Do z 14 bién phirc nén: z = Re[z] + j Im[z], mit phang z dugc tao boi truc tung
Im[z] va truc hoanh Re[z]

A1m[z]
%
K/ Re[Z]

Chii y: z la bién phirc nén ta cé thé biéu dién nhir sau:
0
z=re

X (re ' ‘n).r.e.., Néu r =1 thi X(e'® ‘n).e.. c6 nghia la phép

bién doi z ldy trén vong tron don vi sé tro thanh bién doi Fourier trén mién tdn
SO.
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B Ap dung tiéu chudn Cauchy dé xac dinh mién hoi tu cua bién dbi z.

- Tiéu chuan Cauchy: Mot chudi c6 dang -n) o Iko .. hoi tu néu diéu

1
kién sau thoa man: IW(n)ﬁ B
- Ap dung vé6i bién ddi z ta co: X(2) ‘n).z. ‘n)z. *n)zl

bat X(z) = X1(z) + X»(2)
Trong do: X(z2) =-n)z.

Xo(z) = -n)z.

Ap dung tiéu chuan Cauchy cho X;(z) ta co:
1 1
lim|x(n) 28| l-n|x(n)|% zl\l-lim|x(n)|% dat Ry =limx(n)[» vay:
nll nl nil ni

Véi |2/ [lR® thi Xy(2) hoi tu. Tac 1d mién hoi tu cia Xy(z) ndm ngoa vong tron

ban kinh R' tAm gbc toa do trén mit phang z. Pay ciing 13 mién hoi ty cta diy
nhan qua c6 chiéu dai vo han.
Ap dung tiéu chuan Cauchy véi Xy(z). tuong tu nhu voi Xy(z) ta cling ¢ mién

l 1
hoi tu ctia Xo(2) 13: |2/ lR® trong d6 : R,"=limx(l)|» , nghia 1a mién hoi tu ctia
nil

X,(z) 13 mién nim trong dudng tron ban kinh R, tdm gbc toa dootrén mit
phing z, day cling 1a mién hoi tu ctia diy phan nhan qua c6 chiéu dai vo han.
Két luan vy mién hoi tu cta X(z) 1a: X1(z2)NX(2).

VD 3: Xac dinh bién dbi z cua tin hiéu x(n) = a"u(n)

ol uifo-* s ol g,
néu ‘az.‘. hay | ‘|
Vay X(Z)!i. , ROC [X(2)] : |z| .a| (3)

VD4: Xac dinh bién dbi z cua tin hiéu x(n) = - a"u(-n-1)

A o bl
: I i n'.Z .
conifirlumg, mp s ug,

voi o5/l hay |7/l
Vay X(Z)!ﬁ' ,ROC [X@)] : |2/ I (4)
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Tir (3) va (4) ta thdy: Hai tin hiéu khac nhau c6 cung bién (jéi z nhung ROC
khac nhau. Do do6, tin hi¢u ro1 rac x(n) xac dinh duy nhat bang bién déi z va
ROC cua no.

1.2 Céc tinh chat ctia bién d6i z.
a. Tinh chét tuyén tinh
Néu :
X1(2) = ZT[x1(n)], ROC[X4(2)]
X2(2) = ZT[x2(n)], ROC[X,(2)] o
X3(n) = axy(n) + bx,(n) trong d6 a, b 1a cac hang so thi:
ZT[x3(n)] = X3(z) = a.X4(z) + b.X5(2) ,
ROC[X3(z)] = ROC[X1(z)] N ROC[X2(2)]
Vi du : x¢(n) = 2"u(n), xo(n) = 3"u(n)
b. Tinh chat dich thoi gian
Néu :
X(z) = ZT[x(n)], ROC[X(2)]
thi ZT [x(n-K)] = 2*X(2)
Mién héi tu:
+ Néu k >0 thi ROC: 1a ROC[X(2)]/0
+ Néu k<0 thi ROC 1a ROC[X(z)]/w0
c. Pinh li gi tri dau
Bién doi z ctia diy nhin qua x(n) dugc dinh nghia nhu sau

X (2) *n).z. Eo Ry "HEKH "N

Khi z—o0 thi lim X(z) — x(0)
Vi du: Hay cac dinh gia tri dau cta day sau:

X(z).Z—Z' ,ROC: |71
x(0) = Iimj.

d. Tich chap trén mién z.

Néu :

X1(z) = ZT[xa(n)], ROC[X4(2)]

Xa2(z) = ZT[xz(n)], ROC[X>(2)]

X3(n) = x1(n) * X»(n) thi:

ZT[x3(n)] = X3(z) = X1(2).X2(2) , . 7
ROC[X3(2)] = ROC[X1(z)] N ROC[Xx(z)], Mién hoi tu ctia Xa(z) co thé
rong hon mién hoi tu ctia X1(z) va X,(2).

Vi du : x3(n) = 2"u(n), x(n) = 3"u(n)
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e. Nhan v6i ham ma
Gid st c6 diy x(n) ¢6 ZT[x(n)] =X(z), ROC : R, /IR, thi day :

y(o) = ax(n) 6 ZTly(o0) = V(@) = [l " |
ROC : |aR, Il IR,

Vi du: cho day x(n) = 2"u(n) xac dinh X(z), ROC.
Trudc tién ta tim bién d6i z cua day u(n):

u() ‘n)z. *l)n !il' véi ROC: |28 I hay |z| Il
A 1 1 .

Vay X 51 ROC: |Z| .2

ay (Z)‘Ehlq—[lz vol zZ/ 2

1.3 Bién d6i z hitu ty.

Gid su X(z) 1a ham hiru ty: X(z) .;(Z) :
(2) N |

a. Ca}c khai ni¢m cuc va khong.

+ Diém cuc cua X(z) la cac gia tri z tai d6 X(z) = oo, ki hi¢u l1a z¢, khi do
D(ch) = O ,

+ Di€ém khong cua X(z) 1a cac di€m tai do X(z) = 0, ki hi€u 1a z,, khi do
N(Zor) =0

b. Biéu dién X(z) dudi dang cuc va khong

Gia su N(z) 1a da thirc bac M cua z khi do:

N(z) = bm(z- Zo1) (z- Zo2) (2 Z03).--- (2~ Zom)=D,, or)
Gia st D(z) 1a da thirc bac N cua z khi do:

D(2) = an(z- 20) (2= 26) (- 2e).... (- 2=, [ )

Khi d6 X(z) dugc viét lai nhu sau:

-or)
M hay ta c6 thé viét du6i dang ham cua z™* nhu sau:

_ck)




Véi ¢ = bylay X(z) co6 M diém khong va N diém cuc. Dé biéu dién trén
dd thi cac diém cuc duoc danh diu bé‘mg (x) va cac diém khong dugc
danh du bang (o)

Vi du: Xéac dinh bién doi z cua tin hiéu dugc cho boi gian dd cuc va
khong nhu sau:

V¢ hinh

2. Bién d6i z nguoc

2.1 Dinh 1i Cauchy

Dinh li Cauchy 1a mét dinh li quan trong trong li thuyét bién sé phtrc, n6 1a
co s& dé ching ta xay dung cong thirc cua bién d6i z nguoc.

Dinh li Cauchy duoc phat biéu nhu sau:

C e -

Trong d6 C la mdt dudng cong kin bat ki.
2.2 Bién dobi1 z nguoc

Tu biéu thac X (2) ‘n).z. ta co:

X (z)z'8 ‘n).zk.. lay tich phan trén mién hdi tu ROC ciia né ta c6 :

!X(z)z".dz l! -n).z".ldz ‘n) !z"..dz
R R n n R

Ap dung dinh li Cauchy ta co:
i!X(z)zk.dz ‘n) voéik=n

Hay i! X (2)2Bdz ‘k) B

vay: x(k) L X (2)z'Bdz hodc ta c6 thé viét:
Yy

x(K) .i! X(2)2'Bdz (2.2)
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Biéu thtrc (2.2) duoc goi 1a biéu thire cia bién ddi Z nguoc ( IZT — Invert Z

Transform).

Tt biéu thirc (2.2) trong thuc té ¢6 nhiéu phuong phap tim bién doi z ngugc
thuan tién hon thyc hién biéu thirc (2.2).

2.3 Cac phuong phap tim bién d6i z nguoc

a./ Phuong phap thang du ( Giao trinh )

Noi dung cta phuong phép 1a dung li thuyét thing du dé thuc hién biéu

thuc (2.2).

b./ Phuong phép khai trién thanh chudi luy thira.

Do X(z) 12 ham ctia mot chudi luy thira vi vay trén mién hoi tu cua né ta cé
thé khai trién X(z) du6i dang:

X(2) ‘z. ma theo dinh nghia cta bién d6i z ta co: X (z) ‘n)z.

Do vay x(n) = ap v&i -0 <n < o

C6 nghia 1a cac hé s6 cna z" chinh 13 cac gia tri cua x(n).

VD1: Hay xac dinh x(n) biét: X(z) =z +2 + 2.z7 +3.2% - 4.2"

Tt dinh nghia cua bién ddi z ta co: x(n) ={1,2,2,3,0,-4} hay ta c6 thé viét:

x(n) = 8(n+1) + 28(n) + 28(n-1) +338(n-2) - 46(n-4)

VD2: Cho X(z) .—Z[ hay xac dinh x(n) voi:
z

a. ROC[X(2)] 1a: |/
b. ROC[X(2)] I3: || Ik

a. DPay Ia tin hiéu nhan qua co6 chiéu dai vo han vay ta co:

X(2) .Z—Z[ %. ta thuc hién phép chia tir sé cho mau s ta s& c6:

X(2) =-)”z. suy ra: x(n) = (-2)"u(n)
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b. Pay 1a tin hiéu phan nhdn qua c6 chiu dai vo han. Ta co:

Z 1 o
X (z twong tu nhu trén ta
(2) .Z—[ .Z_Z.i gh

cudi cung ta co:

X(z) = ‘)”z. vay x(n) = -(-2)"u(-n-1)

Nhan xét: Tir vi du trén ta c6 néu X(z) c6 dang: X(2) .—.Z— thi ta c6 bién d6i
z ck

z nguoc IZT[X(2)]= x(n) = lz( Zc)k“)ul(ﬁ).) ||§|| =Ck

c./ Bién d6i z nguoc v6i X(z) 1a ham hitu ty.
Gia sir X(z) 1a ham hiru ty v&iap= 1

"
) gu "

X

(z) (z) 1*2.

Néu M >N thi ta c6 thé biéu dién X(z) nhu sau:

|
X (2) 8.1L ‘Z. *z. Dl((zz)) da thitc _z. d3 dang xéc dinh

duoc bién do6i z nguoc ctia n6d nho tinh chét dich tré thoi gian.
Con da thue Ny(z)/D(z) 1a da thuc c6 bac cuia D(z) 16n hon béc ctia N4(z).
Bay gio ta xét truong hgp M<N.
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[ |
X (2) 8 .L , M<N va ay # 0 ta sé& khai trién da thirc nay thanh cac
1*2.

phan thirc ti gian.
- Néu X(z) chi co6 cac cuc don thi ta co:

X (2) 8 w trong do6 ze la céc cuc cua X(z), Ax dugc xac dinh nhu
ck

sau: A, .Zlck)EEZ; ™

- Néu X(z) ¢6 1 cuc boi, gia st cuc boi bac s 1a z¢ cac cuc con lai lka cac cuc
don thi ta co:

A
X
<Z>*m J

lc,-)j trong do :
N(2) . N(2)
A . lck) D(z) |Z.ck  Cj )'_._IZICI) D(Z)I

- Néu X(z) co nhiéu hon m@t cuc boi thi ta lam tuong nhu trén.
Sau khi khai trién xong X(z) ta s tim IZT[X(z)] ctia cac phan thirc to1 gidn boi
cac cong thirc sau:

1ZT I—i—bzck)”u(n) (day nhan qua)
ck

ra) Ilrrzck)"'u(n )
ck

Tong quat ta co: IZT I—.Z o F(n B (n.n.) 2"®y(n) v6i ddy nhan qua.
ck

C

phan nhan qua.

Vidu 1: Cho X(Z).zfzﬁ

Hay xac dinh x(n)

Vi du 2: Cho X(Z)W

Hay xac diinh x(n)
3 Phan tich hé thong ro1 rac trén mién z
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Chiing ta da biét trén mién n mot HT-TT-BB dwoc ddc trung boi dap iing
xung hodc phirong trinh sai phdn tuyén tinh hé sé6 hang. Nhung viéc phén tich
hé thong nhiéu khi gdp phdi su khé khan cia viéc tinh tich chdp, gai PT-SP....
Trong phdn truée ching ta dd biéu dién tin hiéu sang mién bién sé z, bdy gio
ta sé phan tich hé TT-BB trén mién z, trudc tién ta tim hiéu khdai niém ham
truyén dat ciia hé thong.

3.3 Ham truyén dat cua hé thong TT-BB

Mién n Mién z

y(n) = x(n)*h(n) >H<§Z§ = gﬁignﬁ Y(z) = ZT[y(n)]
_ Z)= n
= k-n).h(n | 9 e

h(n) = IZT[H(z2)] (2)

Nhu vdy ham truyén dat cua hé théng TT-BB chinh 13 bién d6i z cua dap
mg xung cta nd. Ham truyén dat duoc ki hiéu 12 H(z) vaand ciing dic trung
hoan toan cho hé théng trén mién z.

3.4 Ham truyén dat cua hé duoc mo ta boé1 PT — SP — TT —HSH
Quan hé gitra dau vao va dau ra cia mot HT — TT — BB dugc mo ta boi PT sau:

_y(n B ‘(n B 1éy bién ddi Z 2 vé ta co:
-_y(n N & ‘-x(nl) I

Ap dung tinh chat tré va tuyén tinh ta co:

_.n TN ‘-n e,
Suy ra: _Z. .n .)Z.n.) ‘Z. -n .)Z.n.)
_z..Y(z) ‘..X(z)

Néu a, = 1 thi ta co:

N
R
1*2.
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Chii y: Ta ciing cé thé biéu dién H(z) dwdi dang ham ciia z%, hodc cdc cuwc va
khong cua no.

3.5 Giai phuong trinh sai phan TT — HSH str dung bién doi z

Pé giai PT — SP — TT — HSH ta tim hiéu khai niém bién dbi z don hudng.

a. Bién d6i z don hudng

Bién ddi z don huong dugc dinh nghia nhu sau:

X.(z) *n)z.

Cac tinh chat cua bién d6i z don hudng ciing giéng nhu tinh chat cua bién
doi z tru tich chat dich thoi gian nhu sau:
Néu ZT" [x(n) ] = XL) thi

2T x(n-k)] = 2 @ n )anvérik>0

ZT" [x(n+k)] = zkl'(z) *n)zllvc’ri k<0

b. Giai phuong trinh sai phan:

Vidu: Giai cac phuong trinh sau:

1) y(n) — 3y(n-1) +2y(n-2) = x(n) v6i x(n) = 3™?, y(-2) = -4/9, y(-1) =-1/3
2) y(n) = ay(n-1) + x(n) v&i x(n) = u(n), y(-1) = 1
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3.6  Phan tich hé théng TT — BB trén mién z.
Céc phan tir thyc hién hé thong trén mién z ciing giéng nhu trén mién n, chi
khac ki hiéu cta phan tir tré ta thay D = 2™
a. Nguyén tic phan tich hé thong
- Phan tich hé tong quat thanh cac hé nho hon ( cac khdi nho hon )
- Tim mdi quan hé giita cac khéi nho hon nay.
- Xé4c dinh ham truyén dat Hi(z) cua cac khdi nho.
- Tong hop ham truyen dat tir cach phan tich ¢ trén.
b. Mot s6 quy tac blen d01 SO do khéi
- Hé gdm cac khbi mac ndi tiép
V& hinh

H(z) = Hy(2).H2(2)...H(2)

Vay hé gom cac khoi mic nbi tlep s€ twong duong voi hé théng c6 ham
truyén dat 13 tich ctia cac ham truyén dat thanh phan.

- Hé gém cac khdi mic song song.

V¢€ hinh

H(z) = Hi(z) + Ha(z) + ...+ Hy(2)

Vay hé thong gdm céc khdi mic song song voi nhau s& twong duong voi

hé théng c6 ham truyén dat 13 tong cua cac ham truyén dat thanh phan.

- Heé ¢6 hoi tiép

c. Su On dinh cua hé théng TT — BB

Po6i voi mot hé thong tuyén tinh bat bién, néu tin hiéu & dau vao khéng
c6 nhung & dau ra cua hé théng van xuat hién tin hiéu thi hé théng do la hé
thong khong 6n dinh.

Trong chuong truée ching ta dd xét do on dinh cua hé thong TT-BB né
duoc dic trung bdi cac tinh chit cua dap ung xung h(n) cta nd, cu thé: Mot hé
théng TT —BB 12 6n dinh néu diéu kién sau day thoa min:

s ‘n)l ]

Trong mién z thi ta co:
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H(2) ‘)z. voi mién hoi tu ciia no: REJE HR®
n

So sanh véi diéu kién hoi ty trén mién n thi ta thiy dé diéu kién 6n dinh
trén mién n thoa mén thi H(z) phai hoi tu voi 7| [l nghia 13 no hoi tu trén vong
tron don vi ctia mat phang z, vi thé mién hoi tu ctia H(z) phai chira vong tron
don vi.

Viy ta c6 thé phat biéu diéu kién 6n dinh cua mot HT — TT —BB trén
mién z nhu sau: Mot hé théng TT —-BB la 6n dinh khi va chiikhi vong tron don
vi cia mat phéng Z nim trong mién hoi tu ciia ham truyén dat cua hé théng.

c¢2. Sy on dinh cta hé thong nhan qua

Trong thuc té chung ta chi gip cac hé théng nhan qua 6n dinh, vi vay ta
s& xét sy On dinh cta cac hé théng nay.

Do ham truyén dat ctia hé théng nhan qua dugc viét nhu sau:

H(z) *n)zl ROC || BRE trong d6 Rh..imww (T/c Cauchy)

Tu day ta c6 mot sb nhan xét sau :
- Mot hé théng 1a nhan qua néu mién hodi tu cia ham truyén dat nim ngoai
vong tron duong kinh R,
- Pbi v6i HT —TT —-BB diéu kién nhan qua va on dinh 1a doc 1ap v&i nhau.
Nghia 14 hé théng 6n dinh chua chic di nhin qua va nguoc lai.
- Trong thuc té chung ta chi xét cac hé théng thuc hién dugc vé mat vat Iy do
1a cac hé thong 6n dinh va nhan qua.
- Vay diéu kién ¢ HT ~TT —BB nhan qua va 6n dinh 13 : Mién hdi tu cia ham
truyén dat H(z) ctia né phai thoa mén :
2/ HR®
RUE
R& rang mién hoi tu ctia H(z) khong chtra bat ¢t diém cuc zg nao do dé
ta ¢6 thé noi : Mot hé théng TT —BB nhéan qua va 6n dinh khi va chi khi tit ca
cac diém cyc cta ham truyén dat nim trong vong tron don vi.
Vidu 1:
HT — TT — BB duoc cho nhu sau :
y(n) = a.y(n-1) + x(n)
- Tim H(z), h(n)
- Xét sy on dinh cta hé nhan qua
Giai:
- LAy bién d6i z 2 vé cua pt ta co:
Y(z) =a.z'Y(2) + X(2)

Suy ra H(z) kY ((ZZ)) hiz
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H(z) c¢6 1 diém cuc 13 z. =a

Néu H(z) la ham truyén dat ctia h¢ nhan qua thi ta c6 ROC : |z| [l thi ta co:
h(n) = IZT[H(z)] = a"u(n)

Néu H(z) 1a ham truyén dat cua hé phan nhan qua thi ta ¢6 ROC : 7/l thi ta
co:

h(n) = IZT[H(z)] = -a"u(-n-1)

- Su On dinh cta hé nhan qua: Theo diéu kién cta hé nhan qua 6n dinh thi ta
phai c6 a< 1 thi hé nhan qua trén s& 6n dinh

Vidu 2:

Xét sy on dinh ctia HT nhan qua c6 ham truyén dat sau:

2
o]
22 I} %
Tim Cac zck, hé c6 z,1=1/2 + j1/2, 2,1=1/2- j1/2
Pay 1a 2 diém cuc niam trong vong tron don vi vdy HT nhan qua d4 cho 1a 6n
dinh.
¢3. Tiéu chuan July (Gido trinh )
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Chuong 3
BIEU DIEN TiN HIEU VA HE THONG ROI RAC TREN MIEN TAN SO
ROT RAC

M¢ dau

Trong cac chuong trude chung ta da tim hiéu tin hiéu va hé thong ro1 rac trén
mién n, Z, trén mién tan s6 chung ta da sir dung DTFT dé biéu dién tin hiéu
trén mién tan sb lién tuc. Trong chuong ndy ching ta s& tim hiéu phép bién d6i
Fourier rdi rac dé biéu dién tin hiéu trén mién tan s r0i rac k, voi cac chudi c6
chiéu dai hitu han, cach bicu dlen nay rat ¢ ich cho cdc may tinh s ciing nhu
cho viéc thuc hién phan cirng s6.

§1. Chudi Fourier rdi rac cta tin hiéu tuan hoan (DFS)

1. Dinh nghia

Goi xp(n) 1 diy tuan hoan cé chu ki 1a N: xp(n) =x,(n + N) chudi x,(n) co
thé duoc biéu dién béng mot chudi Fourier roi rac sau:

jg.k
X, (n) !%_p (ke N (3.1)

Trong d6 X,(k) 1a day tuan hoan chu ki N, bay gio ta di tim X,(k):

N , A L. lzfq-m .
Nhanca2vévdi e N  taco:

xp(n).elz'“q'm !%_ (K)e j q(kl)
Lay tong theo n tir: 0 dén N-1 ta co: -p(n).e
-pm) . * 0 B f(k‘) |

Nhan xét : -%-k‘) <l

kIl
Vay voi k=m thi ta co:

.
- (™" * (m) N * B,
Viy ta c6: X (m)* el
hodc ta co: X, (k) *p(n).e N (3.2)

Tu (3.1) va (3.2) ta co:
(3.1)va(3.2) taco DFS

Xp(N)e———X,(k)

., 2‘ «Hh
"
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2. Céc tinh chat cua chudi Fourier rdi rac
a. Tinh chét tuyén tinh:
DFS[ x1p(n) ] = X1p(K)
DFS[ x2p(n) ] = X2p(K)
X3p(N) = a.X1(n) + b.xz(n)
DFS[ x3p(n) ] = Xap(k) = a.Xyp(K) + b.Xzp(K)
b. Tinh chat tré
DFS[ x1p(n) ] = X1p(K)
X2p(N) = X1(N — No)
i

DFS[ X2p(n) ] = Xop(K) = €’ Nq.noxlp(k)

c. Tong chap tuin hoan

DFS[ x15(n) ] = X1p(K)

DFS[ X2p(n) 1 = X2p(K)

X3p(N) = X1(N)(*)x2(n)

DFS[ X3p(n) ] = Xap(K) = Xip(K).X2p(K)

§2. Bién dGi Fourier rdi rac cla tin hiéu khdng tuan hoan cé chiéu dai
hitu han.

1. Mbi quan hé giita ddy khong tuan hoan cé chiéu dai hitu han va diy tuan

hoan.

Gia st c6 mot day roi rac khong tudn hoan c¢6 chiéu dai hitu han 1a M: x(n)y

va mot ddy roi rac tuan hoan chu ki N: x,(n).

- Néu M =N thi diy x(n)y chinh 13 mét chu ki cta day Xp(n) ( V€ 2 tin hiéu

)

- Néu M < N thi ta thiy diy c6 chiéu dai hitu han x(n)y c6 thé 1a mot chu ki
ctia diy x,(n) bang cach khi chiing ta coi diy x(n) 1a day c6 chiéu dai 1a N bang
cach thén vao (N-M) mau co gia tri bang 0. Vi dy ( v& hinh)

Nhu vay tir mot diy khong tudn hoan c6 chiéu dai hiru han x(n)w ta co thé lap
1 day tuan hoan xp(n) c6 chu ki N>= M véi mdi chu ki ciia ddy tuan hoan x,(n)
s€ chinh la day x(n)m.
- Truong hop M > N ta khong thé lam duoc nhu vay.
Chl y:Pé nhan dugc diy x(n) c6 chiéu dai hitu han ching ta c6 thé str dung
mot day chir nhéat: recty(n):

X(Mwu = Xp(n).recty(n) = Ip(O”) ol INE

n  conlai
A DY N ~ , k 0
Trén mién k thi ta s& c6: X (k) [k o (k).recty (k) 1( p(() ) . K !\l |
conlai

Nhan xét: Chudi Fourier roi rac cta day tudn hoan dugc tinh trong moét chu ki
ro1 lay tuan hoan tr -oo dén +oo vois chuu ki 1a N. Vi vy ta c¢6 thé lay dinh
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nghia cta chudi Fourier rdi rac cta ddy tuan hoan lam dinh nghia cho chudi c6
chiéu dai hiru han nhung khéng dugc 13y tuan hoan, no chi xac dinh trong mién
gia tri cud nd, ngoai mién gia tri bang 0.

2. Dinh nghia
Ciap bién d6i Furier roi rac (Discrete Fourier Transform )cua diy c6 chiéu dai
httu han 1a N dugc dinh nghia nhu sau:

TE_P
X (k) n)e " 0 .< .\I .

conlai

0k
E_§

Mﬂt'mﬁ oliNE
0 n

conlai
TE_ ]
Pate N v, taco:

X (K) npw,  olkINE

0 k  conlai
[
on e R
0 n conlai

Ki hiéu : DFT[ x(n) ] = X(k)
IDFT[ X(k) ] = x(n)
X (k) I (k)™
X (k)| goi la pho bién do
Hl) coi 12 pho pha
Vi dy: Tim X(k) biét:
a. x(n) = o(n)
b. x(n) = rects(n)
a. Chon chiéu dai cua day 1a M, vay ta co:

X () mw, " olkiIME

conlai

0 k
. olkivE
(k) ,
k  conlai
c. Chon chiéu dai cua day laN =4
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X () wy, " olkIFE
0 k  conlai
X (k) 4 ° O l ‘
0 k conlai

Ey A .
w, I+ Il nén ta co:
X(0) =1+ () + ()’ + ()’ =0
Tuong tu voi X(1), X(2), X(3)
3. Céc tinh chét ctia DFT
a. Tinh chat tuyén tinh:
DFT[ x1(n) ] = Xa(k)
DFT[ x2(n) ] = Xa(k)
X3(n) = a.xy(n) + b.xz(n)
DFS[ x3(n) ] = Xap(k) = a.Xa(k) + b.Xz(k)
b. Tinh chat dich vong
Dich vong ciia mét day x(n) dugce dinh nghia nhu sau:
X(n-ng)n.recty(n) = Xy(n-no).recty(n)
Phép dich vong cua mot diy 1a phép dich trong d6 cac mau di ra khoi doan
[0, N-1] s& quay trd lai dau kia.
DFT[ x(n) ] = X(k)
DFT[ x(n-no) ] = Y (k) =W*"X (k)

Con nua
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§ 3. Bién ddi Fourier nhanh — FFT
I M¢ dau
Trong linh vyc xur 1 sb tin hiéu, bién d6i Fourier c6 vai tro rat quan trong,
vi vay no ton tai cac thuat toan tinh toan DFT hiéu qua hon. Tur khi Cooley
phat hién ra thut toan tim nhanh bién d6i DFT, cic thuat toan ngay cang
duoc phat trién va tng dung nhiéu trong xir 1i sd tin hiéu.
1. B phuc tap tinh todn cia DFT

Trong phan trude chung ta da tim hiéu bién ddi Fourier roi rac nhu sau:

X (K) pw,  olKINE (5 5

conlai

conlai

B
x(n)*lww Ml (3,

Nhan xét:

Tt (3.3) va (3.4) ta thay: X(k) va x(n) chi khac nhau hé sé ti 1& (1/N) va
dau ctia Wy. Nhu vay DFT va IDFT gan nhu 13 gidng nhau, do d6 cac
thuat toan FFT duogc st dung cho ca DFT va IDFT, nghia 1a cac thuat
toan tinh nhanh FFT ciing 4p dung cho IFFT.

Tu (3.3) ta théy do x(n) co thé cé gia tri thuc hodc phuc vi thé dé tim
X(k) yéu cau thuc hién N phép nhan phirc va N phep cong phu’c voi 1
gid tri cua k. Vo1 N gla tri k viéc tinh DFT- N diém yéu cau N phép
toan nhan phuc va N? phep toan cong phue. Do do khi N 1on s6 luong
phép toan sé& rat 16n vi vay can thuat toan tim X(k) (x(n)) hiéu qua hon.
Giai thuat co ban cua thuat toan tinh nhanh FFT 1a viéc phan gia DFT-N
diém thanh cdac DFT-N; nho hon (Ni<N) khi d6 sé luong phép toan sé
giam di rat nhiu (c& i.N).

Céc thuit toan tinh nhanh bién ddi Fourier déu dua vao tinh chét cua
Wh.

2. Céc tinh chit cua Wy
a. Tinh tuan hoan

k. k’.n” +iN k’.n’
W™ = W 0 =y o

Don , N-1]
k , N-1]

nén k.n P, (N-1).(N-1) Jvakn=k.n’ +iN

Vi du: Cho DFT — N=8 hdly dung tinh chit tuan hoan dé tinh X(7)

Tu (3.3) Ta co:

X(7) = x(0). Wg"? + x(1). Wg'*+ x(2). W5+ x(3). W' + x(4). Wg'* +
X(5).Wg' >+ x(6). W5+ x(7). Wg"’
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X(7) = x(0). Wg® + x(1). Wg'+ x(2). W™+ x(3). Wg? + x(4). Wg® +
X(5).Wg™ + x(6). Ws* + X(7). Wg"
Do tinh chat tuan hoan cua Wy nén ta co:

W08= Wgo

W78= W87

W148= W8(6+1.8) — W68 W428= W8(2+5.8) - W28
Wzl8= W8(5+2.8) - W58 W498: W8(1+6.8) - Wls

W2,z W43 = Wiy
W= W) = We,
Vay: X(7) = X(7) = x(0). Wg® + x(1). W'+ x(2). Wg’+ x(3). Wg® + x(4).Wg* +
X(5).Wg®+ x(6). Wg’+ x(7). Wg'
b. Tinh chét dbi xtng.
WK™ = Wy V) =WV WK = WK do W= 1
Vidu: We= We®D= Wity
Duya vao cac tinh chat ndy ngudi ta co cac giai thuat phan chia theo thoi gian
va phan chia theo tan sé, trong chuong trinh chiing ta chi tim hiéu giai thuat
phan chia theo thoi gian vdi N = 2™ con cac truong hop khac sv tu ngién ctru!
3. Thuat toan FFT co s 2 phan chia theo thoi gian ( FET — Ry)
a. Truong hop N=2"
Noi dung cua giai thudt nay 13 phan chia ddy x(n) thanh cac diy cé chiéu
dai nho hon va tim X(k) tir cic DFT cua chudi dd dugc chia nho.
Thuat toan:
- Goi x(n) 1a diy c6 chiéu dai 1a N = 2", gia sir x(n) duoc chia thanh 2 diy
con x(2n) va x(2n+1), mdi diy cé chiéu dai 1a N/2
+ Day x(2n) 1a diy chira cdc mau chin cua x(n).
+ Day x(2n+1) 1a ddy chita cac mau chin cua x(n).

Vi du:

52



? X(2n ?x(2n+1)

| |

I Xs(n) '

: X2(n) : x3(n) xs(n) X7(n)
|

|

ST I, Ll

k.n
)Wy Ol.\llnénvé‘i OBKIINIE ta co:

conlai

X (K) *2n)W2“k*2nl)w<2“'>k do w? l l B .N nén

X (k) *Zn)W”k *Zn .)Wnk w¥ do WXy khong phu thude vao n nén:
X (k) *Zn)W"k lvk*Zn B
2

N
DAt X,() *2
nlDW}* 12 DFT — N/2 diém 18 cua x(n)

xl(k)*z

ta c6: X (k) = Xo(k) + Wy . X1(K) (3.5)

X (k)

mW* 1a DFT — N/2 diém chin cua x(n)

2

53



Nhan xét: Cac phép toan tim Xo(K) va Xy(k) chi thuc hién trong khoang tur: 0
dén( N/2 —1). Do vay thuc chét ta ¢4 phan chia DFT — N diém thanh 2 DFT —
N/2 diém. Xo(k) va Xy(k) tuan hoan chu ki N/2.
Vi du:
Thuc hién DFT — N=8
Tir (3.5) ta c6: X(k) = Xo(K) + Wr*.X1(Kk)

Suy ra: X(0) = Xo(0) + Wg°.X1(0) X(4) = Xo(4) + Ws" . X1(4)
X(1) = Xo(1) + W' Xy (1) X(5) = Xo(5) + Wg>.X1(5)
X(2) = Xo(2) + W’ X1(2) X(6) = Xo(6) + Wg’.X1(6)
X(3) = Xo(3) + We’ Xu(3) X(7) = Xo(7) + W' . Xq(7)

Do Xg(k) va Xy(k) tuan hoan chu ki N/2 = 8/2 =4 do d6:
X(0) = Xo(0) + Wg'.X1(0) X(4) = Xo(0) + W X1(0)
X(1) = Xo(1) + We. Xy(1) X(5) = Xo(1) + Wg®. X1(1)
X(2) = Xo(2) + Wg”. X1(2) X(6) = Xo(2) + Wg?.X1(2)
X(3) = Xo(3) + Wg®. X4(3) X(7) = Xo(3) + Wg.X1(3)

Tu day ta co thé xay dung luu do sau:

Quy tac xay dung luu do:
Gia tri ciia mot nut bang tong cac nhanh di vao nut do.

- @Gia tri cia mot nhanh bang gia tri nut Xuat phat nhan véi1 hé sd truyén
cua nhanh.

- Hé sd truyén cua nhanh ghi & mii tén, néu khéng ghi thi hé s truyén
bang 1.

Luu d6 DFT —-N=8 sau 1 lan phan chia. V& hinh sau

Xo(0)

x(0) o—— |

X(2) o—— 5| DFT Xo(1)

\ /vﬁ :
X(1)

x(4) e Xo2) \\//
———> '\><>< / X(2)
X(6) ——— | Xo(3) e X(3)

x(1) S X1(0) W
) i /Xﬁ{\ “

X(3)e— 5| DFT Xa(1)

N/2 X
X(5) e—— > Xi(2) / \V;VW\\ X(6)
X1(3) / \
X(7) &——> : X(7)
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- Tiép tuc ta lai chia 2 day x(2n) va x(2n+1) mdi ddy thanh 2 diy con giéng
nhu trén. Giai thuat tlep tuc sau (m-1) lan ch1a thi chi con la DFT — 2 khi dé
cac hé sb truyén w¥y chi mang 2 gia tri 1a: W% = 1 vda W', = -1. Ta s& diung
phép chia tai day.

Vi du: N=8 sau 2 1an phén chia ta co:

X(O) &—> DFT ‘—VXOO(O)
N/4
X(4)Q—> —PXoo(l)

Va ta co:

Xoo(0)=x(0) + x(4)
01

Xoo(1)=x(0) — x(4)

Déy duoc goi 1a dang canh budém ctua FFT —R,. Két hop lai ta ¢6 luu d6 sau:

, X(0)

NEZ

NN

N XX A
Wy2

: : :> ; iX(4)

/><>v<\ X(5)

/ A\ X(6)
RN

, X(7)

Wy

%(0) Xo0(0) Xo(0)
x(4):>><: Xooll)

Xoo(0)

X(2)

-1
X(6) o Xoo(1)
-1

Xoo(0)

Xoo(1)

><

x(5) >

Xo00(0)

X3)
X(7):>>1< Xool1)

. Hi€u qua thuat toan: Do N= 2™ nén suy ra c6 m lting tinh toan, mdi ting
gdm N/2 phép nhan s phirc véi Wy va N phép cong sd phirc. Vay ta
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can c6 (1/2).N.m phép nhan phirc va (1/2)N.m phép cong. S6 lugng phép
toan giam di dang ké.

. Vi du: N=8 st dung cong thirc cua DFT thi ¢&: N°=64

Str dung FFT-R, s lugng phép toan c&: N.m = 8.3=24.

. Cai thién thuat toan:

Xét giita 2 tAng cla thuat toan 1ién ké : i va i+1

Xi(p) Xi+1(p)
% Wy

Xi(q) o— <;+1(Q)
W N2

Theo hinh v& ta thay giita 2 tang i va (i+1) ta co:
Xi+1(p) = Xi(p) + WNr-fﬁli/gQ)
Xis1(4) = Xi(p) + Wy . Xi(q)

N
Ta lai thay: wﬂ%) By, w: Il vay ta co:
Xir1(p) = Xi(p) + W' Xi(q)

Xis1(0) = Xi(p) - WN' . Xi(q)\
So do duoc vé lai:

Xi(p) Xi+1(p) Xi(p)e® Xi+1(p)
Wi —
Xi(q Xi+1(q) Xi(q ; Xi+1(q)
Wy Wi -1

Vay v6i mot phép nhan W' Xi(q) ta c6 thé tinh 2 gia tri Xi.1(p) va Xi+1(g). Do
d6 so luong phep nhén s& giam di 2 lan con sb luong phép cong van giir
nguyén. Vay dé tinh dugc X(k)y thi can:

N.log,N phép cong phurc

(%2)N.log,N phép nhan phirc.
Viy ta c6 thé xay dung luu d6 thuét toan FFT — R, ( vi du N=8 ) nhu sau:
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x(0)

x(4)

X(2)

Y

0
WN/Z

x(1)

Y

1
Wiz

x(5)

X(3)

3
>

0
Wiz

x(7)

><
><’
><

3
>

1
Wiz

Cha y: Khi thuc hién trén may tinh hodc thiét ké day vao x(n) thudng duoc xip

xép theo mi nhi phan dio con X(k) duoc xip xép theo ma nhj phin thuon

g.

x(n) Ma nhi phan dao Ma nhi phian thwong X (k)
x(0) 000 000 X(0)
X(4) 100 001 X(1)
X(2) 010 010 X(2)
X(6) 110 011 X(3)
x(1) 001 100 X(4)
X(5) 101 101 X(5)
X(3) 011 110 X(6)
X(7) 111 111 X(7)
Truc ddo Truc ddo

b. Truong hop: N= B. N=B..B, (SV doc gido trinh)
4. Thuat toan phan chia theo tin s6 ( Gidng phéan chia theo thoi gian) Tu

nghién ctru.
5. Tinh tong chap nhanh str dung FFT

y(n) =x(n)*h(n)



xX(n) e————

FFT

h(n) e—m7m——»

FFT

X(K)

H(K)

Y(K)

y(n)=x(n)*h(n)
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Chuong 4: B0 loc s6

Trong cc phan trudc ching ta da tim hiéu mot sd cach biéu dién tin hiéu
va hé théng roi rac, d6 1a nhitng cong cu khong thé thiéu trong viéc mo ta hé
théng xtr 1i tin hiéu. B loc sé 1a mot hé théng tuyén tinh bat bién, vi vay trong
phan nay chung ta s€ sir dung cac tinh chat da nghién ctru & cac phan trudc dé
tim hleu vé bo loc s6 mot trong nhirng hé thong dugc (mg dung rat nhiéu trong
xtt 1i 8 tin hiéu. Cac bd loc sd dan da thay thé cac bo loc tuong tu.

§1. Cac bo loc so li tudng
1. Khai niém chung

B6 loc s6 1a moét HT-TT-BB trong mién thoi gian r0i1 rac so do khéi co
dang:

x(ny—1 M) ——>y(n)= x(n)*h(n)

Trong mién tan s6 duoc dic trung bai dap tng tan so: H(ej!

S
] h — ] J -
HEM=DTFT [h(n)] = Y M x (M= _ _

Viéc thiét ké cac bo loc sd thuc té déu di tur li thuyét cac bo loc sd li tuong.
Chung ta s€ tim hiéu 4 loai bd loc sb tiéu biéu 1a:

- B loc s6 thong thap.

- BO loc sb thong cao

- BO loc sb thong dai.

- B0 loc sb chén dai.

Loc ¢ day chung ta hiéu 14 loc tan sd vi vay tat ca cac dic trung cua bd loc sb
déu duoc cho theo dap ung bién do
2. Cac dac trung cua bod loc s6 i tudng.
a. B0 loc thong thap li tuong

Dép mg bién d6 cta bo loc thong thap li tuong duge dinh nghia nhu

‘H(eﬂ‘ . con
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Bl s6 cit.

[ -..] dai thong.

Nhan xét: Do ‘H(e"ﬂ la dbi xtng do do6 ta chi can xét trong mdt ntra chu ki
I 12 du va coi h(n) 1a thue.

h(n) 13 bién d6i Fourier nguoc cua H(ej!

) l;.lH <ei!.ej--d-ﬂj-d-ﬁl'lj- el m

hay : h(n) sinfillh (4.1)

b. B0 loc thong cao li tudng

Bo6 loc thong cao 1i tuong 1a bd loc ma dap tng bién do cua nd dugc
dinh nghia nhu sau:

| I NN
‘H(e’ﬂ . con lai

[H(e™

n | n
.én sO cat.

- (i thong
Nhan xét: Do ‘H(e"ﬂ 1a d6i xtng do d6 ta chi can xét trong mdt nira chu ki
(I 12 du va coi h(n) 1a thye.

h(n) 14 bién d6i Fourier ngugc cua H(ej!

h(n) I;.IH (e!e*'d!ﬂ* (' ") ‘sinl
hay : h(n) l)% (4.2)

l1) duoc goi 1a dap Gmg xung ciia bd loc thong tat. ( All Pass Fillter ).
c. B0 loc thong dai li tuong.
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Dap tng bién d6 cua bd loc thong dai li tudng dugc dinh nghia nhu sau:

He™ I N
. con lai

[H(e™

-

. tan sb cat dudi.
. tan sb cat trén.
(- -E 0 (I I dai thong

Nhan xét: Do ‘H(ejﬂ la déi xting do do6 ta chi can xét trong mot nura chu ki

) 12 do va coi h(n) 1a thye.
Néu c6 2 bo loc thong thap véi tan so cat 1a ., va . thi:
H(e™ = Ho (@ Hu@® suy ra h(n) = ho(n) — ha(n)

h( )#sm.n SII’]. (43)

d. Bo loc chan da1 li tudng.

Pap ung bién d6 cua bod loc thong thap li twong duge dinh nghia nhu
Sau:

| I N N
‘H(e’ﬂ . con i

[H(e™

‘L‘-J Llé ﬂ i

B tin s6 cét dusi.
. tan sO cat trén.

E 1 JHE ¥ JH § KGR
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Nhan xét: Néu cac bo loc thong tat va bo loc thong dai va bd loc chin dai li
tudng co cung dap ung pha thi ta c6 cdc quan hé sau:

HE'M = 1AM Ho(eMsuy ra h(n) = ha(n) — he(n)

Trong do: HA(ej! 1a dap tng tan sé cua bo loc thong tat
HT(ej! 1a dap tng tan sé cua bo loc thong dai
H(ej! 1a dap tmg tan sé cia bo loc chin dai

h(n) -n)qsm.n sm. I(4 4)

§2. BO loc s6 FIR
Trong thuc té cac bo loc sb co dap ung tan sb & dang:

‘H(ejﬂ - o dai thong

. 0 dai chan

va

[H(Ee'™

+ [ d6 gon & dai thong
+ [ d6 gon & dai chén
+ .tﬁn s6 gidi han dai thong
+ .ﬁn s6 gidi han dai chan
3 1 [ORrERN

1. BO loc FIR thuc té

-Trong thuc té ta chi xac dinh dugc N hé s cua dap ung xung h(n). Vi vay
khi cac bd loc FIR duoc xay dung dua trén cac bd loc so li tuong thi chung
ta phai :
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+ Han ché chiéu dai cua dép ung xung bang cach dung cac ham ctra s6 ¢
chicu dai N ( recty(n) ).

+ ,Chuyén h(n) tir dang khong nhan qua sang dang nhan qua bang cach tinh
tién d1 mot s6 mau.
2. Cac dac trung cua bo loc FIR pha tuyén tinh.

Coi b6 loc FIR c6 dap tng tan sd 1a H(e’! c6 pha tuyén tinh, do d6 néu biét
dap ung pha cua né ta s& biét tin hiéu qua bd loc véi d6 tré nhat dinh da
biét.

Hé théng FIR 1a hé théng ludn ludn 6n dinh:

H(e™ lﬁFTl(n)*)e" (G C

B6 loc FIR ¢6 pha tuyén tinh néu: | NI 5
a. Truong hop

o

Tir (4.5) ta c6: [N
Suy ra:

b - - ol - -l

Suy ra: A(ej).cos*n)-cos. (*)
A(ej).sin*n)-Sin. (**)

Tu (*) va (**) ta co:

). sin. n). sm.
+ Néu [l 0 thi: "
n). cos. h(O) n). cos.

suy ra h(n) = 0 v6i moi n .) va gia tri h(0) tuy y v6i n=0. Pay la trudong hop
h(n) tam thuong, khong cho chung ta két qua gi.
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+ Néu -) thi

ta viét lai nhu sau:

sin*n).cos. 'os*n).sin. Pua sin[l] cosill 20 trong téng
n n

ta co:

-n)los.sin-in.cos-) Vay ta co:
n

-n).sin-)-)

Phuong trinh néy c6 dang ctia mot chuoi Fourier. Nghiém ctia n6 c6 dang nhu

I(n) EEE

Nhén xét:
- Vi mot gia tri ctia N, chi ¢ duy nhdt mot gia tri 'é dam bao -—
h tuyén tinh.
- Vi gia tri .éi dap tmg xung h(n) = h(N-1-n) 1a ddi xtng.
- Néu N 1¢ thi [Jjlf2 mot s6 nguyén va tAm déi xtng cta h(n) 1a miu thé
(N-1)/2. Ta c6 b6 loc FIR loai 1.
- Néu N chin thi i mot s6 khong nguyén va tdm dbi xtng ctia h(n) naim
gitta mau tht (N-1)/2 va N/2. Ta c6 bd loc FIR loai 2.
Pac diém quan trong cua bo loc s6 FIR loai 1 va 2 la tinh déi xung cua dap
iing xung h(n) cé rat nhiéu tng dung quan trong ta sé xét sau.
Vidu: N=6, 7
b. Truong hop -)

Chtrng minh tuong ty nhu truong hop a ta co:

-n).sin-n -) va nghiém duy nhat ctia né nhu sau:
n
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m' =

Wl @)

Nhan xét:

Véi mot gia tri ciia N, chi c6 duy nhat mot gia tri .é dam béo -.
h tuyén tinh.

Vi gié tri % dap ung xung h(n) = -h(N-1-n) 1a phan doi xing.

Néu N 1¢ thi Jjfa mot sé nguyén va tdm phan ddi xtng cta h(n) 1a miu
thir (N-1)/2. Ta c6 bo loc FIR loai 3.

Neu N chén thi .a mot sé khong nguyén va tdm phan déi xang ciia h(n)
nam gitta mau tha (N-1)/2 va N/2. Ta ¢6 bo loc FIR loai 4.

Pdc diem quan trong cua b,,o loc‘so FIR loai 3 va 4 la tinh phan doi xung
cua dap wng xung h(n) co rat nhiéu wng dung quan trong ta sé xét sau.
Vidu: N=6, 7.

3. Tong hop bo loc FIR c6 pha tuyén tinh s&f dung phuong phap clra

sO.

Viéc nghién ctru cdc phuong phap tong hop bo loc FIR ¢ phan nay ching ta
chi ding lai ¢ viéc tinh toan cac hé sé cta h(n). Cac hé sd cua h(n) dugc tinh
toan sao cho tod man cac chi tiéu ki thuit da cho. Bo loc FIR c¢é uwu diém hon
bo loc IIR 13 n6 ludn 6n dinh, chung ta s& xét cac bo loc FIR ¢6 pha tuyén tinh
(Pap tng xung h(n) dbi xtg hodc phan 601 xtng). Cac hé théng thyc hién
duoc vé mat vat 1y 13 cac hé théng nhan qua, 6n dinh.

C6 3 phuong phap chinh dé tong hop bo loc s6 FIR 1a:

Phuong phap cira s6.
Phuong phap lay mau tan so.
Phuong phap lap.

Trong chuong trinh chiing ta chi tim hiéu phuong phap thir nhat.

a. Nhan xét.

Ta d3 biét dap ung tan sb cta bo loc FIR nhan qua bac N la:

H (e '™ *w).e.-; h(n) ﬂ Gl alt |

+ Goi h(n) 1a dap tng xung cua bd loc sb 1i tudng, vi vay h(n) c6 chiu dai
VO han nén khong thé thuc hién dugc. L[h(n) | = [-
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+ h(n) khong nhan qua, vi thé khong thé thuc hién duoc.

+ Pé cho dap tng xung ctia bd loc sb 1i tudng tré thanh dap Gmng xung cua
b6 loc FIR thi ta phai lam cho h(n) nhin qua va han ché chiéu dai cua no.

+ Pé han ché chiéu dai cta h(n) ta s& str dung ham ctra s, hay dugc goi la
cua sO w(n), la ctra s6 nhan qua c6 chiéu dai la N.

o plE BN
N n con lai

b. Cac budc chinh. Phuong phap cira s6 dwoc thuc hién cho bod loc sb loai
1.

- Budc 1: Chon 4 chi tiéu ki thuat cia bo loc sb thuc té: . .. . Pé
tim .trong chuong trinh cho -
- Budc 2: Chon dang ctra sb w(n), va chi€u dai ctra s6 N, trong mién N

cira s6 ¢6 tAm d6i xting tai n .%, c6 pha tuyén tinh 1a --\IZ!.
- Budc 3: Chon loai bd loc sé li twong cé dap tng xung 1a h(n), h(n) co

tam d6i xGng tai n .% ,cO6 pha tuyén tinh 1a --\12—.. ( Thay
'l

Budc 4: Nhan cua so w(n), vo1 h(n) thu dugc dap ung xung thuc té cua
bd loc FIR loai 1.

hg(n)= w(n),.h(n)

L[w(n),] =N
Lhn) 1=
L[ha(n) 1= N

- Budc 5: Sau khi ¢6 hg(n) thir lai trong mién tan s6 xem da dat chi tiéu ki
thuat chua, néu chua dat lam lai véi N 16n hon. ( Budc nay ta bé qua)
C. Mot sO cura so dién hinh.

C;. Ctra sO chir nhat.

Trong mién n cua s6 chir nhat dugc dinh nghia nhu sau:

wR(n>1 0 n.‘(zf. Wect, (n)

lai

Nhu vay ta thiy cira s6 chit nhat chinh 13 day chit nhat recty(n).
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Nhu vay: h,(n) 1(n) 'miE

0 n con lai

C2. Ctra s6 Hanning va Hamming.

Trong mién n cra s6 Hanning va Hamming dugc dinh nghia nhu sau:

|
f-c Nl o 1 ¥ |
w,, () osN n
" 0 n con lai

Néu ' 0.5 thi ta c6 ctra s6 Hanning:
|
W, () 1.5 ..SCos“n 0 .1 .\I .
0 n con lai
Néu . 0.54 thi ta c6 ctra s6 Hanning:
|
W, (n) 1.54.}.46cos“n q I 9 |
0 n con lai

Do thi clia cac ctra sO nay nhu sau:
ViduvéiN=9
Whan(N)gVa Wham(n)e doi Xxing tain = 4

AV\/Han(ﬂ)
3 0.85
0,5
T T 0.15
0 4 9 n
“WHam(n

0.5
00g ¢ | 1 [poee
0 4

9 n
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Cs. Ctra s6 tam giac, Blackman (Giéo trinh).

Vi du: Thlet ké bo loc thong thap voi cac chi tiéu ki thuat, .— l N=29
dung ctra s6 Hanning. V& so d6 bo loc so:
- Cura s6 Hanning wyan(n) c6 N =9 1a ctra s6 nhan qua ¢6 tam doi xing tai

Hl_
.

- Chon bd loc sé 1i tuong théng thap ciing c6 tam d6i xting tai — = [ va

tan sb cat .=l

- Vay ta co:

h) q&r %sm(n )
] BN nl)

- Do d6 dap ting xung cua bo loc s6 thuc té 1a:

hy (n) () w,.,, (0),
Minh hoa bang db thi ta co:
AV\/Han(ﬂ)
3 0.85
0.5
T T 0.15
0 4 9 n
Ah(n)
1/2
. 2 . 2 . 4 @ >
0 o 4 ¢ 3 n
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Ahd(n)

Vay ta co:

o IR FDERDE DD

Tu day ta ¢6 so d6 mach nhu sau:

x(n) ——>— >y(n)

D

D 1.05 1
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§3 Bo loc s6 IIR
Mé dau
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