HOQC VIEN CONG NGHE BUU CHINH VIEN THONG

CHLPONG TRINH P”"

PAO TAO PAI HOC TU XA

XU LY AM THANH, HINH ANH

(Dung cho sinh vién hé dao tao dai hoc tur xa)

Luu hanh ngi b

HA NOI - 2007

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

XU LY AM THANH, HINH ANH

Bién soan: TS. NGUYEN THANH BINH
THS. VO NGUYEN QUOC BAO

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

LOINOI PAU

Tai liéu huéng dan hoc tdp mon "Xir Iy 4m thanh va hinh anh" danh cho khéi dao tao tur
xa chuyén nganh dién tir vién thong. Tai liéu nay s& gioi thidu nhiing kién thirc co ban vé xur 1y am
thanh va hinh anh. Dic biét, tac gia chii trong toi van dé xir 1y tin hiéu tng dung trong mang vién
thong: d6 1a cac phuong phap nén tin hiéu, luu trix, cac tiéu chudn nén tin hiéu 4m thanh va hinh
anh. Nhiing kién thtc duoc trinh bay trong tai liéu s& gitip hoc vién tiép can nhanh véi cac van dé
thuc tién thuong gip trong mang vién thong.

Vi khéi lugng kién thirc trong linh vuc xir Iy 4m thanh ciing nhu hinh anh rat 16n, va voi
quy thoi gian qua eo hep danh cho bién soan, tai liéu huéng dan ndy chua thau tém duoc toan bo
kién thirc can c6 vé linh vyc xir Iy 4m thanh va hinh anh. Dé tim hiéu vé mot s6 van dé c6 trong
dé cuong moén hoc doi hoi hoc vién phai nghién ctru thém trong s6 sach tham khao duoc tac gia dé
cap t6i trong phan cudi cua tai lidu nay.

Nbi dung cudn sach dugc chia 1am hai chuong:

- Chuong 1: K¥ thuat xtr Iy am thanh

- Chuong 2: K¥ thuat xir ly hinh anh.

Pé c6 thé hoc tt mon nay, sinh vién can phai co kién thirc co ban vé xur 1y tin hiéu sb.
Céc kién thirc ndy cac ban c¢6 thé tim hiéu trong cudn “Xtr Iy tin hiéu s6” danh cho sinh vién Pai
hoc tir xa cua Hoc vién.

bay la l4n bién soan dau tién, chic chin tai liéu con nhiéu so sot, rat mong cac ban doc
trong qua trinh hoc tap va cac thay co giang day méon hoc nay dong gop cac y kién xay dung.
Trong thoi gian gan nhét, tac gia s& cb gang cap nhap, bo xung thém dé tai liéu hudéng dan dugc
hoan chinh hon.

Moi y kién dong gop dé nghi gui vé theo dia chi email: binhntptit@yahoo.com

Tp. H6 Chi Minh 19/05/2007

Nhom bién soan

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

https://fb.com/tailieudientucntt

CuuDuongThanCong.com


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

CHUONG1 KY THUAT XU LY AM THANH

1.1 TONG QUAN VE XU LY AM THANH
1.1.1  Giéi thiéu so lrgc vé 4m thanh & hé thong xir Iy Am thanh
1.1.1.1 Ddc tinh cua dm thanh twong tw [1]

Muc dich ciia 11 néi 1a ding dé truyén dat théng tin. Cé rat nhiéu cach mé ta dic diém
cua viéc truyén dat thong tin. Dya vao ly thuyét thong tin, 101 ndi cod thé dugc dai dién boi thuat
ngi 1a noi dung thong diép, hoac 1a thong tin. Mot cach khac dé biéu thi 161 noi 1 #in hiéu mang
noi dung thong diép, nhu la dang song dm thanh.

| lﬂM N MAM i
1'VUW% 1 ’W LI

Hinh 1.1 Dang song cua tin hi€u ghi nhan dugc tir &m thanh ctia nguoi

K¥ thuat dau tién ding trong viéc ghi am sir dung cac thong sd vé co, dién ciing nhu
truong ¢ thé 1am nén nhiéu cach thic ghi 4m Gng véi cac loai ap suat khong khi khac nhau. Dién
ap dén tir mot microphone 12 tin hiéu twong ty cua 4p suat khong khi (hodc déi khi 1a van tdc). Du
duogc phan tich bang cach thirc nao, thi cac phuong phap khi so sanh véi nhau phai ding mot ti 18
thoi gian.

Trong khi cac thiét bi trong tu hién dai trong c6 vé xir Iy am thanh t5t hon nhiing thiét bi
b dién, cac tiéu chuan xtr 1y thi hau nhu khong ¢ gi thay d6i, mic di cong nghé c6 vé xur Iy tot
hon. Trong hé théng xr 1y am thanh tuong ty, thong tin duoc truyén dat bang thong s lién tuc
bién thién vo han.

Hé thong xir Iy 4m thanh s6 1y tuong ¢ nhimg tinh ning tuong tu nhu hé thong xtr Iy am
thanh tuong tu 1y tudng: ca hai hoat dong mot cach “trong sudt” va tao lai dang séong ban dau
khong 13i. Tuy nhién, trong thé gidi thuc, cac didu kién 1y tuong rat hiém ton tai, cho nén hai loai
hé théng xir Iy 4m thanh hoat dong s& khac nhau trong thuc té. Tin hiéu sb sé& truyén trong khoang
cach ngan hon tin hiéu twong tw va v6i chi phi thap hon. Trong gido trinh nay, tap trung dé cép
dén hé thong s6 xit Iy 4m thanh.

Thong tin ding dé truyén dat ctia 4m thoai vé ban chit ¢ tinh rdi rac [2], va no c6 thé
dugc biéu dién bai mot chudi ghép gom nhidu phan tir tir mot tap hiru han cac ky hiéu (symbol).
Céac ky hiéu tir mdi 4m thanh c6 thé duoc phan loai thanh cac 4m vi (phoneme). Mdi ngon ngir co
cac tap am vi khac nhau, dugc dac trung bdi cac con $6 ¢o gia tri tu 30 dén 50. Vi dy nhu tiéng
Anh dugce biéu din boi mot tap khoang 42 4m vi.

Tin hiéu thoai duogc truyén voi toe do nhu thé nao? Bdi voi tin hidu Am thoai nguyén thiy
chua qua hiéu chinh thi toc d6 truyén udc luong c6 thé tinh dugc bang cach luu ¥ gidi han vat 1y
ctia viée noi luu loat ctia ngudi néi tao ra 4m thanh thoai 1a khoang 10 4m vi trong mot gidy. Moi
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mot am vi duge biéu dién boi mot sb nhi phan, nhu vay mot ma gém 6 bit c6 thé biéu dién duoc
tat ca cac 4m vi cua tiéng Anh. V&i téc d truyén trung binh 10 am vi/gidy, va khong quan tdm
dén van dé luyén 4m gitra cac Am vi ké nhau, ta ¢ thé udc luong duoc toc do truyén trunh binh
cua am thoai khoang 60bit/giay.

Trong hé thong truyén 4m thoai, tin hiéu thoai duoc truyén luu trir va xir 1y theo nhiéu
cach thirc khac nhau. Tuy nhién ddi v6i moi loai hé thong xir Iy 4m thanh thi c¢6 hai diéu cdn quan
tam chung la:

1. Vi¢c duy tri ndi dung cua thong di¢p trong tin hiéu thoai

2. Viéc biéu dién tin hiéu thoai phai dat dugc muc ti€u tién lgi cho viéc tmyén tin hoac luu
trit, hoac ¢ dang linh dong cho viéc hi€u chinh tin hiéu thoai sao cho khéng lam giam
nghiém trong ndi dung cua thong di€p thoai.

Viéc biéu dién tin hiéu thoai phai dam bao viéc cac ndi dung thong tin co thé duoc dé
dang trich ra bdi nguoi nghe, hoac boi cac thiét bi phan tich mot cach ty dong.
1.1.1.2 Khdi niém tin hiéu

La dai luong vat 1y bién thién theo thoi gian, theo khéng gian, theo mot hodc nhiéu bién
doc 1ap khéc, vi du nhu:

> Am thanh, tiéng néi: dao dong song theo thoi gian (t)
» Hinh anh: cuong d6 sang theo khong gian (x, y, z)
> Dia chin: chan dong dia 1y theo thoi gian

Bicu dien toan hoc cua tin hi¢u: ham theo bién ddc 1ap

> u(t)=2t"-5

> f(xy)=x"=2xy-6)’

Thong thuong cac tin hi¢u ty nhién khong biéu dién dugc boi mot ham so cép, cho nén
trong tinh toan, ngudi ta thuong dung ham x4p xi cho céc tin higu ty nhién.

Hé théng: 1a thiét bi vat ly, thiét bi sinh hoc, hodc chuong trinh thuc hién cac phép toan
trén tin hiéu nham bién ddi tin hiéu, rat trich thong tin, ... Viéc thuc hién phép toan con duoc goi
la xur 1y tin hiéu.
1.1.1.3 Phdn logi tin hiéu:

Tin hiéu da kénh: gdm nhiéu tin hiéu thanh phan ,cung chung mé ta mot déi twong nao d6
(thuong dugce biéu dién dudi dang vector, vi du nhu tin hi¢u dién tim (ECG-ElectroCardioGram) ,
tin hi¢u dién ndo (EEG — ElectroEncephaloGram), tin hi¢u anh mau RGB.

Tin hiéu da chiéu: bién thién theo nhiéu hon mét bién doc 1ap, vi du nhu tin hiéu hinh anh,
tin hiéu tivi trang den.

Tin hi¢u lién tuc theo thoi gian: 1a tin hiéu dugc dinh nghia tai moi diém trong doan thoi
gian [a,b], ky hiéu x(¢) .

4

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Hinh 1.2 Tin hi¢u lién tyc theo thoi gian
Tin hi¢u roi rac thoi gian: 1a tin hi¢u chi dugc dinh nghia tai nhiing thoi diém roi rac khac
nhau, ky hiéu x(n).

Hinh 1.3 Tin hi¢u roi rac theo thoi gian

Tin hi¢u lién tuc gid tri: 14 tin hiu c6 thé nhan trj bt ky trong doan [Y_. ,Y ], vi du tin

in %

hi¢u tvong tu (analog).

Hinh 1.4 Tin hi¢u lién tyc gia tri
Tin hi€u ro1 rac gia tri: tin hiéu chi nhan tri trong mét tap tri roi rac dinh trude (tin hi€u
s0).
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Hinh 1.5 Tin hi¢u roi rac gia tri

Tin hi¢u analog: 1a tin hiéu lién tuc vé thoi gian, lién tuc vé gia tri.

Hinh 1.6 Tin hi€u analog
Tin hi€u s0: 1a tin hi¢u ro1 rac vé thoi gian, roi rac ve gia tri.
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Hinh 1.7 Tin hiéu s6

Tin hiéu ngiu nhién: gia tri cia tin hiéu trong twong lai khong thé biét trudc duge. Cac tin
hi¢u trong ty nhién thuong thudc nhom nay

Tin hiéu tat dinh: gia tri tin hiéu ¢ qua khu, hién tai va tuong lai déu duge xac dinh 1o,
thong thuong c6 cong thire xac dinh rd rang
1.1.1.4 Phén logi hé théng xir Iy

GOm hai loai hé thng 1a hé thdng twong tir va hé théng sb. Trong d6 hé thong xir 1y sd: 1a
hé thdng co thé 1ap trinh dugc, d& mo phong, ciu hinh, san xuat hang loat v&i do chinh xéac cao,
gia thanh ha, tin hi¢u s6 d& luu trit, van chuyén va sao luu, nhuge diém 1a kho thuc hién véi cac
tin hiéu c6 tan sb cao
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1.1.1.5 H¢ thong sé xii Iy am thanh [3]

D3 nhay cua tai nguoi rat cao, nd co thé phan bi¢t dugc ) luong nhiéu rat nho cling nhu
chép nhén tam bién d6 4m thanh rat 1én. Cac dic tinh ciia mot tin hiéu tai ngudi nghe duoc c6 thé
dugc do dac bang cc cong cu phi hop. Thong thudng, tai nguoi nhay nhét & tim tan sb 2kHz va
5kHz, mac du cling c6 ngudi co thé nhan dang duogc tin hi¢u trén 20kHz. Tam dong nghe duoc
clia tai ngudi dugc phan tich va nguoi ta nhan dugc két qua 1a co dang dap tGng logarith.

Tin hiéu 4m thanh duoc truyén qua hé thdng sd 1a chudi cac bit. Bai vi bit ¢6 tinh chitt roi
rac, dé dang xac dinh s6 luong bang cach dém sb lwong trong mot gidy, d& dang quyét dinh toc do
truyén bit can thiét dé truyén tin hi¢u ma khong 1am mat thong tin.

eer—
e —

Y S—

Some Excessive noise,
2 e noise but level could be
levels still HSorB
distinguishable
1
MNo noise

Hinh 1.8 Pé nhan dugc tm muc tin hiéu khac nhau mot cach phan bi¢t, tin hiéu dinh-
dinh cua tin hiéu nhiéu phai nho hon hodc d sai bi¢t gitta cac muc do. Ti s6 tin hiéu trén nhiu
phai t6i thiéu 1a 8:1 hodc 1a 18dB, truyén bai 3 bit.O 16 muc thi ti s6 tin hiéu trén nhiéu phai la
24dB, truyén boi 4 bit.
1.1.1.6 Mo hinh hoa tin hiéu am thanh [4]

Co rat nhiéu k¥ thuat xtr 1y tin hi¢u dugc mo hinh hoa va ap dung cac giai thuat trong viéc
khoi phuc am thanh. Chat Iyong ctia 4m thoai phu thudc rat 16n vao mé hinh gia dinh phu hop voi
dit liéu. Dbi véi tin hiéu 4m thanh, bao gém am thoai, nhac va nhiéu khong mong mudn, mé hinh
phai tong quat va khong sai 1énh so v6i gia dinh. Mot didu can luu ¥ 13 hdu hét cac tin hiéu am
thoai la cac tin hi¢u dong trong thuc té, mac du mé hinh thyc tién thi thuong gia dinh khi phan
tich tin hiéu 14 tin hiéu c6 tinh chat tinh trong mot khoang thoi gian dang xét.

Mo hinh pht hop véi hau hét rat nhiéu lanh vuc trong viée xir Iy chudi thoi gian, bao gdm
viéc phuc hoi am thanh 1a mé hinh Autoregressive (viét tit AR), dugc dung lam mé hinh chudn
cho vi¢c phan tich du doan tuyén tinh.
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Tin hiéu hién tai dugc bi€u dién bdi tong gia tri cia P tin hiéu truge d6 va tin hiéu nhiéu
trang, Pla bac ctia mo hinh AR:

s[u]zZs[n—i]ai+e[n] (1.1)

P
i=1

Mo hinh AR dai di¢n cho cac qua trinh tuyén tinh tinh, chép nhén tin hiéu twong tu nhiéu
va tin hiéu tuong tu diéu hoa. Mot mé hinh khac phu hop hon dbi voi nhiéu tinh hudng phan tich
12 mo hinh auto regressive moving-average (ARMA) cho phép cac diém cuc ciing nhu diém 0.
Tuy nhién m6 hinh AR c6 tinh linh dong hon trong phan tich hon m6 hinh ARMA, vi du mét tin
hiéu nhac phtc tap cin mé hinh c6 bac P >100 dé biéu dién dang song cua tin hiéu, trong khi
cac tin hiéu don gian hon chi can biéu dién béng bac 30. Trong nhiéu ung dung, viéc lya chon bac
ctia mo hinh pht hop cho bai toan sao cho dam bao viéc biéu dién tin hiéu 1a thoa viéc khong lam
mat di théng tin cta tin hiéu 13 viéc hoi phirc tap. C6 rat nhiéu phuong phap dung dé udc lugng
bac cia m6 hinh AR nhu phuong phap maximum likelihood/least-squares [Makhoul, 1975], va
phuong phap robust to noise [Huber, 1981, Spath, 1991], v.v... Tuy nhién, ddi voi viéc xir 1y cac
tin hiéu am nhac phirc tap thi thong thuong sir dung mo hinh Sin (Sinusoidal) rat c6 hiéu qua
trong cac tmg dung am thoai. M6 hinh Sin rt phu hop trong cic phwong phap ding dé giam
nhiéu. Tin hiéu duoc cho boi cong thic sau

s[n]ga[[n]sin(fa)i(t)dt+¢ij 12

Day 1a mé hinh téng quat dbi véi cac didu ché bién d6 va diéu ché tan sd, tuy nhién lai
khong phu hop ddi véi cac tin hiéu trong ty nhiéu, mic du viéc biéu dién tin hiéu nhidu c6 thé
duogc biéu dién boi s6 lwong ham sin rat 16n.
1.1.1.7 Kién triic hé thong sé xiv Iy dm thanh

Dbi v6i may tinh sé xir 1y 4m thanh, nguoi ta thuong dung phuong phap Diéu ché xung
(Pulse Code Modulation , viét tit PCM). Dang séng 4m thanh dugc chuyén sang diy s6 PCM nhu
sau, xét tin hi€u hinh sin lam vi du:

= Tin hiéu géc 1a tin hiéu nhu Hinh 1.9

A AN
AR

Time

Air Displacement

Hinh 1.9 Dang song am thanh nguyén thuy
= K¢ dén, sir dung mot microphone dé thu tin hiéu 4m thanh (trong khong khi) va chuyén
d6i thanh tin hiéu dién, tam dién ap ngd ra ctia microphone +1 volt nhu Hinh 1.10.
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AN AN AN AN AW
ANANAWAWA

AVRYEVERN
VERVARVARVARD

Time »

Voltage

Hinh 1.10 Dang séng cua tin hi¢u dién
* Tin hi¢u dién ap dang tuong ty sau dé dugc chuyén thanh dang s6 hoa br:ing thiét bi
chuyén d6i twong tu-sb (analog-to-digital converter). Khi sit dung b chuyén dbi 16bit
tuong tu-sd, tim s nguyén ngd ra co gia tri 32,768 dén +32,767, dwoc mo ta nhu hinh

T A N A N A A A
B A AW AW AR
R YRYRYETEE
I A A VS0 VR

Hinh 1.11 Ngd ra cua bd chuyén di tin hiéu tuong tu sang tin hi¢u )

= Vi sd luong diém dit lidu 12 vo han nén khong thé 14y tit ca cac diém thudc truc thoi gian,
viéc lay mau s& duoc thuc hién trong mot khoang thoi gian déu dan. S6 lugng mau trong
mot gidy dugc goi 1a tan sé 1dy mau (sampling rate). Hinh 1.12 mé ta 43 mau duoc liy

- [ /{ +32,767
§ } +16,383
g 0
AR AR ..,
8 s, =

32,768

1 > 43
Hinh 1.12 Thyc hién viéc léy mau
= Két qua cua viéc lay mau 1a mot chudi gdm 43 chit sé biéu dién cho cac vi tri ciia dang
song ung thoi gian gian la mot chu ky (hinh 1.13).

+32,767

+16,383

0

-16,384

Recorded Value

—t -32,768

1 » 43
Hinh 1.13 Két qua cua viéc 1dy mau cac gia tri
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May tinh sau d6 s& x4y dung lai dang song cua tin hiéu bang viéc két ndi cac diém dir liéu
lai v&i nhau. Dang song két qua duoc mé ta ¢ Hinh 1.14.

— = - 132,767
(O]
3 +16,383
> \
: AR °
: \

-32,768
1 » 43

Hinh 1.14 Dang song duoc tai tao lai
Luu ¥ rang c¢6 mot vai diém khéc biét giita dang song nguyén thiy va dang séng tai tao
(Hinh 1.9 va Hinh 1.14), 1y do:
A. Cac gia tri dugc tao ra tai bo chuyén dbi tin hiéu tuong tu sang tin hi¢u s6 1a cac sb
nguyén va dugc lam tron gia tri.
B. Hinh dang cua tin hiu tai tao phu thude vao s6 luong mau duge ghi nhan.
Téng quat, mot day s6 hitu han (dai dién cho tin hiéu sé) chi ¢6 thé biéu dién cho mot
dang song tin hi¢u twong tu voi do chinh xac hitu han.
1.1.1.8 Tan sé liy mdu
Khi chuyén d6i mot am thanh sang dang s, diéu can luu y 13 tan s6 1dy mau cta hé thong
xtr Iy phai dam bao tinh trung thuc va chinh xac khi can phuc héi lai dang song tin hiéu ban dau.
Theo dinh 1y mau Nyquist va Shannon, tan s lay mau quyét dinh tin sé cao nhét cua tin
hiéu phuc hoi. Dé tai tao lai dang song c6 tan s6 1a F', can phai iy 2F mAiu trong mot gidy. Tan
sd nay con dugc goi 12 tn sd Nyquist. Tuy nhién, dinh 1y Nyquist khong phai 1 t6i wu cho moi
truong hop. Néu mot dang song hinh Sin ¢6 tan s6 1a 500Hz, thi tin s 1y mau 1000Hz. Néu nhu
tan s 1y mau cao hon tan sb Nyquist s& gdy ra tinh trang “hiéu ting 13” anh huong dén bién do
ctia tin hiéu va tin hiéu bi cong nhiéu, tuy nhién lic d6 thi cac thanh phan hai tan s thap lai c6 tin
hiéu chinh xac hon khi duoc phuc hoi.
1.1.2  Nhic lai mt s6 khai niém todn hoc trong xir Iy 4m thanh
1.1.2.1 Phép bién dbi z [5]
Phép bién ddi z ciia mot chudi duge dinh nghia boi cap biéu thirc

X(z): ix(n)z"’ (1.3a)

x(n)= L&X(z)z”‘ldz (1.3b)
27 ¢

Bién d6i z cta x(n) dugc dinh nghia boi biéu thirc (1.6a). X (z) con dugc goi la diy
cong sut vo han theo bién z™' vdi cac gia tri ciia x(n) chinh 1a cic hé sb cua diy cong sut.
Mién hoi tu ROC 1a {Z| |X (Z)| < o0}, 1a nhiing gia tri ciia z sao cho chudi hoi tu, hay noi cach

khac
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Yz < (1.4)
Thong thudng, mién hdi tu cua z c6 dang:
R <[|z<R, (1.5)

Vidu: Cho x(n)=06(n—n,). Theo cong thire (1.3a),tacd X(z)=z"

Vi du: Cho x(n)=u(n)—u(n— N). Theo cong thuc (1.3a), ta co

-N
1-z
z

1-—

-1

X(z)= E(l).z‘” =

Vidu: Cho x(n)=a"u(n).Suyra X(z)= Za"z_" = WY, a| < |Z|
n=0 oy
-1
Vi du: Cho x(n)=—-b"u(-n—1). Then X(z)= Zb"z_" = S S Z| < |b|
Bang 2.1 Chudi tin hi¢u v bién ddi z tuong g
Chudi tin hiéu Bién d6i z
1. Tuyén tinh ax,(n) + bx, (n) aX,(z)+bX,(2)
2. Dich x(n+ny) z" X (2)
3. Ham mi a”x(n) X(a'2)
4. Ham tuyén tinh nx(n) dX(z)
[— Z—
dz
5. Béo thoi gian x(-n) Xz
6. Tuong quan x(n)*h(n) X(z)H(z)
7. Nhan chudi x(m)w(n 1
(Wwie) T§ X)W (z/vv'dv
/e

1.1.2.2 Phép bién déi Fourier

Bién doi Fourier cuia tin hiéu roi rac thoi gian dugc cho bdi bicu thic

X(e™)= ix(n)ef"”’" (1.6a)
x(n) = Lr X(e™)e"dw (1.6b)
2

Bién d6i Fourier 1a trudng hop dic biét ciia phép bién ddi z bang cach thay thé z =e™ .
Nhu mé ta trong Hinh 1.4, trong mit phang z, tn s6 w 14 goc quay. Diéu kién du dé ton tai bién

doi Fourier 1a |Z| =1, nhu vay
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i|x(n)| <

Im[:] z-PLANE

-1 1 Re[l]

Hinh 1.15 Vong tron don vi thudc mit phing z

(1.7)

Mot dic tinh quan trong ciia bién doi Fourier cia mot chudi 1a X (e™)1a ham diéu hoa w,

voichukyla 27 .

Bing cach thay z = e" & bang 2.1, ¢6 c6 duoc bang bién dbi Fourier twong tng.

1.1.2.3 Phép bién doi Fourier roi rac
Trong truong hop tin hiéu twong tu, tuan hoan véi chu ky N

X(n)=x(n+N) —oo<n<w

(1.8)

Véi X(n) c6 thé c6 dang 14 tong roi rac cac tin hiéu sin thay vi tich phan nhu & cong thirc

(1.9b). Phép bién ddi Fourier cho chudi tuan hoan nhu sau

~ N-l 7j2—”kn
X(k)= Z X(n)e
n=0

N-1 j2ikn
X(h)y==—> X(k)e "
N k=0
Chudi x(n) hiru han, c6 gia tri bang 0 voi 0 < n < N —1, ¢6 phép bién d6i z 1a.

X(z)= fx(n)z"”

n=0

(1.9a)

(1.9b)

(1.10)

Néu chia X (z) thanh N diém trén vong tron don vi, zZ, = e Nk =01,.,N—1, ta

co:
2k Nl 2 kn
X" )= Zx(n)e ¥ k=0l,..,N-1
n=0
Chudi tuan hoan v6 han X(n) c¢6 cong thirc tir x(n) nhu sau
xX(n)= Zx(n +7rN)
12
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2z
Ly ~ j—k .
Ta nhén thay rang cac mau X (ej M) tir phuwong trinh (1.9a) va (1.11) chinh 1a cac hé sd

Fourier ctia chudi tudn hoan X(7) trong phuong trinh (1.12). Nhu vay, mot chudi ¢6 chiéu dai N

¢6 thé dugc biéu diwnx bdi phép bién d6i Fourier rdi rac (DFT) nhu sau:

N-l —jz—”kn

X(k)sz(n)e N k=01...,N-1 (1.13a)
n=0
N-1 i

x(n):ﬁZX(k)e N on=01,.,N-1 (1.13b)
k=0

Diéu khéc biét duy nhét giita biéu thirc (1.12) va (1.9) 1a ky hiéu (loai bo ky hiéu ~ khi
n6i dén tin hiéu tuin hoan) va giéi han hitu han 0 <A< N -1 va 0<n< N —1. Luu y mot
diéu 1a chi dung phép bién d6i DFT cho tin hiéu tudn hoan cé tinh chat 1a module ctia N .

0

x(n) = z x(n+rN)=x(n

e module N) (1.14)

=x((n))

Bang 2.2 Chudi va bién d6i DFT
Chudi tin hi¢u Bién d6i N diém DFT

1. Tuyén tinh ax,(n)+bx,(n) aX,(k)+bX, (k)
2. Dich x((n+ny)), e.i%rk"o X (k)
3. Dao thoi gian x((—n))N X*(k)
4. Két hop = X(k)H(k)

2 xX(m)h((n —m)),

m=0
5. Nhan chudi x(m)w(n) “

NZ X)W ((k=7))y
r=0

1.2 MO HINH XU LY AM THANH
1.2.1 Céac md hinh liy miu va mi hoa thoai
1.2.1.1 Ldy mdu tin hi¢u ¢ mién thoi gian va tdi tgo tin hiéu lién tuc [6]

Pé xir Iy mot tin hiéu lién tuc bang cac phuong tién xir 1y tin hiéu sb, ta phai ddi tin hiéu
lién tyc d6 ra dang mot chuoi so6 bang céac lay mau tin hi¢u lién tuc mét cach tuan hoan cé chu ky
1a T gidy. Goi x(n) la tin hiéu roi rac hinh thanh do qué trinh ldy mau, tin higu lién tuc x,(¢), ta
co

x(n)=x,(nT) -0 <n<o (1.15)

Cac mau x(n) phai duge lugng héa thanh mét tp cac mirc bién do roi rac r6i méi duge

dua vao bo xur ly s6. Hinh 1.16 minh hoa mét cdu hinh tiéu biéu cho hé théng xu ly tin hi¢u tuwong
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tu bang phuong phap sd. Trong cac phan sau, ta bo qua sai s luong héa phat sinh trong qua trinh
bién doi A/D

Tin hiéu Mach | x,(¢) x(n) |Mach xu ly tin|V (n) v.(t) Mach
lientuc »|  loc > A/D > hiéu so >  D/A > loc

Hinh 1.16 Cu hinh hé théng xt 1y tin hiéu twrong ty bang phuong phép sb

bé xé4c dinh quan hé gitra phé) cua tin hiéu lién tuc va phé cua tin hi¢u ro1i rac tao ra tr qua
trinh léy mau tin hiéu, lién tuc do, ta chu y dén quan h¢ gitra bién doc 1ap ¢ va n cua tin hi¢u
x,(t) va x(n)

t=nT =— (1.16)

Pinh Iy 1dy mau: mot tin hiéu lién tyc co bang tan hitu han, c6 tan s6 cao nhat 1a B Hertz
c6 thé khdi phyc tir cdc m3u ciia n6 v6i diéu kién tan s ldy mau F, > 2B mau / gidy
1.2.1.2 Ldy mdu tin hi¢u é mién tin sé va tdi tao tin hiéu lién tuc

Ta da biét tin hiéu lién tuc c6 niang lugng hiru han thi c6 phd lién tuc. Trong phan nay, ta
s€ xét qua trinh léy mau cta cac tin hiéu loai d6 mot cach tudn hoan va su tai tao in hiéu tir cac
mau ctia phd ctia chiing

Xét mot tin hiéu lién tuc x, (£) véi mot pho lién tue X, (F) . Gia sir ta lay mau X (F)
tai cic thdi diém cach nhau OF Hertz. Ta mudn tai tao X, (F) hodc x,(f) tir cic miu X (F)

Néu tin higu twong tw x,(¢) co giéi han thoi gian 14 I gidy va T, dugc chon dé
T. > 23 thi aliasing khong xay ra va phd X, (F) co thé dugc khoi phuc hoan toan tir cdc mau.
1.2.1.3 Ldy mdu tin hiéu 6 mién tan sé va tdi tao tin hig¢u roi rac

Xét mot tin hiéu roi rac khong tuan hoan x(7) c¢6 phép bién d6i Fourier:
X(w)= Y x(n)e’™ (1.17)

Gia str ta ldy mau X (@) tuan hoan tai cic diém cach nhau 0w rad. Vi X (®) tuan hoan
véi chu ky 277, chi c6 cac mau trong pham vi tan s6 co ban la can thiét. Dé thuan tién, ta léy N
mau cach déu nhau trong khoang 0 < @ < 27 theo khoang cach 6w =27/ N

Xét w=2mk/ N, ta duoc X(%k} = Zx(n)e’fz’”‘”m k=0,,..,N—1 (1.18)

n=-o0

Xét tin higu x, (n) = Z x(n —IN) nhan duoc bang cach lap lai tuan hoan x(7) tai moi

[=—0
N méiu, tin hiéu nay tuan hoan vé&i chu ky N, do d6 c6 thé duge trién khai theo khai trién
Fourier

N-1
xp(n)zWZX(%[k)eﬂ’”‘"/N, n=0,1,.,N-1 (1.19)
k=0
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Tl cong thie x,(n) trén, ta nhan thdy c6 thé khoi phuc tin hiéu x,(n) tir cc mau clia
phd X (@) . Nhu viy, ta phai tim ra mbi tvong quan giira x,(n) va x(n) dé c6 thé thuc hién
khoi phuc x(n) tr X (w)

Vi x,(n) 1a sy mo rong tuan hoan ciia x(7), nén x(n) c6 thé duge khoi phuc tir x,(n)
néu khong co aliasing & cdi thoi gian, nghia 1a néu x(n) c6 thoi gian gi¢i han nhé hon hodc bang

chuky N cua x, (n).

1.2.1.4 Cidc chudn ma héa am thoai trong cdc hé thong xir Iy thoai [7]

Chuan mé hoéa am thoai thong thudng dugc nghién ciru va phat trién boi mot nhom céc
chuyén gia di gianh hét thoi gian va tdm huyét thuc hién cac cong viéc kiém nghiém, moé phong
sao cho dam bao mot tdp cac yéu cau dua ra dap ing duoc. Chi ¢ cac t6 chirc v6i nguodn tai
nguyén khong 16 méi c6 thé thuc hién duge cac cong viée kho khian nay, thong thudng, thoi gian
t6i thiéu can thiét dé hoan thanh mot chuan trong truong hop gap nhiéu thuan loi trong qua trinh
1a khoang bon nam rudi.

Diéu nay khong c6 nghia 1a moét chuan duoc dua ra thi “khéng c6 16i” hodc khong can
phai cai tién. Do d6, cac chuan mdi luén ludn xuét hién sao cho t6t hon chuan cii ciing nhu phu
hop véi céc tng dung trong tuong lai.

Ho6i dong chudn 1a cac td chic c6 trach nhiém trong viéc giam sat viéc phat trién céac
chuan cho mot ung dung cu thé nao do6. Sau day 1a mot s6 hoi déng chuén nbi tiéng duoc nhiéu
nha cung cip san pham tuin theo

> Lién minh vién thong qudc té - International Telecommunications Union (ITU): Cac
chuan vién thong cua ITU (chudn ITU-T) c6 uy tin trong viéc dinh ra cic chuin ma hoa
am thoai cho hé théng mang dién thoai, bao gdm cac mang vo tuyén 1an hitu tuyén.

> Hiép hoi cong nghiép vién thong - Telecommunications Industry Association (TIA): c6
trach nhiém ban hanh cic chuin ma hoa thoai cho céc ung dung cu thé, 14 mot thanh vién
ctia Vién tiéu chuan qudc gia Hoa Ky - National Standards Institute (ANSI). TIA da thanh
cong trong viéc phat trién cac chuan sir dung trong cac hé thong tong dai té bao s6 Béc

M¥, bao gém cac hé thong st dung chudn da két phan thoi gian - Time division multiple

access (TDMA) va Pa truy nhap phan chia theo ma - Code division multiple access

(CDMA).

> Vién tiéu chuan vién théng chau Au - European Telecommunications Standards Institute

(ETSI): ETSI ¢6 cac hoi vién tir cac nudc cling nhu cac cong ty Chau Au, 13 t6 chice dua

ra cac chuan san xuat thiét bi tai Chau Au. ETSI dugc thanh 1ap bdi nhéom c6 anh huong

nhét trong lanh vuc ma hoéa am thoai 1a nhém di dong dac biét - Groupe Speciale Mobile

(GSM), da dua ra rat nhiéu chuan hiru dung va duoc trién khai rat nhiéu trén thé gisi

> B0 qubc phong Hoa Ky - United States Department of Defense (DoD). DoD ¢6 lién quan
dén viéc sang 1ap cac chuan ma hoa thoai, dugc biét dén voi cac chuan lién bang Hoa Ky

(U.S. Federal) dung nhiéu cho cac tmg dung quén sy

> Trung tdm phat trién va nghién ctru cac hé thong v6 tuyén cua Nhat Ban - Research and

Development Center for Radio Systems of Japan (RCR). Cac chuan té bao sb dugc phat

hanh bdi RCR.
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Bang 2.3 Céc chuin ma héa 4m thoai chinh

Nam Tén chuan Téc d6 bit truyén Céc ung dung

hoan (kbps)

thanh

1972* | ITU-T G.711 PCM 64 Str dung cong cong

1984° | FS 1015 LPC 2.4 Lién lac bao mat

1987° | ETSI GSM 6.10 RPE- 13 V6 tuyén di dong s6

LTP

1990° | ITU-T G.726 ADPCM 16, 24, 32, 40 Str dung cong cong

1990° | TIA 1S54 VSELP 7.95 H¢ thong thoai té bao sé TDMA
Bic My

1990° | ETSI GSM 6.20 VSELP 5.6 Hé théng té bao GSM

1990° | RCR STD-27B VSELP 6.7 Hé théng té bao Nhat

1991° | FS1016 CELP 4.8 Lién lac bao mat

1992° | ITU-T G.728 LD-CELP 16 Str dung cong cong

1993° | TIA 1S96 VBR-CELP 8.5,4,2,0.8 H¢ thong thoai € bao s6 CDMA
Bic My

1995* | ITU-T G.723.1 MP- 5.3,6.3 Lién lac ‘da phuong tién, di¢n

MLQ/ACELP thoai truyén hinh

1995° | ITU-T G.729 CS-ACELP 8 St dung cong cong

1996* | ETSI GSM EFR ACELP 12.2 Str dung cong cong

1996" | TIA 1S641 ACELP 7.4 H¢ thong thoai t€ bao s6 TDMA
Bic My

1997° | FS MELP 9.4 Lién lac bao mat

1999* | ETSI AMR-ACELP 12.2,10.2, 7.95, Str dung cong cong vién thong

7.40, 6.70, 5.90,
5.15,4.75

?1a dugc mé ta mot phan

® 1 dwoc giai thich day du

°1a dwoc mo ta ngin gon ma khong c¢6 mo ta ky thuat chi tiét

1.2.1.5 Kién tric ciia h¢ thong ma héa am thoai [8]

Hinh 1.17 mé ta so d6 khéi ciia hé thong ma hoa am thoai. Tin hiéu 4m thoai twong tu lién

tuc ¢o tir nguodn cho trudc s€ dugce s6 hoa boi bd mot bo loc chuan, bo lay mau (bd chuyén doi

thoi gian roi rac), va bg chuyeén tin hi¢u tuong ty sang tin hi¢u s6. Tin hi€u ngo ra 1a tin hi¢u am

thoai thoi gian roi rac véi cac gia tri lay mau cling roi rac hda. Tin hi€u nay dugc xem Ia tin hi¢u
am thoai so0.
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SPCMh—Fé Filter ! Sampler g A/D | ! Source g Channel |

SOUrce
converer encoder encoder

—» Channel

Churput

specch

—p{ Channel —p Source 3 DIA | p  Filter —p
Ed-.'x't‘dcj' decoder convener

Hinh 1.17 So dd khéi cua hé thdng xir Iy tin hiéu thoai

Thong thuong, hau hét cac hé théng m3 hoa am thoai duoc thiét ké dé hd tro cac ung dung
vién thong, voi tan s gii han giita 300 va 3400Hz. Theo 1y thuyét Nyquist, tan sé 1iy mau t6i
thiéu phai 16n hon hai 1an bang thong cua tin hiéu lién tuc thoi gian. Gia tri 8kHz thuong duoc lua
chon 14 tan s 1§y mau chuan cho tin hiéu thoai. B6 ma héa kénh thuc hién viéc ma hoa hiéu chinh
16i ctia chudi bit truyén trude khi tin hiéu dugc truyén trén kénh truyén, noi ma tin hiéu s& bi thay
ddi do nhiéu ciing nhu giao thoa tin hiéu.... B giai ma thyuc hién viéc hiéu chinh 16i dé co duge
tin hi€u da ma hoda, sau d6 tin hi¢u dugc dua vao bo giai ma dé co duoc tin hiéu am thoai s6 ¢
cung téc d6 véi tin hiéu ban dau. Luc nay, tin hiéu sé s& dugc chuyén sang dang tuong tu thoi
gian lién tuc. BO phan thyc hién viéc xu ly tin hi¢u thoai chu yéu cua mo hinh hé théng xur 1y thoai
12 bd ma hoa va giai ma. Thong thuong, khi xir 1y cac bai toan vé truyén thoai, mé hinh dugc don
gian hoéa nhu Hinh 1.18

Vi du tin hiéu thoai ngd vao 1a tin hi€u roi rac thoi gian c6 tbc do bit 1a 128kbps dugc dua
vao bd mi hoa dé thuc hién ma hoa chudi bit hodc thuc hién nén dit liéu thoai. Tdc d6 cua chudi
bit thong thuong s& c6 toc d6 thap hon téc d6 cua tin hidu ngd vao bd mi héa. B giai ma nhan
chudi bit ma hoa nay va tao ra tin hiéu thoai ¢ dang 1a roi rac thoi gian va co tde do béng voi toe
d6 cua tin hiéu ban dau truyén vao hé théng.

Input i Output
speech Encoder Decoder —ipp speech
(128 kbps) Encoded (128 kbps)
" bit-stream I
(<128 kbps)

Hinh 1.18 So d4 khéi don gian hoa ctia bd mé héa am thoai
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1.2.1.6 Kién triic tong qudt ciia b ma héa — gidi ma am thogi [9]

Input
PCM —FI Analysis and processing |
speech
¥ L4 ¥
Extract Extract Extract
and encode and encode and encode

parameter |

parameter 2

parameter N

Inchex Il Index 2 Index N
¥ ¥ Bit-stream
[ Pack l—b
Rit-stream » Unpack |
Index Il Index 2 Index N
¥ ¥
Drecode Decode Decode
parameter | parameter 2 parameter N
Svnthetic
v v L

specch

Hinh 1.19 Mb ta so d6 khéi tong quat ciia b ma hoa va giai ma am thoai.

Combine and processing

DPdi v4i bd ma hoa, tin hiéu 4m thoai dau vao duge xur ly va phan tich nham thu duoc cac
thong s dai dién cho mot khung truyén. Cac thong sd ngay dugc ma hoa va luong tir véi ma chi
s6 nhi phan va duoc giri di nhu 1a mot chudi bit da dwoc nén. Cac chi s6 nay duoc dong goi va
biéu dién thanh chudi bit, chung duoc sap xép thir tu truyén dya vao cic thong sd da quyét dinh
trudc va duoc truyén dén bo giai ma.

Inpan

PCM —bl Analysis and processing ‘
\j'.l('t"l.'h ........ l ................. l .......................... l ........
Extract Extract Extract
and encode and encode and encode
parameter | parameter 2 parameter N
Index ]l Index ll Index ."h'l
Bit-stream
| Pack }—P
Bit-stream Unpack |
Index 1 Index 1¢ Index .hi
11 r 1
Decode Decode | Decode
parameter | parameter 2 | | parameter V|
l Svnthetic
1 4
speech
I Combine and processing }—b

Hinh 1.20 M6 hinh chung ctia b ma héa am thoai. Hinh trén: by ma hoa, hinh dudi: bo
giai ma.

Bo giai mi thuc hién viéc phan tich chudi bit nhin dugc, cac chi sb nhi phan dugce phuc
hdi sau qué trinh phén tich va ding dé két hop véi cac théng sb tuong Gmg cua b giai ma dé cd
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duogc cac thong s6 da duoc lugng tir. Cac thong sb giai ma nay s& két hop véi nhau va dugce xir Iy
dé tao lai tin hiéu Am thoai téng hop.

1.2.1.7 Cidc yéu cau cdn cé ciia mét bg ma héa am thoai [10]

Muc tiéu chinh ciia ciia ma hoa thoia 13 t6i da hoa chat lwong nghe tai mot tdc dd bit nao

d6, hodc tdi thiéu hoa tdc do bit ung voi mot chét lugong dac thu. Tbc do bit twong ung vdi am

thoai nao s€ duoc truyén hoac Iuu trit phu thudc vao chi phi cia viéc truyén hay Iuu trit, chi phi

cua ma hoa tin hiéu thoai s0, va cac yéu cau vé chat lugng ciia am thoai d6. Trong hau hét cac bo

ma hoa 4m thoai, tin hidu dugc xay dung lai s& khac véi tin hi¢u nguyén thuy. Tc do bit truyén bi
giam boi viéce biéu dién tin hiéu 4m thoai (hodc cac thong $6 trong mo hinh tao am thoai) véi do
chinh x4c bi giam, va boi qua trinh loai bé cic thong tin du thira cua tin hiéu. Cac yéu cau ly
tuong cia mdt bd ma hoa thoai bao gém:

>

1.2.2

Tdc do bit thap: d6i voi chudi bit ma hoa c6 toe bit ti 18 thuén véi bang thong can cho
truyén dit liéu. Piéu nay dan dén néu tdc do bit thp s& lam tang hiéu suit ctia hé thong.
Yéu cau nay lai xung dot vdi cac cac dac tinh tdt khéc cua hé théng, nhu 1a chat luong cua
am thoai. Trong thuc té, viéc danh d6i gitra cac lga chon phu thudc vao ap dung vao ing
dung gi.

Chat lugng thoai cao: tin hiéu am thoai da giai ma phai co chét lugng cé thé chép nhan
dugc ddi v6i tng dung can dat. Co rat nhiéu khia canh vé mit chat lugng bao gom tinh dé
hiéu, tu nhién, d& nghe va ciing nhu ¢6 thé nhan dang ngudi néi.

Nhan dang tiéng noi / ngon ngit khac nhau: ki thuat nhan dang tiéng noéi co thé phan biét
dugc giong nodi ciia ngudi 16n nam gidi, nguoi 16n nir gidi va tré con cling nhu nhan dang
dugc ngon nglr ndi cia ngudi nodi.

Cuong d6 manh ¢ trong kénh truyén nhiéu: day 1a yéu t6 quan trong ddi véi cac hé thong
tmyén thong s6 v6i cac nhiéu anh huong manh dén chat lugng cua tinh hi€u thoai.

Hiéu sut cao ddi voi cac tin hiéu phi thoai (vi du nhu tin hi€u tone dién thoai): trong hé
thdng truyén dan kinh dién, cac tin hiéu khac c6 thé ton tai song song véi tin hiéu am
thoai. Céc tin hidu tone nhu 1a da tan tone d6i — Dual tone multifrequency(DTMF) cua tin
hi¢u am ban phim va nhac thong thuong bi chén vao trong duong truyén tin hi€u. Ngay ca
nhitng by ma hoa thoai tde do thép cling c6 thé khong thé tao lai tin hiéu mot cach hoan
chinh.

Kich thuéc bd nhé thap va do phtc tap tinh toan thap: nhim muc dich sir dung duoc bo
ma hda am thoai trong thuc té, chi phi thuc hi¢én lién quan dén viéc trién khai hé théng
phai thép, bao gém ca viéc bo nh can thiét dé hd trg khi hé théng hoat dong cling nhu cac
yéu cu tinh todn. C4c nha nghién ctru ma héa 4m thoai di nd lyc trong viéc tim kiém hién
thuc bai toan trién khai trong thyc tién sao cho co6 hiéu qua nhat.

Do tré ma hoa thap: trong qua trinh xtr Iy ma hoa va giai ma thoai, do tré tin hiéu ludn
ludn ton tai, chinh 1 thoi gian trugt gitra am thoai ngd vao cia by ma hda véi tin hi¢u ngd
ra cua bo giai ma. Viéc tré qua mirc s& sinh ra nhiéu van dé trong vi¢c thuc hién trao ddi
tiéng néi hai chiéu trong thoi gian thyc.

Céac m6 hinh dung trong xir ly am thanh [11]

1.2.2.1 Mé hinh quang phé
1.2.2.1.1 Mo hinh sin
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Tin hiéu 4m thanh c6 thé dugc trién khai tir tap hop cac mo hinh sin néu nhu co ¢ dang

y(t)= Z 4, (e (1.20)

t
Voi ¢.(t) = Icoi (r)dt, A.(f)va @,(t) la thanh phan bién d va tan sb tuong tmg clia

thanh phﬁn sin thr 7. Trong thuc té, tin hiéu dugc xem xét 1a tin hiéu roi rac thoi gian thuc, nhu
vay ta co thé viét lai

y(n) =34, () cos(@, () a2

Véi ¢, (n) = nja)l. (r)dt +¢,,. (1.22)

V& co ban, néu nhu I ¢ gia tri vo cung lon, thi bAt ctr tin hiéu 4m thanh nao cling co thé
dugc trién khai tir mo hinh sin, phép tinh gan ding dugc ap dung tinh toan trong mo hinh nay.
Thuc té, tinh hiéu nhiéu cling duogc trién khai thanh vé sb cac tin hiéu sin, va ta tach viéc xur ly

riéng tin hidu nay thanh phan xir Iy Stochastic (A ) dugc ky hiéu la e(n).

y(n) = iAi(n)cos(Q. (n))+ e(n) (1.23)

A

r
Thanh phan A c¢6 thé duoc tinh bang phép bién d6i Short-Time Fourier str dung luu d6 &
hinh 1. Phuong phéap nay dugc tng dung trong cac phan mém sms, viét tit ctia tong hop mo hinh
phd - spectral modeling synthesis.

Poak Magnitude trajectory
- 1ﬂ C
sound _ magnitudg . Frequency irajectory
FET hame Detection _
T pha: and Phase trajectory
Analysis Continuation S
Window

Additive
Synthesis

_ _ Deterministic
Smoothing window Component

residual

Spectral
Fitling

Filter Noise
Coefficients Level

Hinh 1.21 Phan tich cac thanh phan hinh sin ctia phan stochastic
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Phat hién dinh va ghép (Peak detection and continuation): dé thuc hién viéc phan tich
céc thanh phan hinh sin tir tin hiéu thing du, ta phai tim dugc va ghi cha lai cac dinh tan s noi
troi, tirc 1 cac thanh phan hinh sin nim vai tro chinh trong cong thirc phan tich dugce. Mot chién
thuat duoc sir dung dé thuc hién didu nay 1 v& “bang chi dan” trong cic khung STFT.

Dé thuc hién viéc phan chia phan nao 1a tin hiéu, phan nao 1a nhiéu, cac tan s6 va pha phai
duoc xac dinh mét cach chinh xac. Ngoai ra, dé qua trinh téng hop lai hai tin hi¢u d6 dugc don
gian, bién d6 cua cac thanh phan nén dugc ndi suy gitta cac khung tin hiéu, va phép noi suy tuyén
tinh thuong duge s dung. Céc tan sd ciing nhu pha cia tin higu ciing ¢6 thé dwoc ndi suy, tuy
nhién can phai luu y 1a phép ndi suy tan s6 cé anh hudng chit ché dén phép noi suy pha.

Téng hop lai cac thanh phan sin: Trong giai doan tong hop lai, cac thanh phan sin c¢6 thé
dugc tao boi bat ky phuong phap nao nhu may tao dao dong sd, may tao dao dong bang song hoic
tong hop lay mau bang song, hodc ki thuat dua trén co s& FFT. K§ thuat FFT dugc st dung nhiéu
do tinh tién loi khi tin hi¢u ¢6 nhiéu thanh phan hinh sin.

Trich tin hiéu thing dw (Extraction of the residual): Viéc trich pho cua tin hiéu nhidu
thang du c6 thé duoc thuc hién & mién tan (dugc mo ta trong hinh 1) hodc truc tiép tr mién thoi
gian.

Sw hiéu chinh phé thing du (Residual spectral fitting): thinh phan stochastic duoc mo
hinh héa 1a tin hiéu nhiéu bang rong, dugc loc bai khdi dic trung tuyén tinh. Pho cuong do cua tin
hiéu thang du c6 thé duoc x4p xi biang gia tri trung binh cua ham piecewise-linear. Viéc tong hop
trong mién thoi gian co thé duoc thuc hién béng phép dao FFT, sau khi da 4n dinh dugc mot tap
cuong d6 mong mudn va mot tap pha ngau nhién.

Hiéu chinh Am thanh: md6 hinh sin 1& mdt mé hinh htru dung vi né cho phép ap dung viéc
truyén cac am thanh nhac l'fly tur viée ghi bang thuc té. Hinh 1.22 md ta mot cac bude thuc hién
cho viéc hiéu chinh tin hiéu 4m nhac

Frequency Frequency o )
—_— ) o Deterministic {sinusoidal
Musical Additive Part
- Transformations _ Svnthesis
_Magnitude Magnitude !
Sound
Control
MNoise
Intensity
Musical Subtractive
Coefficients Transformations Spectral Shapd Synthesis Stachastic
Part

Hinh 1.22 Co cau t6 chtic cho viéc bi€u dién viéc truyén tin hi¢u am nhac

1.2.2.1.2 Tin hiéu sin + nhiéu + not dém

Trong md hinh sin + nhiéu, diéu co ban 1a cac tin hiéu 4m thanh 1a tong hop ciia nhiéu tin
hiéu sin tan s6 thap va cac loai nhiu bang rong hau nhu ¢ dang tinh. Khi d6, mot thanh phan cua
am thanh khong dugc xem xét dén, d6 1a ndt dém. Viéc hiéu chinh Am thanh c¢6 thé duge thuc
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hién dé dang bang cach tach riéng thanh phan nét dém dé xét riéng. Thyc té, hau hét cac dung cu
am nhac mé rong truong d6 ciia mot ndt nhac khong lam anh hudng dén chat luong xt 1y.

Vi ly do nay, mot mé hinh mai 1a sin + nhiéu + nbt dém duoc phat hoa dung trong vi¢c
phan tich am thanh. Y tuong chinh cua viéc trich &m dém trong thuc té tir viéc quan sat rﬁng, cac
tin hi€u hinh sin trong mién thoi gian dugc anh xa qua mién tan thanh céac dinh c6 vi tri xac dinh,
trong khi d6 cac xung ngan ddi ngiu trong mién thoi gian khi duoc anh xa qua mién tan lai cé
dang hinh sin. Nhu vdy, mé hinh sin c6 thé duoc ing dung trong mién tan sé biéu dién cac tin
hiéu hinh sin. So dd cua viée phan tich SNT dugc mo ta trong Hinh 1.23.

Transients

Sound Sinu=cidal
Mudzlling

@ . Sinuscidal -1 Sy Moisa Moise
Mexdelling A Modelling [

Sines
N
i

|

|
i
|
1

— Transient Detector

Hinh 1.23 Phan tich tin hiéu 4m thanh theo mé hinh sin + nhiéu + n6t dém
Khéi DCT trong Hinh 1.23 mo ta hoat dong cua phép roi rac cosin.
Phép bién d6i, duoc dinh nghia nhu sau:

2n+ l)kﬂJ (124)

e
C(k)—anz(;x(n)cos( 3T

Phép bién doi DCT thyc hién viéc mot xung dugc bién ddi thanh dang cosin va nguoc lai.
1.2.2.1.3 Mo hinh LPC

M3 hoa dy doan tuyén tinh c6 thé duge st dung dé mé hinh phd tinh. Tong hop LPC duoc
mo ta trong luu dd trong Hinh 1.24. V& ban chit, m6 hinh chinh 1a giai thuat trur téng hop thuc
hién mot tinh hiéu ¢co phé “dac” duoc loc boi mot bod loc cuc. Tin hiéu kich thich ¢ thé su dung
chinh tin hiéu thing du e c¢6 duoc qua qua trinh phén tich, hodc c6 thé dir dung cac thong tin cta
tin hi¢u thoai/phi thoai.

i.:|.1 § oeees i."'I]

g —t

| Excitation Allpole

pitch — :
svnthesis

Filter

vinoy —=t

EMS amplitude

Hinh 1.24 Téng hop LPC
1.2.2.2 Mé hinh mién thoi gian

Viéc mo ta am thanh trong mién tan rat cé hi¢u qua, tuy nhién trong mot vai tmg dung, dé
tién viéc nghién ctru viéc tong hop am thanh, viéc phan tich trong mién thoi gian lai ¢ wu thé hon.
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1.2.2.2.1 May tao dao déng s6

Ta nhan thdy mot am thanh phiic tap duoc tong hop tir nhiéu thanh phan hinh sin bang
phép tong hop FTT™'. Néu nhu cac thanh phan hinh sin khéng qua nhiéu, viéc tong hop timg thanh
phan duoc thuc hién bing cach 13y gié tri trung binh ctia may tao dao dong sb.

ejaio(rﬁ—l) — eja)oej{uon (125)
Véi " = x,(n)+ jx,(n)& dang s phic, mdi budc nhiy thoi gian duge dinh nghia
nhu sau:
X, (n+1) =cosw,x,(n)—sinw,x,(n) (1.26)
x,(n+1) =sinw,x,(n) + cosw,x,(n) (1.27)

Thong s6 bién do va pha ban dau c6 thé tinh dua theo pha ban dau e’*° va thuc hién viéc
léch pha vao s6 mil. Tin higu x,(n +1) co6 thé dugc tinh theo cong thirc sau
X,(n+1)=2cosw,x,(n)—x,(n—-1) (1.28)
bép tng xung cua bd loc nhu sau
1 i 1
1-2coswz ' +z° (1 — g i Xl — e )

H,(2)= (1.29)

Gia tri cyc cua bd loc biéu thirc 10 nam trén chu vi dudng tron don vi.
Goi x,,, X, la hai bién trang thai cua hai mau triroc d6 cua tin hiéu ngo ra x,, pha ban

dau @, 6 thé duogc tinh theo hé phuong trinh sau

x,, =sin(g, — o, ) (1.30)
X,, =sin(¢, —2m,) (1.31)
May tao dao dong sb dic biét hitu ich trong viéc biéu dién téng hop tin hi¢u ddi véi cac bo
vi xtr Iy da muc dich, khi cac phép toan trén dau chim dong duoc trién khai. Tuy nhién, phuong
phap nay dung cho viéc tao tin hiéu sin ¢6 hai bat loi:
= Viéc cip nhat thong s6 yéu cau tinh toan trén ham cosin. Py 1a mot diéu khé ddi voi
diéu ché toc 6 am thanh, do phai thyc hién phép tinh cosin tmg véi timg mau trong
mién thoi gian
= Thay d6i tAn sé cua may dao dong sé s& lam thay d6i bién do tin hiéu sin. Khi d6 bd
phan logic diéu khién bién d6 can duoc su dung dé diéu chinh han ché nay.
1.2.2.2.2 May tao dao dong bang song
Trong phuong phéap kinh dién va linh dong nhat vé tong hop cac dang song c6 chu ky (bao
gém tin hi¢u dang sin) 1a viéc doc lap di 1ap lai mot bang chira ndi dung ctia mdt dang song da
duoc luu trir trude. Néu dang song duoc tong hop ¢ dang sin, dbi xtmg thi viée luu trit cho phép
chi can lwu trir % chu ky, va viéc tinh toan s6 hoc s& duoc noi suy cho ca chu ky.
bat buf [ ] la bo dém c6 ndi dung chira 1a chu ky ctia dang song, hoac bang dang song.
May tao dao dong dang song hoat dong 13p lai theo chu ky quét bang dang song 1a boi sd cua gia
s6 I va doc noi dung ctia bang dang song tai vi tri do.
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Goi B la chiéu dai ciia bd dém, f 1a tan s6 ma ta muon tao tan so lay mau F,, khi do gia

tri cua gia s6 1 1a:

= (1.32)

Sw thay déi tin sb lf'ly miu
Bai toan thiét ké may tao dao dong bang song c6 thé chuyén thanh bai toan thay ddi tan s6

lay mau, vi du nhu bién d6i tin hiéu dugc lay mau tai tan s6 lay mau F | thanh tin hi¢u duoc lay

X s LA A A s,2 L 7. \ \ I3 A A A .9 A A
mau tai tan s6 F, ,. Néu =—,v6i L va M 1a cac s6 nguyén toi gian, viéc thuc hién thay

s,1
d6i tan s6 1y mau co6 thé dugce nhu hién bang cac budc:
1. Tang tAn sb 14y mAu bang hé sé L
2. St dung bo loc thong thap

3. Giam tan so6 lay mau bang hé s6 M

xi(n) r X ¥ vim)
L

hin) L M
F F_L F_L F . L/M

] ]

Hinh 1.25 So d6 khdi phan ra ctia qua trinh thay doi tan sé 1y mau

Rl

F: -Fu 0 FuF2 Fe ¥ f
if)

-F, -F, 0 Fy’ T AZF, . f

Hinh 1.26 Vi du vé thay ddi tan s 1dy mau véi L/IM =3/2
1.2.2.2.3 Téng hop ldy mdu bang séng

Téng hop lay miu bang song 1a phan mé rong cia may dao dong bang song ddi véi
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e Dang song phan tich khong phai dang sin
e Bang dang séng duoc luu trit v6i nhiéu chu ky

Céc tin hiéu diéu khién rat quan trong trong vi¢c nhan dugc am thanh ty nhién
1.2.2.2.4 Téng hop hat (véi Giovanni De Poli)

Céc bang séng ngan c6 thé dugc doc voi nhidu toe dd khac nhau, va két qua 1a am diéu c6
thé chdng chéo vao nhau trong mién thoi gian. Trong phuwong phap mién thoi gian, viée tong hop
4m thanh nay dugc goi 13 tong hop hat. Tong hop hat bat dau tir ¥ tuong viéc phéan tich 4m thanh
trong mién thoi gian duoc thay thé bang biéu dién chiing thanh mot chudi cac thanh phan ngin
duoc goi 1a “hat”. Cac thong s6 cua ky thuat nay la cac dang song ctia hat thtr g, (), vi tri trong
mién thoi gian /, va bién do a,

sg(n)zZakgk(n—lk) (1.33)
k

Khi sb luong “hat” 16m, thi viéc tinh toan s€ tré' nén phuc tap. Tinh chét cua cac hat va cac
vi tri trong mién thoi gian quyét dinh 4m sic ciia 4m thanh. Viéc lua chon cac thong s6 tiy thudc
vao céc tiéu chuan dua ra boi cac md hinh thé hién. Viée lya chon cac mo hinh biéu dién lién quan
dén cac qua trinh hoat ddng ma cic qué trinh ndy c6 thé anh hudng dén 4m thanh nao d6 theo
nhiéu cach khac nhau.

Loai co ban va quan trong nhét cua tong hop hat (tdng hop hat bat ddng bo) 1a phan phdi
cac hat khong theo quy luat trong mién tan s6 -thoi gian. Dang song hat c6 dang

g,()) = w,(i)cos(2f,Ti) (1.34)

Véi @, (i) 14 ctra s6 c6 chiéu dai la d mau, dung dé diéu khién nhip thdi gian va bing tan
phod f,.
1.2.2.3 Cdc mé hinh phi tuyén
1.2.2.3.1 Diéu pha va diéu tan

K§ thuat tong hop phi tuyén thong dung nhét 13 diéu tan (FM). Trong lién lac thong tin,
FM dugc dung trong cac thap ky gan ddy, nhung tmg dung cta né trong giai thuat tong hop am
thanh trong mién thoi gian r0i rac duoc biét dén vai cai tén John Chowning. Vé ban chat,
Chowning da thuc hién cac nghién ctru trén cac pham vi khac nhau cua viéc tao tiéng rung bang
cac by tao dao dong don gian, va thu dugc két qua la céc tan sb rung nhanh s€ tao ra céac thay ddi
déy kich tinh. Nhu vay, diéu ché tin s6 cua mot may tao dao dong ciling du tao ra tin hi¢u am
thanh c6 ph phirc tap. M6 hinh FM ctia Chowning nhu sau:

x(n) = Asin(an + I'sin(w,n))= Asin(w,n +¢(n)) (1.35)
Véi w, 1a tan s6 séng mang va o, la tan s6 diéu ché, I 1a chi sé diéu ché. Phuong trinh

(16) thuc té ciing 1a phuong trinh diéu pha. Tan s6 tirc thoi ctia phuong trinh (16)
on)=w, -1, cos(a)mn) (1.36)
Hoac: f(n)=f —1If, cos2nf, n) (1.37)
Hinh 1.27 md ta viéc trién khai pd cua giai thuat FM don gian. Tan s6 diéu ché dugc

dung dé diéu khién truc tiép bd tao dao dong, trong khi tin sb séng mang dung dé diéu khién bd
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tao pha don vi, tao pha theo chu ky. Véi tan s6 song mang, tan s6 diéu ché va chi s6 diéu ché cho
trude, ta c6 thé dé dang du doan cac thanh phan & phd tan sé ctia 4m thanh két qua.

ba asp [ fat aep ol
OFF
modulation .. q.13tion index [ f/\/_\l
carrier I[requency in hundredths | |

frequency [7g D)

100 S
carrier - 100 e t
phase --> hasor~ 0 e

*

PHASE HODULATION ("FHM") USING THO OSCILLATORS

phgsf 4 anpl itude-controlled modulation
MBEULALLOLI S oscillator output

output . To do phase modulation, we split a "carrier oscillator®

waveform --» jog~ m -- c¢lick to graph into ite phase calemlation (phasor~) and its waveform
_ locokup {cos~). These together would be equivalent to an

tabwrite~ fm-output P 92 .

|_ P osc~ object, but the "+~" hetween them adds ancther

m {__ output amplitude oscillator's output to the phase.
You will get the bhest graphs hy choosing reasonably low
[pfl_output]

ptl output|<-- as in previous patch carrier and medulation frequencies (50-100, say). The
modulation index is usnally hetween 0 and 1 (which means
the contrel will typically rangs from 0-100}).

updated for Pd wersion 0.33

Hinh 1.27 Phan trién khai phan phdi pd cua diéu pha.
Viéc phan tich dya trén déc tinh luong giac
x(n) = Asin(e,n + I sin(w,n))
: al : £z (1.38)
= A3 J,(I)sin(@,n)+ Y J, (I)[sm((a)c +ko, n)+(-1) sin((o, - ko )n)]
%/—J

m
k=1

carrier

side— frequencies
Voi J,(I) 1a bac thtr k£ cta ham Bessel. Cac ham Bessel dugc vé& trén hinh 9 tng voi

nhiéu gia tri k& trén truc so luong side-frequencies va gia tri 1 trén truc chi s6 diéu ché.
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Hinh 1.28 Cac gia tri cua ham Bessel.
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Bing thong co gia tri xap xi bang
BW =2(1+0.241" o, ~ 210, (1.39)

1.2.2.3.2 Mbéo phi tuyén

Khai niém tong hop am thanh bang méo phi tuyén — Nonlinear distortion (NLD) rat don
gian: ngd ra ciia mach tao dao dong dugc dung nhu 13 théng sb ciia mot ham phi tuyén. Trong
mién thoi gian rdi rac s6, ham phi tuyén dugc luu trit trong mot bang, va ngd ra ctia b dao dong
dugce dung nhu 14 chi sé dé truy nhap vao bang. Piéu thi vi cia NLD 1a 1y thuyét nay cho phép
thiét ké mot bang méo cho boi cac dic diém ki thuat cuia mot phé mong mudn.

Néu bd tao dao dong co6 dang tin hi€u sin, ta co thé tinh toan NLD nhu sau

x(n) = Acos(w,n) (1.40)

y(n) = F(x(n)) (1.41)
Véi ham sb phi tuyén, dung da thirc Chebyshev. Pa thitc Chebyshev cip d6 1 dugc dinh
nghia d¢ quy nhu sau:

T,(x)=1 (1.42)
T(x)=x (1.43)
T (x)=2xT, ,(x)-T,,(x), (1.44)
va c6 tinh chat:
T (cos@)=cosn@ (1.45)

Nhu véy, voi tinh chit (31), néu ham méo phi tuyén 1a da thirc Chebyshev cap do m, gia
tri ngd ra y c6 dugc bang cach st dung by dao dong sin x(n)=cosm,n, nhu viy
y(n)= cos(ma)on) 12 hai bac m cua x.

Phé ctia y(n) voi:
y(n)y=>Y_h, cos(kw,n) (1.46)
k
la:

F(x)= > I T,(x) (1.47)

Ngoai cac mo hinh trén, cdc mé hinh vat 1y cling dugc ap dung trong viée tong hop, xur 1y
am thanh nhu mach dao dong vat 1y, mach dao dong d6i va mach phan phéi cong hudéng mot
chiéu
1.2.3 M0 hinh thoi gian roi rac [12]

Trong hau hét cac truong hop lién quan dén xir Iy thong tin, viéc biéu dién tin hiéu sao
cho dam bao tinh tién loi trong phan tich ma van khong lam mét di tinh chét cua tin hidu 1a diéu
ma cac nha khoa hoc quan tim. Séng am thanh xudt phat tir 16 n6i ctia ngudi c6 tinh chét tu nhién
va ngau nhién nhét. Phan tich toan hoc thuan tién nhit 1a xem song am thanh 1a mot ham s6 theo

bién thoi gian ¢ . Ta ky hieu x,(¢) 1a dang séng tuong tu theo thoi gian 7.
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Hinh 1.29 Biéu dién tin hiéu 4m thoai

Trong gi4o trinh nay, ta dung ky hiéu x(n) mé ta cho chudi s6. Trong truong hop lay
mAu tin hiéu 4m thoai, mot chudi co thé dwge xem nhu 1 mot day cac mau cua tin hiéu tuong tu
dugc 14y mau mot cach déu din véi thoi gian 1ay mau 1a T, khi d6 tin hiéu sau khi iy mAu duogc
ky hiéu boi x,(nT"). Hinh 1.1 mo ta mét vi du cua viée tin hiéu 4m thoai dugc biéu dién & ca hai
dang 1a tin hi€u twong ty va dang chudi cac mau dugc léy mau & tan sb 1a 8kHz.

Xung don vi dugc dinh nghia nhu sau:

o(n)=1n=0
= 0 nguoc lai (1.48)
Chudi bude don vi duoc ky higu
u(n)=1n2>0
=0n<0 (1.49)
Ham mi
x(n)=a" (1.50)

Neéu a ¢ dang so phuc, a =re’™ , thi

x(n) =r"e™" =r"(cosw,n+ jsin w,n) (1.51)
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Hinh 1.30 (a) Ly mau don vi, (b) don vi budc, (c) ham mil thyc va (d) ham sin suy giam

x(n)

T ]

WV,

yn)=T [u[ni]

{a}

]

xln)

—>

y(n)

(b)

Hinh 1.31 So dd khdi (a) hé théng don ngd vao/don ngd ra; (b) hé théng don ngd vao/da ngd ra

Khi h¢ thong gdm nhi€u ngo ra, tin hiéu chudi ngd ra sé dugc biéu dién bang mot vector

duoc mo ta nhu ¢ Hinh 1.31.

Hé thong tuyén tinh dich bat bién 13 hé thdng dic biét hitu dung cho viéc xu 1y tin hiéu 4m
thoai. Hé théng dugc dic trung boi dap tmg xung, A(n), khi d6 tin hiéu ngd ra dugc tinh boi

cong thirc

CuuDuongThanCong.com
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y(n)= i h(k)x(n—k) = h(n)*x(n) (1.52b)

véi * 1a phép chap hai tin hi¢u
1.3 LY THUYET VA CAC BAI TOAN CO BAN

1.3.1 Phan tich dy doan tuyén tinh [12]

Dy doén tuyén tinh (Linear prediction, viét tit 1a LP) 1a mot phan khong thé thiéu ciia hau
hét tt ca giai thuat ma hoa thoai hién dai ngay nay. Y tuong co ban 1a mot mau thoai c6 thé dugc
xap xi bang mot két hop tuyén tinh ciia cac miu trong qua khar. Trong mot khung tin hiéu, cac
trong s6 ding dé tinh toan két hop tuyén tinh dugc tim bang cach t6i thiéu hoa binh phuong trung
binh 18i du doan; cac trong ) téng hop, hodc cac hé s6 du doan tuyén tinh (LPC) dugc dung dai
dién cho mot khung cu thé.

Trong phz‘in chuong 3, su sép Xép LP theo hé théng dua trén moé hinh nguoc tu dong

Trong thyc té, phan tich du 1a mot tién trinh udc luong dé tim cac thong sb cua AR, ma
cac thong sb nay duoc cho boi cac mau cua tin hiéu. Nhu vay, LP 1a mot ki thuat nhan dang véi
cac thong s6 cua mot hé théng duoc tim tir viéc quan sat. Voi gia dinh 1a tin hiéu thoai dugc mo
hinh nhu 14 tin hiéu AR, diéu nay da dugc chiing minh tinh ding dén cua no trong thuc tién.

Mot cach biéu dién LP khéc 1a phuong phéap udc luong phd. Nhu di trinh bay ¢ trén, phan
tich LP cho phép viéc tinh toan cac thong sb ciia AR, dd dugc dinh nghia trong mét do phd cong
suat (PSD) cua chinh ban than tin hiéu. Bang cach tinh todan LPC ctia mot khung tin hiéu, ta c6 thé
tao ra mot tin hiéu khéc theo cach thirc c6 ndi dung phd gan nhu trong dong véi tin hidu gde.

LP ciing c6 thé duoc xem nhu 13 mot qué trinh loai bé cac du thira khi thong tin bi 1ap lai
trong mot sy trudng hop can khir. Sau cing, viée truyén dit liéu co thé khong can thiét néu nhu dir
lidu can truyén co thé duoc dy doan trude. Bang cach thirc chuyén chd cac du thira trong mot tin
hiéu, s lwong bit can thiét d& mang thong tin s& it hon va nhu thé s& dat dugc muyc tiéu nén dir
ligu.

Trong phan nay s& dé cap dén bai toan co ban ctia phan tich LP da duogc dinh rd, két hop
v6i viée hiéu chinh lai cho phu hop theo hudng cac tin hi¢u dong, ciling nhu vi du va cac giai thuat
can thiét cho qua trinh du doan tuyén tinh.
1.3.1.1 Bai todn dw dodn tuyén tinh

Du doan tuyén tinh dugc mo ta nhu 1a mot bai toan nhan dang hé théng, voi cac thong )
ctua mQt mo hinh AR dugc udc lugng tir ban than tin hi€u. M6 hinh dugc trinh bay & Hinh 1.32.
Tin hiéu nhiéu trang x[n] duoc loc boi qua trinh tong hop AR dé c6 duoc tin hiéu AR s[n], véi
cac thong s6 AR duge ky hiéu 1a a,. Dy doan tuyén tinh thyuc hién udc doan s[n] dwa vaio M

mau trong quéa khi:
~ M
gln] :—Z as[n—i] (1.53)
i=l

Véi a,la cac ude lugng cua cac thong so AR duge xem 1a cic hé s6 du doan tuyén tinh

(LPC). Hang s6 M trong cong thirc 1a bac du doan. Nhu vy, viée dy doan du trén td hop tuyén
tinh cia M mau trong qua khir ctia tin higu, chinh vi thé viéc dy doan mang tinh tuyén tinh. L3i
du doan dugc tinh bang cong thic:
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e[n]=s[n]— ;[n] (1.54)

AR Predicted
signal signal
| s[n] i s §|n
X[ 11— - - ~ e
White 1+ 4.2 |
noise -
AR process Predictor -
synthesizer
............ i + eln]
Signal source Prediction

error

Hinh 1.32 H¢ théng nhén dang duoi dang du doan myén tinh

s[m] = P cln]

1
> @ -

|
Z a,

»>

Hinh 1.33 B0 loc 16i du doan
L&i du doan chinh 1a do sai biét gitra mau that sy va mau ude luong. Hinh 1.33 mo ta luu
dd tin hiéu thue hién bo loc 15i du doan. Bo loc co ngo vao la tin hi¢u AR va ngd ra chinh 1a tin
hiéu 16i du doan.

Toi thiéu hod loi

A

Bai toan nhan dang hé thong bao gom viéc wdc lugng cac thong sé AR a; tir s[n]. Dé
thuc hién viéc ude lugng, tieu chuén phai duoc thiét 1ap. Trong d6, binh phwong trung binh 15i du
doan duoc tinh bdi cong thire:

J =E{e[n]j=E (S[n] + f:ais[n - i]) (1.55)

Pugc tdi thiéu héa bang cach lya chon LPC thich hop. Thong s6 LPC tdi wu c6 thé duge

tim bang cach thiét 1ap cac dao ham riéng phan cia J khi a, tién t6i zero:
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o ZE{(s[n] + i a.s[n— i]js[n - k]} =0 (1.56)

8a k i=1

Voi k=1,2,...,M , khi (4.4) xay ra thi a, = cAzl., lac nay LPC chinh bang cac thong sb
AR.
Do loi du dodan

b4 loi du doan cua bo dy doan dugc cho boi cong thic

PG = 101og10[0~* J = 101og10(§ I [”]}j (1.57)
(o)

2 ez[n]

e

La ti sb giira bién tin hiéu ngd vao va bién cua 156i du doan theo don vi decibels (dB). Do
loi du doan 1a thong s do luong chat lugng cua b du doan. Mot bd dy doan tét hon c¢6 kha ning
tao ra 16i du doan nho hon véi d6 loi cao hon.

Téi thiéu héa binh phwong trung binh 16i dw dodn

A

T Hinh 1.33, ta c6 thé nhan xét khi a, = a,, thi e[n]=x[n]; nhu vy 13i du doan twong
tu nhu dung tin hiéu nhiéu tring dé tao ra tin hiéu AR s[n]. Pay 1a trudng hop tdi vu khi 15i binh
phuong trung binh dugc tdi thiéu hoa, véi

J,. = El[nl}= E{x’[n]}=c" (1.58)

Khi d6, d6 loi du doan dat gia tri 1én nhét.

Diéu kién tdi wu co thé dat dugc khi bac cua bd du doan 16n hon hodc b@ing bac cua qua
trinh t6ng hop AR. Trong thuc té, M thudng 14 s6 chua biét trude. Mot phuong phap don gian dé
¢6 thé ude luong duge gia tri M tir tin hiéu ngudn 13 vé& biéu dd do loi du doan nhu 13 mot ham
cua bac du doan. V&1 phuong phap nay, ta c6 thé quyét dinh dugc bac cia dy doan tng véi do loi
bao hoa, khi d6 khi tang bac du doén thi d¢ loi khong tang. Gia tri cia bac dy doan tai diém thoa
dicu kién bao hoa nay dugc xem la gid tri udc lugng tot nhat cho bac cua tin hi¢u AR.

Sau khi da x4c dinh dugc gid tri M, ham chi phi J dat gid tri t6i thiéu khi @, =a,, din dén
e[n] = x[n]. Va khi d6, 15i du doan s& bang véi gia tri tin hiéu dau vao cua bo tong hop qua trinh
AR.

1.3.1.2 Phan tich dw dodn tuyén tinh cho tin hi¢u dong

Tin hiéu thoai trong thyc té 13 tin hiéu dong, nén LPC phai duoc tinh tng véi timg khung
tin hi¢u. Trong mot khung tin hi€u, mdt tdp LPC dugc tinh toan va dung dé dai dién cho cac thude
tinh cua tin hi¢u trong mot chu ky cu the, voi gia dinh rang so li¢u thong ké cua tin hi€u van
khong thay doi trong mdt khung. Qua trinh tinh todn LPC tir dir li€u tin hi€u dugc goi 1a phan tich
du doan tuyén tinh.

Bai toan du doan tuyén tinh cho tin hi¢u dong dugc phat biéu lai nhu sau: day la bai toan
thuc hién viéc tinh cac gia tri LPC tng vé6i N diém dir lidu véi thoi gian két thuc 1a m:
s[m—N+1], sfm—N +2], ..., s[m]. Vector LPC duoc viét nhu sau:

a[m]: [a1 [m] a, [m] a, [m]]T (1.59)
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V6i M 1a bac du doan

Do loi duw dodn
Do loi du doan ctia by dy doan duoc cho bdi cong thire

Y 5[]
PG[m]=10log,,| = (1.60)

>e’[n]

n=m—-N+1

Véi
[m]s[n—i];nzm—N+1,...,m (1.61)

)= sln]-s[]=sn]+ >
i=1
Céac LPC a,[m] dugc tinh toan tir cAc mAu trong chu ky. Do loi du doén dinh nghia &

cong thirc (4.23) 1a mot ham theo bién thoi gian m .
Vi du: Nhiéu tréng duoc tao ra boi bo tao sb ngﬁu nhién phan phéi déu, sau d6 duoc loc

bdi bo tong hop AR véi
a, =1.534 a, =1 a, =0.587 a, =0.347 a,, =0.08
a, =-0.061 a, =-0.172 a, =—0.156 a, =—-0.157 a, =-0.141

Khung tong hop cta tin hiéu AR dugc dung cho phan tich LP, v&i tong cong 1a 240 mau.
Udc luong tur dong tuong quan khong hoi qui st dung ctra s6 Hamming. Phan tich LP dugc thuc
hién véi bac tir 2 dén 20. Hinh 1.34 tém tit két qua, v6i d6 loi dy doan duoc tinh toan tai M =2
va dat gid tri cao nhét tai M =10. Céc bac 16n hon 10 khong cho duoc d6 lgi cao hon nita, cho

nén ta co6 thé chi can xét dén M =10.

[0
=t J_HW—'\_’/—H‘ 1

PG 95 — f

M

Hinh 1.34 B¢ lgi du doan (PG) 1a mot ham theo bién bac du doan M
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1.3.1.3 Gidi thuat Levison-Durbin

Thong thudng, viéc tinh toan ma tran nghich dao khong don gian, tuy nhién d6i véi bai
toan nay, cac hé sd giai thuat c6 thé duge tinh thong qua tinh todn ma tran twong quan. Hai giai
thut Levison-Durbin va Leroux-Gueguen 13 hai giai thuat rat phu hop cho viéc tinh toan LP cia
cac hé thdng trién khai trong thuc té.

Giai thuat Levison-Durbin thyc hién viéc tim b du doan bac tht M tir bd du dodn bac
thir (M —1). Pay la qué trinh 1ap dé quy cho dén khi tim dugc 1an dau tién bd du doan bac zero,
sau d6 s& dung bd béc zero s& dugce dung dé tinh bd dy doan bac 1 va qué trinh tiép tuc cho dén
khi tinh toan duoc bd du doan c6 bac can tim.

Giai thuat: bién dau vao 13 cac hé sd tu twong quan R[l ], gia tri tinh duoc la cac LPC va
RC

= Dinh tri ban dau: / =0, tap J, = R[O]

* Thyc hién dé quy, for [=12,..,.M
/-1

0 Budc 1: Tinh toén RC thét , k, = JL(R[I])+ > a ' R[1-i],

1
-1 i=1

0 Budc 2: Tinh toan cac LPC ung voi bo du doan bac /

a’ =—k:

i 1
a® =a™ —kal™; i-12,.,1-1
Dimng néu [ = M
0 Budc 3: Tinh gi tri binh phuong trung binh 16i du doan tuong (mg voi
1oi giai tai bac [
N 2
Jz _']j—l(l_kl )
Gan [ =/ +1, quay lai bude 1
1.3.1.4 Gidi thudt Leroux-Gueguen
Bai toan sir dung giai thudt Levinson-Durbin dya trén cac gia tri cia cac LPC, boi vi
chung c6 thuoc mot tim vuc rong va gia tri bién cua bién do cua cac LPC khong thé tinh duoc
tmg véi co s 1y thuyét. Van dé xay ra khi giai thuat dugc 4p dung cho tinh toan trén dau chim
tinh. Giai thuat Leroux-Gueguen khic phuc diém yéu nay cia giai thuat Levison-Durbin.
Leroux va Gueguen [1979] da dé xuat mot phuong phap tinh toan cac RC tir cac gia trj tu
trong quan ma khong can phai tinh thong qua cac LPC. Do d6, bai toan lién quan dén tim dong
v6i diéu kién dau cham tinh da dugc giai quyét. Xét thong sd sau

VK] = Efe"[nls[n—k]= Y aRli— k], (1.62)
i=0
Voi
. e [n] =16i du doan sir dung bo loc du doan 16i bac tht /

. a;l) = LPC cua bd du doan bac thtr /
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. R[K] = gid tri ty trong quan cua tin hiéu s[#n]
DPinh ly:
eP[k]< R[0] (1.63)
Sinh vién c6 thé tu chimg minh

Bang 1.4 mo ta cac thong sb & can thiét tng v6i mdi bac / trong giai thuat Leroux-Gueguen

/ Céc thong s6 can thiét
M
M-1 [0} ]
M -2 M 2[-1]e™?[0] ™ [M 1] ¥ 2 [M]
M -3 g¥[-2]...,e¥ 0], e 2[M - 2]...,e" P [M]
M —4 eM[-3]....e" 0], e [M -3]....e" [ M]
1 eV-M +2]...,60]&"[2]....e" [M]
0 eV-M +1]...,e”[0]e[1]....e[M]
Giai thuat:

= Dinh trj ban dau: /=0, tap & [k] = R[k],k =-M +1,...M
* Thyc hién d¢ quy, for [=12,..,.M

(-1

e |

0 Budc 1: Tinh toan RC thu /, £, :T[[O]’ dimg khi [ = M
e

0 Budc 2: Tinh toan cac thong sb
k)= Plk]-ke" i -k} k=-M+1+1,.,0,]+1,..M.

o Gan [ =1[+1, quay lai bude 1
1.3.1.5 So sanh gidi thudt Levison-Durbin va Leroux-Gueguen

Giai thuat Leroux-Gueguen phi hop hon cho cac bai toan dau chdm tinh dbi véi cac bién
trung gian c6 bién di duoc biét trudc. Nhuoc diém cua giai thuat nay 13 chi co cac gia tri RC 1a
két qua tra vé, la két qua khong can thiét d6i vai bo loc ludi. Pdi véic cac bod loc co dang truc tiép,
céc gia tri LPC c6 thé ¢6 dugc néu ding mot trong hai giai thuét.

Viéc str dung bd loc mét cao thudng trong viéc tinh toan LP thudong khong don gian do sb
luong tinh toan. Ngoai ra, d6i véi truong hop thoi gian bién ddi, cac hé sé duge cap nhat tir khung
thoi gian nay dén khung thoi gian khac s& lam cho viéc tinh toan cang phuc tap hon déi véi cdu
trac ludi. Ngoai ra, phuong phap Leroux-Gueguen sir dung bién d6i RC-sang-LPC khong cung
cAp viéc luu trit lai cac budc tinh toan quan trong so véi giai thuat Levinson-Durbin. Tat ca cac
diéu trén lam cho giai thuat Levinson-Durbin thong dung hon trong thuc tién, dic biét 1a dbi voi
cac bai toan sd.
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Trong céac bai toan tmg dung thuc té, giai thuat Levison-Durbin dung trong diéu kién diu
cham tinh phai duoc can nhic ky sao cho dam bao cac bién phai nam trong tim vuc cho phép.
1.3.2 Du doan tuyén tinh trong xir Iy thoai [13]

Dbi véi viec don gian hoa mo hinh xir 1y thoai, giai thuat du doan tuyén tinh (LPC) 1a mot
trong nhirng giai thuat 4p dung tao cac bd ma hoa chuan cho viée xir Iy 4m hoat dong & tan sd
thip. O téc do 2.4kbps, bd ma héa FS1015 LPC [Hang Tremain, 1982] 13 mot budce tién vuot bat
trong nganh xir Iy 4m thanh; mac du chat lugng cua 4m thanh dugc giai ma khong cao, nhung hé
théng giai ma don gian va dé hiéu. Thuat ngtr “ma hoéa dy doan tuyén tinh” xut hién tir khi viéc
tao ra Am thanh thoai sir dung bat ky giai thuat img dung mé hinh LPC, trong d6 chuan FS1015 1a
chuan dién hinh.

Ban dau, trong viéc phat trién cho viéc tmyén thong bao mat thudc cac img dung quan su,
bd ma hoa FS1015 dugc dac trung bdi tin hi¢u thoai ma téng hop ngod ra thudong can dén cac nhan
vién van hanh téng dai d3 duge hudn luyén stir dung. Mac du hau hét cac bd ma hoa thoai dua vao
cong nghé LP dat dugc hiéu suit cao hon ngdy nay, nhung vé co ban, hoat dong cua ching 13 c6
nguf‘m g(‘Sc tir LPC, viéc cai tién nhim muc dich dat dugc chét luong tdt hon va hiéu sut ma hoa
t6i wu hon.
1.3.2.1 Mo hinh xu ly tin hiéu thoai

Mo hinh xtt 1y thoai dya vao mo hinh ma hoéa du doan tuyén tinh dugc mo ta trong Hinh
1.35. M6 hinh duoc dung dua vao viéc quan sat cac dac tinh co ban cuia tin hi¢u thoai va bét
chuée ki thuat tao am thanh thoai ctia nguoi. Bo loc tong hop duge md phong theo su phat m,
khiu 4m cua miéng nguoi. Tin hi¢u 1ai ngd vao cua bd loc hodc tin hiéu kich thich mach dugc mé
phong theo dang xung truyén dong (Am thanh thoai) hodc 13 nhiéu ngiu nhién (dm thanh phi
thoai). Nhu vay, phu thudc vao trang thai am thanh thoai hay phi thoai cua tin hi¢u, mach chuyén
duoc thiét lap & vi tri thich hop sao cho ngd vao tuong tng sé dugc chon dua vao mach. Muc
nang luong cua tin hiéu ngd ra dwojc diéu khién boi thong sé do loi.

Lam cach nao mé hinh phu hop véi ngir canh ctia ma héa am thoai? Xét cic mau thoai
mdt cach riéng 1é ing véi timg khung tin hiéu khong chdong 1én nhau. Ung véi timg doan khung
du ngan, thudc tinh cua tin hiéu vé co ban 1a hang s6. Trong mdi khung, cac théng sé ctia md hinh
dugc ude lugng tir cac mau thoai, cac thong sd bao gdom:

* Dang: tin hi¢u thudc khung la thoai hay phi thoai

= Do loi: lién quan cha yéu dén mirc nang luong ciia khung

»  Hé sb loc: dinh rd dap trng cua bo loc téng hop

= Chu ky 4m thanh: trong truong hop dbi véi khung thoai, 13 chiéu dai thoi gian giita

cac xung kich thich lién tiép nhau.

Qua trinh udc lugng théng sd duoc thuc hién ing vai timg mdi khung, cac két qua chinh
1a cac thong tin ctia khung. Nhu vy, thay vi truyén cac xung PCM, cac thong sé ctia mo hinh s&
dugc gui di. Giam giam thiéu nhidu va sy méo tin hiéu, cac bit truyén duoc cép phat theo chi dinh
ung voéi tung thong $6, va ti s6 nén tdi wu c6 thé dat duoc.
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Voiced/
unvoiced
switch
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period train generator "R, Synthesis Speech
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u{:m_\ra[g;[- coeflicients
=3

Hinh 1.35 M6 hinh LPC tong hop tiéng noi

Viéc udc luong cac thong so 1a nhiém vu cia bo ma hoéa. Bo giai ma s€ sir dung cac thong
s0 udc luong nay va dung mo hinh tao thoai dé tong hop am thoai.
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Hinh 1.36 Hinh vé cac cac khung phi thoai

Hinh 1.36 m6 ta mot khung tin hi¢u phi thoai c6 180 mau (st dung by ma hoa FS1015).
Céc miu nguyén thuy duoc xir phan tich LP qua qua trinh tong hop LPC ding cho viée tong hop
am thoai dya trén mo hinh Hinh 1.35. Tin hi¢u cua tin hi¢u nguyén thuy va tin hi¢u sau khi téng
hop c6 vé gibng nhau do méat d pho cb suat co dang twong duong, duge mé ta trong Hinh 1.37.
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Hinh 1.37 So dd ciia mot khung am thanh phi thoai, Hinh bén trai: tin hiéu nguyén thuy; Hinh
bén phai: tin hidu tong hop. Puong nét dut 1a gia tri mat d6 phd cong suat dung phuong phap du
doan LPC.
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Hinh 1.38 So db khung tin hiéu 4m thanh thoai. Hinh trén: tin hiéu nguyén thiry; Hinh duéi: tin
hiéu tong hop.
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Hinh 1.39 So d6 ctia mot khung 4m thanh thoai, Hinh bén tréi: tin hiéu nguyén thuy; Hinh

bén phai: tin hidu tong hop. Puong nét dut 1a gia tri mat d6 phd cong suat dung phuong phap du

doan LPC.

1.3.2.2 Céu tric ciia gidi thudt diing mé hinh LPC

1.3.2.2.1 B¢ md hoa (Encoder)

Hinh 1.40 md t4 so do khoi ciia by ma hoa. Tin hi€u thoai ngd vao dau tién s€ dugc phan

cit thanh cac khung tin hiéu khong chdng 1én nhau. B6 loc dau dung dé hiéu chinh phd cia tin
hi¢u ngd vao, by nhan dang tiéng n6i phan loai khung hién tai dang xur Iy 1a tin hi¢u thoai hay phi

thoai va cac ngd ra mot bit biéu thi trang thai cua am thoai.

Tin hiéu ra cia bd loc dau dugc dung dé phan tich LP, mach bao gém muodi LPC . Cac hé
s6 nay s& dugc lugng tir hda véi cac chi sé duoc truyén nhu 13 thong tin ctua khung. Cac LPC
dugc lugng tir hoa dung dé xay dung bé loc du doan 151, dung dé loc cac tin hiéu 4m thanh tir bo
loc ddu dé c6 duoc tin hiéu dy doan 13i & ngo ra.

Input Frame Voicing
PCM  —* segmentation *| Pre-emphasis detector
speech
-
LP Prediction- Pitch period
analysis error filter [—@ estimation [
v L__
LPC LPC Power
encoder o decoder - computation
l J
Power Pitch period
encoder encoder
LPC Power Pitch period Voicing
index index index
r r r
Pack

Hinh 1.40 So dd khdi ciia bd ma hoa LPC
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1.3.2.2.2 Tinh todn céng sudt
Cong suat ctia chudi 16i du doan tng véi hai trudng hop khung thoai va khung phi thoai 1a
khac nhau. Ky hiéu chudi 18i dy doén 1a e[n], n€[0, N —1] véi N la chidu dai ctia khung.

Truong hop tin hiu l1a phi thoai:

p=—2>¢n] (1.64)

1 —1
N5
Trudng hop tin hiéu 1a 4am thoai, T 1a chu ky 16n nhét cua tin hiéu thanh phén

1 [N/T]T—lz

p:—[N/T]T Z(;e n (1.65)

Vi [] 1 ham tinh gi4 tri nho hon hodc bang véi toan hang. Gia sir rang N > T thi viéc
dung [] luén dam bao rang viéc tinh toan ludn nam trong ving bién ctia khung.
1.3.2.2.3 B¢ giai ma

Hinh 1.41 mé ta so dd khdi cta bd gidi ma theo mo hinh tao am LPC v&i cac thong sb
duoc diéu khién bai luéng bit. Gia su réng ctia bo tao chudi xung tao ra cac xung c bién do don
vi, trong khi bo tao nhiu tréng c6 tin hi¢u ngd ra co6 bién do khac dai luong don vi.

Viéc tinh toan dd loi duge thue hién nhu sau: Ddi véi tin hiéu 1a phi thoai, cong suit cua
tin hiéu ctia b loc tong hop phai bang véi 16i du doan ciia bd ma hoa. Ky higu do loila g, taco

g=+p (1.66)
1.3.2.2.4 Gioi han cua mo hinh LPC

Giéi han 1: Trong mot sd trudng hop, mot khung 4m thanh c6 duoc phan loai 14 tin hiéu
dang thoai hay phi thoai.

Gidi han 2: Viéc sir dung hoan toan nhiéu ngau nhién hodc hoan toan chudi xung c6 chu
ky tao kich thich khong phu hop véi thuc t€ 1a stir dung tin hi¢u am thoai thuec.

Gidi han 3: Thong tin vé pha cua tin hiéu nguyén thiy khong dugce xem xét.

Gidi han 4: Phuong phap thuc hién viéc téng hop céac khung thoai, trong khi mot chudi
xung dung dé kich thich b loc tong hgp vai cac hé s6 cd dugce tir viee phan tich LP vi pham nén
tang ctia mo hinh AR.

1.4 PHAN TICH CHAT LUONG XU LY THOAI

1.4.1 Cac phuong phap ma hoa

Dich vu thoai 1a dich vu co ban va quan trong nhat trong cac dich vu cung cép cho khach
hang cua cic nha khai thac di dong ¢ Viét Nam ciing nhu trén thé gidi. Bé dam bao hd tro t6t
khach hang nham dat duge loi thé canh tranh, cac nha khai thac di dong can hd trg tot dich vu co
ban nay. Do d6, viéc danh gia cac chi tiéu chit lugng chat luong thoai c6 vai tro rit quan trong.
Céc phuong thire danh gia chat lugng thoai di dugc nhiéu t6 chirc vién thong (nhu ITU,ETSI...)
nghién ciru, xay dung. Trong phan ndy trinh bay mot sé phuong phap danh gia chat lugng thoai,
dic biét 1a cho mang vién thong (cb dinh, di dong).

Viéc danh gia chét luong thoai c6 vai trd rt quan trong ddi voi cac nha khai thac mang
thong tin di dong va ¢d dinh. Vi thoai 12 dich vu thong tin co ban cho nén viéc dam bao cung cép
dich vu nay voi chét luong on dinh 1a mot yéu t6 canh tranh cua cac nha khai thac mang.
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Phuong phap danh gia chat luong thoai di dugc nhiéu t6 chirc tiéu chuan nhu ITU-T,
ETSI, 3GPP thuc hién chuan hoa. Bai bao phén tich ban chat cia mot sé phuwong phap danh gia
chat luong thoai co ban: phuong phap danh gia theo thang diém MOS (Mean Opinion Score) dwa
trén khuyén nghi ITU-T P.800 [1], cic phuong phap danh gia dua trén mé hinh gidc quan PSQM
(Perceptual Speech Quality Measurement) theo khuyén nghi ITU-T P.861 [2], PESQ (Perceptual
Evaluation of Speech Quality) theo khuyén nghi ITU-T P.862 [3] va phuong phap dua trén md
hinh d4nh gia truyén dan E-model theo tiéu chuin ETR 250 [4] cua ETSI. Cac phuong phap nay
dugc so sanh vé uu nhuge diém va pham vi tmg dung.
1.42 Cic tham sb lién quan dén chat hrong thoai

Céc tham s truyén din co ban lién quan dén chat luong thoai la:

. Tham s6 danh gid cuong d6 am lugng/ton hao tong thé (OLR-Overall Loudness
Rating): OLR ciia hé thong phai khong dwoc vuot quéa gidi han duoc dinh nghia trong
khuyén nghi G.111 cta ITU-T. Cac gia tri danh gia ton hao phia phat va thu (SLR va
RLR) dbi v6i hé thdng GSM duoc danh gia cho dén giao dién POIL Tuy nhién, tham sb
anh huong chinh 1a dic tinh cia MS gdm ca b chuyén déi twong tu - s6 (ADC) va sb
tuong tu (DAC). Do vay, thong thuong, nguoi ta danh gia OLR cua giao dién vo tuyén.

. Tré: thoi gian truyén dan tin hiu gitta hai dau cudi gdy ra nhitng kho khan trong viéc hoi
thoai. Tré bao gém: tré chuyén ma thoai, tré ma hoa kénh, tré mang va tré xtr 1y tin hiéu
thoai dé loai bo tiéng vong va giam nhidu ¢ ché d6 Handsfree.

. Tiéng vong (echo).

. Cit ngudng (clipping): 14 hién twong mét phin dau hodc phin cudi cua cum tin hiéu thoai.

= Céc tinh chit lién quan dén d6 nhay tan sd.

. Xuyén am (sidetone loss).

" Nhiéu nén...

1.43 Cac phwong phap danh gia chit lwgng thoai co bin

Viéc danh gia chit lugng thoai trong mang GSM ciing nhu cac hé thong thong tin khac
(06 dinh va vo tuyén) 6 thé dugc thuc hién béng cach danh gia cac tham ) truyén dan co anh
hudng dén chat luong thoai va xac dinh tac dong cta cac tham sé nay ddi véi chét lugng tong thé.
Tuy nhién, viéc danh gia timg tham s6 rat phiic tap va ton kém. Hién nay, viéc danh gia chét
luong thoai duge dya trén mot tham sb chat luong tong thé 14 MOS (Mean Opinion Score).
Nhimng phuong phép sit dung MOS déu mang tinh chat chi quan do ching phu thudc vao quan
diém cua ngudi st dung dich vu. Tuy vy, ching ta c6 thé phan chia cac phuong phap danh gia
chét lugng thoai ra lam hai loai co ban:

. Céc phuong phap danh gia chii quan: viéc dénh gia theo quan diém ctia ngudi sir dung vé
mirc chat lugng duge thuc hién trong thoi gian thyc. Phuong phap nay dugc quy dinh trong
khuyén nghi ITU-T P.800.

. Céc phuong phap dénh gia khach quan: sir dung mot s6 mé hinh dé ude lugng mirc chat
luong theo thang diém MOS.

Phuong phap danh gia khach quan c6 thé dugc phan thanh:
a)  Cdc phwong phdp so sanh: dwa trén viéc so sanh tin hiéu thoai truyén dan voi mot tin

hiéu chuan da biét.
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b)  Cdc phwong phdp wéc heong tuyét doi: dua trén viéc ude luong tuyét dbi chat lugng
tin hidu thoai (phuong phap nay khong sir dung cac tin hiéu chuén da biét); vd: INMD (sir
dung trong khuyén nghi P.561 cta ITU-T).

¢) Cdc mé hinh ddnh gid truyén dan: phuong phap nay xac dinh gié tri chit luong thoai

mong mudn dua trén nhimg hiéu biét vé mang; vd: mé hinh ETSI Model.

Viéc phan chia cac phuong phap danh gia duge cho trén Trén thuc té, cac thiét bi do co
thé sir dung két hop nhiéu phuong phép dénh gia chat luong thoai. Tuy vy, trong cic phuong
phap nay thi phuong phap so sanh (hay con goi 1a intrusive methods) c6 két qua danh gia chinh
xac nhat. Cac phuong phap danh gia cac ciing c6 thé duoc str dung cho mot s6 tmg dung dic thu.
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Hinh 1.41 Phan loai cac phuong phap danh gia chat luong thoai: a) Cac phuong phap so sanh, b)
Céc phuong phap udc lugng tuyét d6i, ¢) Cac md hinh danh gia truyén dan
1.4.3.1 Phwong phdp danh gid chu quan (MOS)

K¥ thuat nay danh gia chét lugng thoai st dung dbi tugng 1a mot sb luong 16n nguoi nghe,
sir dung phuong phap thng ké dé tinh diém chét luong. Piém danh gia binh quin cua nhiéu
ngudi duge tinh 13 diém Mean Opinion Scoring (MOS). K¥ thuét thyc hién tinh diém MOS dugc
mo ta trong khuyén nghi P.800 ctia ITU. Khuyén nghi P.830 thé hién cac phuong phap cu thé dé
danh gia chat lugng thoai cho cic b md hoéa. Ca hai khuyén nghi ITU nay mé ta: phwong thirc
danh gia, cach tinh diém theo phuong thirc danh gia chii quan, gia tri cua diém, tinh chét cua cac
mau thoai duoc sir dung dé danh gia va cac diéu kién khac ma viéc kiém tra chét lugng duoc thuc
hién.

Phuong thirc ddnh gia theo MOS ¢é thé dugc thuc hién theo cac bai kiém tra hoi thoai hai
chiéu hodc bai nghe mot chiéu. Cac bai kiém tra nghe mot chiéu st dung cic mau thoai chuén.
Ngudi nghe nghe mau truyén qua mot hé thong va danh gia chét lugng tong thé ciia mau dya trén
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thang diém cho trudc. P.800 dinh nghia mot s6 hinh thirc danh gia chat lugng thoai theo phuong
phap chu quan:

. Bai kiém tra hoi thoai (Conversation Opinion Test).

. Daénh gia phan loai tuyét di (Absolute Category Rating (ACR) Test).

. Phuong thirc phan loai theo suy hao (Degradation Category Rating (DCR)).

] Phuong thire phan loai so sanh (Comparison Category Rating (CCR)).

M&i phuong thirc trén c6 mot thang diém danh gia. Vi du: phuong thirc danh gia hoi thoai
va ACR déu co thang diem tuong tu goi la diém hoi thoai va diém chat lugng nghe. Trong
phuong thure hoi thoai, ngudi nghe dugce hdi vé quan diém cua ho doi véi két noi dang sir dung.
ACR hoi chu thé vé chat lugng thoai. Thang diém cho ca hai phuong thuc trén nhu sau:

Diém danh gia Chat luong thoai
5 Rét tot
4 Tét
3 Chap nhan dugc
2 Toi
1 Rat toi

Day 1a thang diém tir 1-5 thong thuong duoc sir dung dé tinh MOS.

Vi dy thi hai 1 diém nd lyc nghe trong phuong thirc ACR (ACR Listening Effort Score).
Trong phuong thirc nay, chii thé duoc yéu cau danh gia nd luc cia ho thuc hién dé hiéu ngit nghia
ctia cac cAu chuan sir dung 1am mau. Thang diém dugc cho nhu sau:

Diém danh gia Mirc d6 ¢b gang can thyc hién dé hiéu cau
5 Khéng can c¢b ging
4 Cén cht ¥ nhung khong can cb gang nhiéu
3 Can tuong ddi tap trung
2 Can tap trung
1 Khong hiéu cau mau

Hién nhién, cac thuong thire cho diém theo MOS c6 mét sé nhuoc diém nhu sau:

. Phuong thirc ndy mang tinh chat chii quan vi két qua phu thudc vao nhiéu yéu t6 khong
thé kiém soat ctia chu thé nhu: trang thai tam 1y, thai do ddi véi bai kiém tra va trinh do van
hoa. Trén thuc té, phuong thirc danh gia chat lugng thoai theo thang diém MOS khéng phai
1a phuong thirc nhat quan.
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. Phuong thirc nay rat ton kém, doi hoi nhiéu nguoi tham gia va thiét 1ap phuc tap.
- Khi can thyc hién do thuong xuyén cac tham s chét lugng thi viéc sir dung phuong phap
danh gia chét luong nay 1a khong thuc té.

Nhitng han ché cua phuong phap danh gia chat lugng thoai dua trén MOS cho thay can c6
mot phuong thirc danh gia khach quan, phuwong phap nay c6 thé thuc hién mot cach ty dong dé
danh gia chat luong thoai.
1.4.3.2 Cac phwong phdp so sanh dwa trén mé hinh gidc quan
1.4.3.2.1 Phuwong phap PSOM

PSQM la k¥ thuat dénh gia chat luong thoai dwoc phét trién boi John G. Beerends va I. A.
Stemerdink thugc Trung tdm nghién ctru KPN ¢ Ha Lan. Trong khoang tir 1993-1996, nhiéu k¥
thuat danh gia chét luong thoai da dugce ITU so sanh dé x4c dinh ki thuat c6 d6 chinh cao nhat
(wéc lwong gan nhat véi phuong phap danh gia chii quan). Theo ITU, PSQM la k¥ thuat danh gia
chat luong thoai co twong quan 16n nhit véi cac két qua theo phuong phap danh gia chii quan.
PSQM sau d6 di dugc ITU-T Study Group 12 théng qua va da dugc cong bo trong khuyén nghi
P.861 nim 1996. K§ thuat nay di duoc st dung rong rdi va thé hién do chinh xéac twong dbi cao.

PSQM la mdt phuong phép tinh toan nham udc lugng chat luong thoai theo két qua cua
phuong phap danh gia chi quan theo khuyén nghi P.830 (MOS). Tuy nhién, PSQM tinh theo
thang diém khac so véi MOS. Diém PSQM thé hién d¢ léch giira tin hiéu chuan va tin hiéu truyén
dan.

PSQM dugc thiét ké dé s dung cho tin hidu thoai (300-3400 Hz) qua cac bo mi hoa
thoai. Phuong thirc nay dugc su dung dé do ton hao cua cac bd mi hoa thoai nay dua trén cac
thong s6 nhan thirc cua con ngudi. Phuong thire nay sir dung hiéu qua di v6i cac bd mé hoa thoai
tbc do thap. Viéc xu Iy trong phuong thitc PSQM duoc thé hién trén Error! Reference source not
found..

Pé thuc hién phép do PSQM, mot mau tiéng noi duge dua vao hé théng va duge xu 1y boi
mot bd ma hoéa thoai bt ky. Nhiing tinh chét cua tin hiéu vao giéng nhu cua céc tin hiéu str dung
cho phép danh gia MOS duoc dinh nghia trong chuan ITU P.830.

Céc tin hiéu vao c6 thé 1a mau tiéng noi that hodc tiéng néi nhan tao theo khuyén nghi
ITU P.50. ITU-T khuyén nghi tin hiéu vao dugc loc theo modified IRS (Intermediate Reference
System trong khuyén nghi ITU P.48) c6 nhimng tinh chit dwoc dinh nghia trong phu luc cua
D/P.830. N6 m6 phong déc tinh tan so cua may dién thoai dau cubi.

Khi nhan dugc, tin hiéu ra dugc ghi lai. Sau do, né dugc déng bd vé& mit thoi gian véi tin
hiéu vao. Hai tin hiéu nay dugc thuc hién so sanh boi cac thuat toan PSQM. So sanh dugc thuc
hién theo timg phan doan thoi gian (khung thoi gian) trong mién tan sé (duoc biét dén 1a cac phan
tu thoi gian - tan sé) hoat dong dua trén cac tham sb 1éy tir mat do phé cong suét cua tin hiéu vao
va ra cua cac phén tor thoi gian - tan s6. Viéc so sanh dua trén cac tham sd nhan thic cia con
ngudi nhu: tan sé va do nhay am lugng (khong chi phu thudc vao Mat do phd cong suat - Spectral
Power Densities (SPD)).

biém PSQM nam trong dai tur 0 dén vo cung. Piém sb nay thé hién do 1éch vé mat cam
nhan gilra tin hi¢u ra va tin hiéu vao. VD: diém 0 thé hién tin hiéu ra va tin hiéu vao hoan toan
trung khép, danh gia 1a mutrc chat lugng hoan hao. Diém PSQM cang cao thi thé hién murc ton hao
cang 16n va danh gia 13 muc chat luong thap. Trén thuc té, giéi han trén dbi v6i thang diém
PSQM trong khoang tir 15-20.
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Hinh 1.42 Phuong thic danh gia chét luong thoai PSQM

1.4.3.2.2 Phuong phap PESQ

PESQ 1a phuong phap danh gia chat luong thoai so sanh; phwong phap nay dugc mo ta
trong khuyén nghi ITU-T P.862 [] dugc st dung thay thé cho khuyén nghi ITU-T P.861.

PESQ so sanh tin hiéu gc X(t) v6i tin hiu suy giam Y(t) 1a két qua cua viéc truyén tin
hiéu X(t) qua h¢ théng thong tin. Déu ra cia PESQ 1a mdt udc luong vé chét luong thoai nhan
duogc cua tin hi¢u Y(t).

Trong budc dau tién cua PESQ, mot loat cac tré tin hiéu gitra tin hi¢u vao ban dau va tin
hiéu ra dugc xac dinh; mdi gid tri tré duoc tinh cho mot khoang thoi gian ma co su khac biét vé do
tré so v&i phan doan thoi gian trude d6. Ung véi mdi phan doan thoi gian, diém bat dau va két
thic duge xac dinh. Mot thuat toan sip xép dua trén nguyén tic so sanh giita kha ning c6 hai tré
trong mot doan thoi gian véi kha ning c6 mot tré trong doan thoi gian d6. Thuat toan nay c6 thé
xtr 1y thay doi vé tré trong ca khoang lang va trong thoi gian tich cuc thoai. Dya trén tép cac tré da
xé4c dinh dugc, PESQ so sanh tin hiéu vao ban dau véi tin hiéu ra da dugc sip xép bang cach st
dung mot mé hinh gidc quan. Piém méu chdt cua qua trinh nay 13 chuyén ddi ca tin hiéu gdc va
tin hi¢u da bi suy giam thanh dang biéu dién cta tin hiéu 4m thanh trong hé thng thinh giac cua
con ngudi c¢6 tinh dén tan s6 thinh giac va cuong d6 4m. Quaé trinh nay duoc thuc hién theo nhiéu
giai doan: sap xép vé mit thoi gian, sap xép mic tin hiéu vé muc tin hiéu nghe di dugc cin chinh,
anh xa thoi gian - tan sd, frequency warping va cin chinh cuong d6 am.

Trong PESQ, hai tham 56 16i duoe tinh toan trong mo hinh kinh nghiém; chiing dugc két
hop lai dé udc luong diém MOS.

Mot mé hinh may tinh cta chu thé bao gdm mé hinh gidc quan va mé hinh kinh nghiém
dugc st dung dé so sanh tin hiéu du ra véi tin hiéu gbc sir dung cac thong tin sap xép lay duge tir
céc tin hiéu dinh thoi trong médun sip xép dinh thoi.
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Hinh 1.43 M6 ta phuong phap danh gia chat luong thoai PESQ

Phuong phap PESQ 1a c6 thé sir dung khong chi dé danh gia cic bd ma hoa thoai ma con
dé danh gia chét luong thoai dau cudi dén dau cudi. Cac hé thdng thong tin trén thuc té c¢6 thé bi
anh hudng cta nhiéu khau loc, tré kha bién va cac ton hao do 15i kénh truyén dan va viéc sir dung
cac bd codec toc do thap. Phuong phap PSQM duoc mé ta trong khuyén nghi ITU-T P.861 chi
duoc khuyén nghi sir dung dé danh gia cac bo codec thoai ma khong tinh dén cac yéu td nhu loc,
tré kha bién ... PESQ tinh dén cac yéu t6 ndy nho sir dung can bang ham truyén dan, sip xép dinh
thoi, va mot thuat toan méi dé thuc hién xac dinh ton hao trung binh. PESQ da duoc kiém tra
trong diéu kién két hop nhiéu yéu t6 nhu: loc, tré kha bién, ton hao ma hoa va 18i kénh truyén dan.
Phuong phap nay dugc khuyén nghi sir dung thay thé cho PSQM dé dénh gia chit lugng thoai tir
dau cubi dén dau cubi.
1.4.3.2.3 Mé hinh danh gid truyén dan E-Model

E-model (tham khao ETR 250 [4], EG 201 050 [2] va khuyén nghi ITU-T G.107 [7])

duogc st dung lam mot cong cu dé quy hoach truyén din trong cac mang dién thoai. N6 hd trg
viéc uoc luong chét luong tin hi¢u thoai tir mat két hop ctua nhiéu yéu td can nhiu. E-model
khac so v&i cac phuong phap danh gia chat lugng da phan tich ¢ trén:
. Pay khong phai 1a mot cong cu do ma 1a mot cong cu quy hoach mic dit nd co thé sir
dung két hop véi cac phép do.
= N6 u6c lugng chét luong thoai hai chiéu va tinh dén cac yéu t6 nhu: tiéng vong, tré ...

Dau vao cta E-model bao gdm cac tham sb dugc sir dung tai thoi diém quy hoach. Luu ¥
réng viéc quy hoach cé thé dugc thuc hién trude va sau khi trién khai mang. E-model c¢6 tinh dén
cc tham s6 nhu: nhiéu, tré, tiéng vong va tinh chét cua thiét bi dau cudi ma da duoc chuén hoa
hodc d3 duoc xac dinh, co thé do duge. Ngoai ra, E-model xac dinh trong s6 d6i véi anh hudng
cua thiét bi sb hién dai (cac bd codec tdc do thép, cac by ghép kénh ...) dén chét luong truyén dan.
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Trong nhiéu trudng hop, s6 lugng va chung loai cac thiét bi ndy dugc xac dinh tai thoi diém quy
hoach.

E-model dya trén gia thiét 1a cac ton hao truyén din c6 thé dwoc chuyén dbi thanh
"psychological factors" va cac hé s nay c6 tinh cong don trén mot "psychological scale". Néi
cach khac, nhan thic chit quan vé chét lugng thoai duoc coi nhu 13 tong hop cua cac ton hao
truyén dan.

E-model déu tién thyc hién tinh toan mot "gia tri gdc" vé chét lugng (gid tri ndy duoc xac
dinh tir nhiéu trén mang). M3i tén hao thém vao dugc biéu dién duéi dang mot gia tri tdn hao. Két
qua cta phép trir gia tri gc véi cac gia tri ton hao thé hién udc luong chat luong thoai cho mot
mang cu thé. Cudi cung, két qua chét luong thoai thu dugc dugc str dung dé ude tinh ty 1¢ thué
bao danh gia chit luong 1a t6t hay t6i. Cu thé, E-model tinh mot hé sé danh gia truyén dan R nhu
sau:

R=Ro-Is-Id-Ie+ A (1.67)
Hé s6 nay bao gém: gia tri géc Ro, cac ton hao Is, Id va Ie va mot hé s thuén loi (Advantage
factor) nhu sau:
=  Ro md taty sb tin hidu trén nhidu (SNR) cta két nbi. No bao gébm tap 4m trong mang,
trong moi truong phia ngudi noi va nguoi nghe va anh hudng cia tap am tai phia nguoi
nghe, SNR dugc coi la mdt tham s6 biéu dién chat luong co ban.
= [y thé hién cac ton hao nhit thoi bao gdm: muc cudng do 4m, mirc xuyén 4m vuot qua
pham vi cho phép va ton hao lwong tir (md héa PCM).
= Jd chira cac ton hao do tré va tiéng vong.
= Je bao gdm cac t6n hao gay ra boi cac ky thuat nén thoai (codec toc do thap).
= 4 cho phép diéu chinh chat lugng trong nhitng truong hop dic biét nhd thém vao cac yéu
t6 phi k¥ thuat dé danh gia chét lugng.

Cudi cung, E-model sir dung mot anh xa phi tuyén tinh dé chuyén gia tri R thanh gié tri
MOS tuong duong.

Nhu vay, E-model cho phép xac dinh chat lugng thoai nhd phén tich tac dong cua nhiéu
tham s6 truyén din. Nho d6 ¢6 thé danh gia anh hudng cua cic tham sé nay dbi véi muc chét
lugng tong thé.
1.4.3.2.4 Két lugn

Phan 2.4.3.2 da phan tich cac phuong phap danh gia chét luong co thé sir dung dé danh
gia chét luong thoai trong mang GSM. Nhu di phan tich ¢ trén, diém MOS 1a chi tiéu chat luong
téng thé duoc sir dung dé danh gia chét lugng thoai. Phuong phap danh gia chu quan sir dung s
lidu vao 1 nhan xét cua khach hang vé mirc chét lugng tir d6 tinh toan ra diém danh gia binh quan
MOS. Céc phuong phap danh gia khach quan st dung cac mo hinh tinh toan dé wéc lwong ra mic
chat lwong quy d6i vé MOS.

Dua trén nhitng vu nhugce diém va pham vi Gmg dung cua cac phuong phap nay, dé sir
dung danh gia chat lwong thoai cho mang GSM ciia VNPT c¢6 thé sir dung cac phuong phap danh
gia nhu sau:

= St dung PESQ dé danh gia chit luong thoai mot chiéu tir dau cudi dén dau cudi.
. Mb hinh danh gia E-Model c6 thé duoc sir dung dé phan tich hé thong nham xac dinh cac
yéu t6 anh huong dén chat lwong thoai.
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. Ngoai ra, néu c6 diéu kién c6 thé st dung két hop phuwong phap danh gid cha quan dé
kiém chimg lai viéc danh gia theo PESQ.
1.5 MO HINH UNG DUNG XU LY THOAI
1.5.1 MO hinh thoi gian dong [14]
1.5.1.1 Téng quan

Nhan dang tiéng néi ty dong (Automatic speech recognition-ASR) 13 mét 1anh vyc nghién
clru quan trong va co nhiéu ung dung trén thuc té, dua trén viée luu trit mot hay nhiéu miu Am
thanh (template) Gtng véi ting tir trong bang tor vung nhan dang. Qua trinh nhan dang thyuc hién
viéc so trung tiéng ndi nhan duoc voi cac miu luu trit. Cac mau c6 khoang cach do luong thap
nhét so véi mau tiéng n6i nhan duoc chinh 1a tr dugce nhan dang. Giai thuat dung dé tim duoc su
tuong thich tot nhét 1a dwa trén lap trinh dong (Dynamic Programming - DP), va mét trong cac
gidi thudt 1a giai thudt mo hinh thoi gian dong (Dynamic Time Warping-DTW).

Dé c6 thé ndm bt dugce kién thitc vé DTW mét cach nhanh chong, co6 hai khai niém can
lam rd

— Piém dic trung: 13 thong tin ctia timg tin hiéu dugc biéu dién dudi dang nao do.

—> Sai biét: dang do luong nao d6 duge dung dé tinh toan duoc sy tuong thich, co hai

dang:
1. Cuc bd: do tinh toan sai biét gitra diém dic trung ciia mét tin hi¢u mot tin hi¢u
khac.
2. Toan cuc: do tinh toan sai biét téng gitra mét tin hiéu téng v&i mot tin hiéu
khac c6 the c6 sai biét.

Viéc phén tich diém dic trung bao gdm viéc tinh toan vector ddc trung véi khoang thoi
gian thong thudng. Pdi vi viée phan tich du doan tuyén tinh, vector dic trung bao gdm viéc tinh
toan céac hé sb du doan (hoac céac phép bién d6i gitra chiing). Mdt loai vector dac trung thongdung
dung trong nhan dang tiéng no6i 1a Mel Frequency Cepstral Coefficients (MFCCs).

Vi céc vector dic trung ¢ thé ¢6 nhiéu phan tir phtc tap, nén gia tri trung binh cta viéc
tinh toan can dugc thiét 1ap. Phép do sai bi€t gifta 2 vector ddc trung dugc tinh todn bz‘?lng don vi
theo h¢ Euclidean. Nhu vy d6 sai bi¢t cuc bd gitra vector dac trung x cua tin hi¢u 1 va vector
ddc trung y cua tin hi¢u 2 duogc cho boi

d(x.y)=_>(x,~») (1.68)

1

Maic du stir dung h¢ don vi Euclidean cho viéc tinh toadn s€ tang dd phuc tap hon so véi cac
h¢ do Iuong khac, nhung no lai cho tac dung nhiéu hon vé&i do sai biét 16n d6i véi mot dic trung
don. Néu nhu viéc quay lui trong qua trinh tim kiém su tuong thich nht can thiét thi mot day co
nhiém vu luu trit cac entry trude d6 trong qua trinh xir 1y tim kiém, dugc goi 1a backtrace array.
1.5.1.2 Gidi thugt DTW doi xieng

Tiéng néi 14 mot qua trinh phy thudc vao thoi gian. Tiéng nédi co nhidu 4m tiét tuong tu
nhau nhung vé6i khoang thoi gian phat 4m khac nhau, hodc ¢6 4m tiét dong 4m nhung khac & chd
nhén am, v.v... Dé phan tich dugc sy sai biét toan cu gitra hai mau tiéng noi (dai dién boi mot
chudi cac vector), vin dé vé thoi gian phai duoc xem xét.
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Bai toan dugc md ta ¢ hinh 0, mé ta mot ma tran hai chiéu theo thoi gian su dung cho vi¢c
canh chinh theo thoi gian. Cot 1a mé ta cho tiéng ndi mau (template) va dong 1a tiéng noi thu duoc
can nhan dang. Trong hinh minh hoa, tin hiéu vao “SsPEEhH” duoc xem 1a mot dang “nhiéu” cua
tiéng n6i mau. Tin hiu vao nay s& duoc so sanh tring voi tit ca cac mau tiéng noéi duge luu trix
trong hé théng. Mau c6 d6 twong thich t6t nhit s& c6 do sai biét nho nhét so véi tin hidu vao can
so sanh. Gia tri d0 sai biét toan cuc la téng cac sai bié€t cuc bd cua viéc so sanh.

=z —a

Time —=-

i

[s{plElE[c[H]

-—

[slsle[ele[n]n]

H i n

Time —>

Hinh 1.44 Mo ta canh chinh thoi gian gitta mau tiéng néi “SPEECH” va tin hiéu tiéng noi dau
vao “SsPEEhH”

Lam cach nao dé c6 thé tinh duoc do tuong thich tdt nhat (co gia tri do sai biét toan cuc
nho nhat) gitta tin hi¢u can so sanh va tiéng n6i mau? Viée nday dugc thuc hién béng cach udc
luong tit ca khoang cach c6 thé c6, nhung cach nay khong hiéu qua khi sé lwong khoang cach cé
dang ham mil theo chiéu dai cta tin hiéu ngd vao. Thay vao do6, ta xem xét nhiing rang budc ton
tai trong qua trinh so tring (hodc c6 thé 4p dat cac rang budc nay) va ding nhiing rang budc nay
dé c6 duogc giai thuat hiéu qua hon. Cac rang budc duge thiét 1ap phai khong phirc tap va ciing
khong han ché nhiéu, nhu:

— Céc khoang céch so trung khong thé thuc hién viéc di lui;

— Moi khung cua tin hidu ¢an so trang phai dugc dung trong qua trinh so trung;

— Céc gia tri sai biét cuc bo dugc két hop bang phuong phap cong don vao gia tri sai biét
toan cuc.

Moi khung trong tin hiéu cén so tring v6i miu tiéng noi duoc xem xét ing véi timg tinh
toan d9 sai biét. Néu thoi diém dang xét 1a (i, j) , véi i 1a chi s6 ctia khung tin hiéu ngé vao, j 14
ctia khung tiéng ndi mau, thi cac vi tri trudc d6 1a (i—1,7-1), (i—1,/), (i,j—1) . Y tuong
chinh cua 1p trinh dong la tai vi tri (i, j), viéc tinh todn dy trén d6 sai biét nho nhét cua céc vj tri
(i_laj_l)a (i_laj)a (l,]_l)

Giai thuat lap trinh dong thuc hién cin phai déng bd thoi gian: mdi cOt clia ma tran thoi
gian-thoi gian dugc xem nhu 1a mot su ké vi cac tinh toan trudce do, do do, ung voi mot mau tiéng
n6i c6 chiéu dai N, sé luong budce so trung toi dala N .

Goi D(i, ), d(i,j) twong ung la do sai biét toan cuc va do sai biét cuc b tai vi tri
(i, 7).

D(i, j)=min[D(i -1,/ =1),D( =1, /), DG, j = D))+ d(, /) (1)
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Vvé6i D(1,1) = d(1,1) 1a gia tri khoi tao ban dau, giai thuat img dung dé qui vao viéc tinh
todn cac d¢ sai biét tai D(i, j). Gia tri cudi D(n, N) chinh 1a gi4 tri chénh léch giita template va
tin hiéu cin so sanh, luu ¥ rang N s& khac nhau tng v6i mdi template.

Dbi v6i viée nhan dang tiéng noi, giai thuat DP khong can phai chay trén cac may tinh co
bo nhd 16n, viée luu trit duoc thuce hién bdi mot array, luu gitta tung ¢t don trong ma tran thoi
gian-thoi gian. Ma tran ¢ vi tri dau tién c6 gia tri 1a 0, nhu vay chi nhiing hudng di chuyén trong

ma tran dugc mo ta ¢ hinh 1 méi c6 thé xuét phat tir vi tri (i, j).

Figurse 1. The three
passil e directions in which
the best match path may

mave from cell i) in T
symmetric OTW.
{ Zi,

Hinh 1.45 Ba hudng c6 do twong thich tot nhat co thé di dén tir 6 (i, j) trong giai thuat DTW
dbi xtmg.

Phuong trinh (1) dugc thuc hién bang phwong phap dé quy. Tuy nhién, trir khi ngén ngit
d3 duogc tdi wu cho viée dé quy, phuong phap nay co thé tén nhiéu thoi gian ngay ca dbi voi
nhig tin hiéu can so sanh c6 kich thudc nhd. Mot phuong phap khac co thé cai tién duge toe do
xu 1y cling nhu can bo nhé thue thi nhé hon 1a dung hai vong 1ap, st dung hai array dé luu trix cac
cot ké v6i ma tran thoi gian-thoi gian.

oredCd curCol

\ —
/ minimum

o global

Figure 2. The cells at {ij) distance
and ii,0) have diferent i
poesible originator cells.
“he aath to {i,0) can only /]
originate from {i-1,0).
Howzver, the path to {i ji
can originate from the trree
standarc locations as -
shown. .

Hinh 1.46 Vitri 6 (i, /) va (i,0) c¢6 cac 6 dinh huéng khac nhau. T (i,0) chi c6 thé di tir 6
(i —1,0). Tuy nhién tai 6 (i, j) thi c6 thé di dén 3 6 nhu mic dinh.

Giai thuat tim chi phi toan cuc nho nhét:
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1. Tinh tai cot 0, bat dau tir day ctia 6. Gia tri chi phi toan cu ctia 6 bang gia tri chi phi cuc
bd. Sau d6, tinh toan gia tri chi phi toan cuc cua cac 6 c6 kha nang cho duoc gia tri thip
bang cach 14y gia tri chi phi cuc bo ctia 6 cong thém cho gia tri toan cuc cua 6 ngay dudi
do, 6 nay dugc goi la predCol (predecessor column).

2. Tinh gié tri chi phi toan cuc cia 6 dau tién cua cot ké tiép la curCol. Gia tri cuc b cua 6
cong thém cho gia tri toan cuc cua 6 phia dudi cung cua cdt trude no.

Tinh gié tri toan cuc cua cac 6 con lai cua curCol.

4. curCol duoc dinh 1a predCol va lap lai budc 2 cho dén khi tat ca cac cot duogc tinh toan
xong.

5. Gia tri chi phi toan cyc tai vi tri c0t cudi cung, dong trén cuc la gia tri can tim.

Ma gidi ciia qua trinh nhu sau:

caculate Jrst column {pedCol,

for i=1 to number of inpuf feature sectars
curCol0] = lozal zos: at {i,0) + global cost at {-1,0)
for j=1 to number of fampiafa feafure saciors

curCalfjl=local cost at {i,j) + minimum of Jlobal ¢osts at {i- j3, {i-1110r{i j1).

end
predCol=curCol

ond
minimJam global cost is value in curCol[number of femplate feaiure vectors]

1.5.1.3 Gidi thudt DTW bit doi xirng
Mic du giai thuat co ban DP ¢6 uu diém la ddi xing (tat ca cac khung cia tin hiéu can so

tring va mau tiéng noi can tham khao duoc xem xét), tuy nhién giai thuat van con yéu diém 1a tai
cac vi tri ¢t va hang 1¢ thudc vao cac vi tri duong chéo c6 thé sinh 16i.

Mot cach dé tranh viéc nay Ia thuc hién viéc dung d (i, j) hai lan trong mdi budc tai vi tri
dudng chép, diéu nay dan dén loai bo 15i tai cac vi tri cot va hang, goi gia trj 16i co lap d, , d,
tuong tmg cho cac bude di chuyén theo hang va cot. Phuong trinh (1) s& tro thanh
D@, j)= min[D(i -1Lj-1)+2d(i,j),Di-1j)+d(i+ j)+d,, D3, j-1)+d(i,j)+ dv]
(2)
Véigiatr d,, d, co duge qua thuc nghiém
Céc rang budc trong viéc nhay dén cac 6 ké tiép:

— (i—1,j=2) dénvitri (i, ) - goi la duong chéo md rong (46 ddc 1a 2)

— (i—1,j—1) dénvitri (i, j) - goi la dlrong chéo chuan (d6 doc 1a 1)

— (i—1,7) dénvitri (i, ) - goi la duong ngang (46 dbc 1a 0)

Gia st rang mdi khung cua tin hiéu ngd vao chi duoc xét dén mot 1an duy nhat, nhu vy ta
6 thé khong xét dén viéc chuan hoa d6 dai cia miu tiéng no6i. Do viéc tinh todn tai tirng 6 khac
nhau nén giai thuat duoc goi 1a giai thudt 14p trinh dong bat dbi ximg.
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Figure 3. Tha thre=
passible direciars in which
the bestmaich path may
move from cell (i) in
asymmelnic OTwW.

Hinh 1.47 Bahudng co gia tri so tring t6t nhat c6 thé di dén tir 6 (i, j) trong giai thuat DTW bat

doi xung.

Figure 4. The cells at{i,j).
(1.0) ad {i,1) have different
possible originator cells.
The path to {i,0) can only
originate from (-1.0). The
path bo (i, 1) can originate at
gither (i-1.1) or (i-1.0).
However, the path to (i j)
can originate from the three
standard locations as
shown.

predCol curCol
b / minimum
A4 gobal
distanco
4
/
—
il

Hinh 1.48 Céac vi tri 6 tai (i, j), (i,0)va (i,1) co cac 6 dinh huéng khac nhau. Tai 6
(i,0) chi c6 thé di ¢én 6 (i —1,0);tai 6 (i,1)c6 thé di dén (i —1,1) hoac (i —1,0); tai 6 (i, j) c6

thé di dén cac vi tri chuan.

Flgura & The shaded area
shows th2 reJion into which
the path can nevar move.
The rectangLlar boxes show
the 'spec al cases' for the
path. As n svmmetrical DTV,
row C is a special case as
normal. Additionally, in
asyrrmetric DTV, row 1 is
aso freated specially.

Vi

Hinh 1.49 Vung t6 mau mo ta ving ma cac huéng di chuyén khong bao gior di dén. Cac

hinh chir nhat mé ta 1a cac truong hop dic biét. Trong giai thuat DTW ddi ximg, dong 0 14 trudng
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hop dic biét, con trong giai thuat DTW bat dbi xing, dong 1 duge xir Iy khac véi cac trudng hop
con lai.

Céc truong hop déc biét thuong xay ratai vitri j =2i —1,va j = 2i, gia tri chi phi toan
cuc cho tung truong hop dugc tinh nhu sau:
— 2i—1: chi phi cuc b + gia tri nho nhat tai vi tri predCol[j—1] va
predCol[ j — 2]
— 2i: chi phi cuc bd + gia tri nho nhét tai vi tri predCol[ j — 2]
Ma gia ctua qua trinh nhu sau:

predCol0]=local cost at {0,0)
for i=1 to number of inpyt fealre veckors
curCol[C] = local cost at {1,1) + global cost at (-1 0)
for j=1 to {minimum of number of kempéabe fagitrae vackors and 2/+1)
shone J in highestJ
if the call (1]} is a special case twen
Ifitis now 1 then
curColfjj=local cost at (1] + global cost at (I-1}-1).
else
if the call (1]} is the lower of the specid aalr
curColfj]=ocal cost at {i,]) + minimum of global costs at {i-1,}-1) or (i .j-2).
olse
cur Colfj]=oca cosl w4l (i,)) + global cosd al ii-1,721.
eond
end
olze
ifitis now 1 then
curColflf]=ocal cosl & (1,); + minoourn of global cosls = {(i-1,)) o {i-1,-1).
else
curColfjl=ocal cost at {i.j; + minmum of global costs at {i-1.j). (-1.)1) or{i-1.}-2).
end
end
ond
predCol=curCal
end
minimum global cost is value in curColfxighastf]

Gia tri chi phi nho nhét 1a ¢t cudi cing luu trong highest]
1.5.2 Mo hinh chudi markov 4n [15]

1.5.2.1 Téng quan

Mo hinh Markov (Hidden Markov Model - HMM) an duoc sir dung trong viéc thong ké
mo hinh tao am thoai. Tinh hi¢u qua cua mo hinh dugc thé hién trong vi¢c co thé mé ta dic diém
cta tin hiéu 4m thoai theo dang toan hoc dé dang cho viéc xir 1y tin hiéu.

Céc trang thai cila HMM c6 duogc trude khi thye hién viée xir 1y cac trang thai (trich cac
thong s6). Nhu thé, ngd vao cia HMM chinh 1a chudi cac thong sd vector rdi rac theo thoi gian.
1.5.2.2 Pinh nghia mé hinh Markov in

Mo hinh Markov an 12 mét tap céac trang thai hitu han, ma mdi trang thai co lién quan dén
ham phéan phdi x4c suit. Viéc chuyén tiép giita cac trang thai dugc dinh nghia boi mot tap xac
suat duoc goi la xac suat chuyén tiép (transition probability). Trong mot trang thai cu thé, két qua
¢6 thé duge tao ra dua trén ham phan phdi xac suat twong tmg. Két qua nay khong phai 1a mot
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trang thai c¢6 thé nhin thiy duoc thong qua viéc quan sat cac trang thai, cho nén dugc goi 1a mo
hinh Markov an.

Trong md hinh Markov 4n, cac ky hiéu sau day duoc sir dung
- S luong trang thai cuia mé hinh, N .

- S lugng ky hiéu quan sat theo thir tu, M . Néu viéc quan sat 1a lién tuc thi c6 gia tri M
la vo han

- Tap céc trang thai xac suat chuyén tiep A = {a z‘/}
a, = pig.. = jlg, =i}, 1<i,j <N voi g, 1a trang théi hién tai.
- Xéc suét trang thai chuyén tiép phai thoa man rang budc truc giao sau

y

N
a.>0, lﬁl,]SNVézla[j=l, I1<i<N
/=
- Ham phan phdi x4c suét cia mdi trang thai B = {bj (k)}
b(ky=pla,=vg,=j} 1<j<N, 1<k<M véi v, dinh nghia cho ky hi¢u
quan sat thir & theo thir ty alphabet, va a, 1a vector thong s6 hién tai. Piéu kién
M
b,(k)=0, 1<j<N, 1<k<Mva)b(k)=1, 1<j<N
k=1

- Néu viéc quan sét 13 lién tuc thi phai dung ham mat do x4c suat lién tuc thay cho xéac sut
101 rac. Trong trudng hop ndy, cac thong sd ciia ham mat do xac suit lién tuc phai duoc
dinh ra. Thong thuong mat d6 xac suat xap xi voi trong sd tong M ciia phan b Gaussian

N

M
- bi(a)= Z;cij(,ujm,ij,at) voi

-, = h¢ s0 trong so
- M, = vector trung binh
- X = ma tran dong bién

jm

M
c,, théacicdidukién ¢, 20, 1<j<N, 1<m<Mva)ec, =1 1<j<N
m=1

- Trang thai ban dau cta ham phan phéi 7 = {7[1,} VOl 7T, = p{qi = i}, I<i<N
Ky hiéu A = (A,B ,7[) dung cho HMM vé&i ham phan phdi xac suét roi rac, va
A= (A,c o > 2 ,72') ding cho HMM véi ham mat do xac suét lién tuc
Mot sb tng dung mo hinh Markov an trong thuc tién 1a:

- Ung dung HMM trong viéc nhan dang am thoai c6 lap

- Ung dung HMM trong viéc nhan dang am thoai lién tuc

- Ung dung HMM trong viéc xtr Iy ciu triic da cip do cho vin pham tiéng Anh

- Ung dung HMM trong hoc ban théo viét tay
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1.5.2.3 U’ng dung HMM trong viéc nhdn dang am thoai co lap

Nhan dang c6 1ap véi nghia tong quat 1a nhan dang am thoai dua trén bét ky loai don vi
am thoai 6 1ap, c6 thé 1a mot tir hodc 1a mot phan cua tir hodc 1a mot sb tir lién tuc nhau. Dic biét
viéc nhan dang mot phﬁn cua tu trong ché do co lap co thé co duoc két qua tbt trong viéc nhan
dang céc tur lién tuc nhau tng véi cung k¥ thuat nhan dang.
Trong vAn dé nhan dang am thoai don vi ¢6 1ap, gia st tir vung chira N 4m thoai don vi, ta dung
hé théng mé ta ¢ hinh 1.1

L —_— 03
Spooch
input 0o
— Preprocesaing

Hinh 1.50 B§ nhan dang am thoai don vi c6 lap

C6 rat nhidu giai phap cho viéc nhan dang nay, vi c6 rat nhiéu cac tiéu chuan liwa chon tdi
wu, trong d6 tiéu chuan MMI 1a phuong phap dya vao Gradient. Phuong phap nay gém hai phan
nho: hudn luyén va nhan dang, sir dung mdi moét HMM cho viée nhan dang timg don vi &m thoai.
1.5.2.4 Ung dung HMM trong vi¢c nhdn dang ém thogi lién tuc

Trong ché d6 ¢6 lap, ta st dung mot HMM cho timg don vi 4m thoai, con trong trudng
hop nhan dang lién tuc, hé théng can nhan dang mot chudi cac am don vi két ndi lai voi nhau, doi
khi can nhén dién ca mot cau, hodc nhiéu cau. Khi d6 sd luong cau co thé rat 1én. Phuong phap
thuc hién cling tuong tu nhu trong nhan dang am thoai c6 1ap, bao gém hai budc huin luyén va
nhéan dang. Budc huén luyén co thé dung hodc 1a tiéu chuén MMI hodc 1a ML, va buéc nhan dang
¢6 thé str dung cac phuong phap nhu nhan dang trén co s& Veterbi, xdy dung cdp do, tim kiém N-
tdt nhat va tinh toan hiéu suat bd nhan dang.

1.5.3 Mang noron
1.5.3.1 Téng quan

Mang neural nhan tao (Artificial Neural Network - ANN) 1a mt mo hinh xur 1y thong tin
duya trén co ché hoat dong cua hé théng than kinh sinh hoc, nhu no bd. Thanh phén chinh yéu cua
md hinh nay 13 ciu tric ddc biét ciia hé thdng nay. N6 tap hop mot sé lugng 16n cac phan tir xir Iy
két hop noi tai (dugc goi 1a cac neuron) hoat ddng hop nhat dé giai quyét cac bai toan cu thé. Mot
ANN s& duoc cdu hinh cho mét ung dung cu thé nao do, vi du nhu nhan dang mo6 hinh hodc phan
loai dir li¢u thong qua qua trinh hoc. Viéc hoc trong hé théng nham muc dich diéu chinh cac két
ndi thudce ky tiép hop dugc phan chia trong té bao ma di co sin giita cac neuron.

Neuron nhan tao dau tién dugc tao ra vao nam 1943 bdi nha nghién ctru neuron hoc
Warren McCulloch va nha logic hoc Walter Pits. Nhung ky thuat thoi d6 khong cho phép neuron
phat trién dugc cac thé manh ciia n6. Mang neuron ndy nay cé nhiéu cai tién cling nhu dap ung
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dugc cac yéu cau dat ra ciia cac bai toan, mot sd uu diém ciia mang neuron ngdy nay so véi thoi
trude la:
1. Hoc thich ung: c6 kha nang hoc cach thuc thyc hién cong vi¢e dya trén cac dir liéu cho
san trong qua trinh hudn luyén hodc dinh cac théng s6 ban dau
2. Kha nang tu t6 chure: mot ANN c6 thé tu than td chirc hodc miéu ta cac thong tin ma no
nhan duogc trong sudt thoi gian hoc
3. Hiéu chinh 15i thong qua ma hoa thong tin du thira: ¢6 thé hity mot phan mang lam cho
hiéu suat hé thong giam. Tuy nhién, mot s mang c6 kha ning nhd duogc phan mang da
huy.
1.5.3.2 Phwong phdp hoc ciia ndo nguoi
Trong ndo ngudi, mot neuron s€ thuc hién nhi€ém vu thu thap cac tin hi€u tir cac neuron
khac thong qua cac cdu tric than kinh phirc tap dugc goi 1a dang cdy. Neuron gui cac hoat dong
dién thong qua s¢ mong, dai, goi la sgi truc than kinh axon, dugc phan chia thanh hang ngan
nhanh nho. Tai cudi mdi nhanh, mét cdu tric duge goi 1a khop than kinh synapse s& chuyén doi
cac hoat dong tr axon thanh cac hi¢u tng dién thyuc hién vi¢e tic ché hoic kich thich hoic dong
nay ddi voi cac neuron két ndi toi nhanh. Khi mot neuron nhan dugc tin hiéu kich thich dau vao
c6 mirc do so sanh twong d6i 16n so vai tin hiéu cAm ngd vao, neuron s& glri mot gai dién dén
axon cua nd. Viéc hoc xay ra theo cach thuc thay ddi hiéu lyc cua khép than kinh dan dén viéc
truyén thong tin tir mot neuron dén mot neuron khac vé su thay doi.

—_

Cell body

Nucleus

Axon

b

Dendrites

Hinh 1.52 Khép than kinh

1.5.3.3 Tir neuron ngwoi dén neuron nhén tao

Thuyc hién quan 1y cic mang neuron bang cach dau tién tim cach suy luan ban chét cia cac
neuron va céac két ndi noi tai bén trong. Sau do6 thuc hién viéc 1ap trinh dé gia l1ap cac dac tinh nay.
Tuy nhién, do nhan thirc vé cac neuron khong ddy du ciing nhu ning luc cua viée tinh toan 1a c6
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gidi han, cho nén mo6 hinh mang neuron nhan tao so véi mang neuron ngudi thudc dang “ly
tuéng” va don gian hon.

Cell body

Dandritas

. l Thrashold
|_ L 4

—
|
[ 1

—»

Summation

Hinh 1.53 M0 hinh neuron

“ry TEACH {TUSE

H2

INFUTS 5 OUTPUT

¥n ; Hf#ff*

TEACHING IMPUT

Hinh 1.54 M6 hinh héa m6 hinh neuron

M6 phong hoat dong ctia cac neuron than kinh, mang neuron nhan tao 1a h¢ théng bao
gd6m nhiéu phan tir xir Iy don gian (neuron) hoat dong song song. Tinh niang cua hé thong nay tiy
thudc vao ciu trac cua hé, cac trong s6 lién két neuron va qua trinh tinh toan tai cac neuron don I¢.
Mang neuron c6 thé tr di liéu miu va téng quat hoa dua trén cac dir liéu mau hoc.

& ] &L e

Lép &
W T fed b J— dni
- -
TG

Hinh 1.55 Mo hinh mang Neuron theo céac l6p

Mot nhém cac neuron duogc to chirc theo modt cach sao cho tit ca chung déu nhan cung
mot vector vao X dé xu ly tai cuing mot thoi diém. Viéc san sinh ra tin hiéu ra cta mang xuét
hién cung mét lac. Vi mdi neuron c6 mot tap trong 6 khac nhau nén c6 bao nhiéu neuron s& san
sinh ra béy nhiéu tin hi€u ra khac nhau. Mt nhom cac neuron nhu vay duoc goi 1a mot 16p mang.
Chung ta c6 thé két hop nhiéu 16p mang tao ra mot mang c6 nhiéu 16p, 16p nhan tin hiéu dau vao
(vector tin hi¢u vao x) dugc goi la 16p vao (input layer). Trén thuc té chung thyc hién nhu mot bo
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dém chura tin hiéu dau vao. Cac tin hiéu dau ra cua mang dugc san sinh ra tr 16p ra cua mang
(output layer). Bat ky 16p ndo nam gitra 2 16p mang trén dugc goi 1a 16p an (hidden layer) va né 1a
thanh phan ndi tai ciia mang va khong c6 tiép xtic nao véi moi truong bén ngoai. S6 luong 16p 4n
c6 thé tir 0 dén vai 16p. M6 hinh neuron nhan tao doi hoi 3 thanh phan co ban sau:

- Tép trong sb lién két dic trung cho cac khép than kinh.

- BO cong (Sum) dé thuce hién phép tinh téng cac tich tin hiéu vao voi trong s lién két tuong Ung

- Ham kich hoat (squashing function) hay ham chuyén (transfer function) thuc hién gi6i han dau
vao cua neuron.

Trong mo hinh neuron nhan tao mdi neuron duoc ndi véi cac neuron khac va nhan duge tin hiéu

X, tir chung vdi cac trong s6 w, . Tong thong tin vao c6 trong s6 la: Net = Z WX

1.5.3.4 Ung dung mang neuron trong nhdn dang tiéng noi

Mang neuron (Neuron Network) 1a mot cong cu co kha ning giai quyét duoc nhiéu bai
toan kho, thyc t& nhitng nghién ciru vé mang neuron dua ra mot cach tiép can khac voi nhimng
cach tiép can truyén thng trong 1y thuyét nhan dang. Trong thuc té, mang neuron dugc trién khai
¢6 hiéu qua trong nhan dang tiéng noi thudng ding mang neuron lan truyén nguoc hudng (Back-
propagation Neural Network) hodc két hop véi phuong phap ma dy doan tuyén tinh LPC (Linear
Predictive Coding).
1.5.3.4.1 So luge vé Iy thuyét nhdn dang

Ly thuyét nhan dang 14 phuong phap dé xay dung mot hé thong tin hoc c6 kha ning: cam
nhan-nhdn thirc-nhan biét cac dbi twong vat Iy gin gidng kha ning cia con ngudi. Nhan dang cd
gén chat voi 3 kha nang trén 1a moét linh vuc hét stre rong co lién quan dén viée xir 1y tin hi¢u
trong khong gian nhiéu chiéu, mo hinh, do thi, ngon ngit, co s¢ dir lidu, phuong phap ra quyét
dinh... HE théng nhan dang phai c6 kha ning thé hién duoc qua trinh nhan thirc ctia con nguoi qua
cac muc:
- Mtrc 1- mitc cam nhan: cam nhan dugce su ton tai cac dbi tugng quan sat, hay dbi tuong ma hé
thdng can nhan dang. Mirc nay ciing dua ra qué trinh thu nhéan sé liéu qua cic b cam bién trong
hé théng nhan dang, vi du trong hé théng nhan dang tiéng néi: ddi twong & day la tiéng noi
(speech) va thu nhan dau vao qua Micro hodc cic file 4m thanh .wav.
- Muc 2- mirc nhan thuc: ¢ day biéu dién qua trinh hoc, mé hinh hoa dbi tuong dé tién toi hinh
thanh sy phan 16p (classification) cac d6i trong can nhan dang.
- Mtic 3- mirc nhan biét: tir d6i twong quan sat c6 thé tra 10i nhan biét ddi tuong 1a gi ? Hay day 1a
qua trinh ra quyét dinh.

| 2 | . = | s | |
L oo Thu nhis | 55 Lifu Tillm wl 1§ [sEi Buom Tirich shpn | Difu difs | Mo link Gl
T e =
il Juan wkt LT T | 5 b gl ailis Ak Bah | Ak HEl I w1 plalin bp

[ .

Diimbs gid oladk Tud L RKa quyll dimk T wh
ey nkin dgng ahgn dasg phdn Loy 1u ok Aink

Hinh 1.56 So d tong quan cta hé thong nhan dang

1.5.3.4.2 Nhdn dang tiéng néi diing mang Neuron

Hinh 1.57 mé ta chirc ning co ban cua hé thong nhan dang tiéng noi
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Hinh 1.57 So d6 khéi mo ta hé thong nhan dang tiéng noi

Phuong an lya chon s nut cta tig 10p trong mang: theo kinh nghiém ctia céc chuyén gia
vé mang neuron trong cac bai toan phan 16p c6 sir dung mang lan truyén nguoc hudng, sir dung 1
16p tinh toan 1a 16p mang Kohonen 1am 16p an. Viéc xac dinh s6 neuron cho ting 16p.
+ 86 neuron 16p vao = sb chidu cuia vector vao
+ 86 neuron 16p Kohonen = s gia tri cac tap tra 10
+ S6 neuron 16p ra = sb lugng két qua dau ra, sir dung phuwong phap ma hoa bang sd bit biéu dién
s6 luong két qua
Phuong phép hoc canh tranh cta 16p an va qua trinh hoc c¢6 chi dao tai 16p ra cua mang theo cac
budce sau:
+ Khéi tao trong s6: cac thanh ph?m ma tran trong s6 duge khoi tao boi gia tri ngau nhién
+ Poc tin hiéu vao cho mang: dir liéu trong file mau chira thong tin mau hoc va cho két qua gom 2
thanh phan: mang 1 chiéu chira vector tin hiéu vao va mang 2 chiéu chtra ma tran trong sb lién két
ban dau cua 16p Kohonen

+ Hi€u chinh ma tran trong sb 16p Kohonen: hi¢u chinh trong s6 lién két neuron 16p an Kohonen

sao cho mang co thé hoc mau tdt nhat.

Phuong phép nhéan dang
- Pau vao: file chira dit liéu tin hiéu tiéng n6i can nhan dang va file chtra thong tin trong
sd lién két neuron 16p an va 16p ra. Ngoai ra dau vao ngudn 4m ciing ¢ thé 1a tir micro
thong qua sound card, luc nay dir li¢u tiéng néi dugc doc trong buffer dir li€u cua
Windows.

- Pau ra: két qua can nhan dang
Qua trinh nhan dang tiéng no6i dugce thyc hién qua cac budc:
+ Poc tin hiéu vao: doc dit liéu tur file wav hoac tir buffer dir li€u am thanh
+ Xr Iy tin hiéu giéng nhu chirc nang phan tich LPC & trén
+ Poc ma tran trong s6 lién két 16p an va 16p ra cia mang
+ X4ac dinh neuron trung tam

+ Tra ctru két qua: tra ctru trén ban do topo mang neuron dé dua ra gid tri can nhan dang.
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CHUONG 2: KY THUAT XU LY ANH

2.1 TONG QUAN VE XU LY ANH VA VIDEO SO

Xt Iy anh s6 1a linh vuc khoa hoc twong d6i méi mé va dugce quan tdm nhiéu hién nay.
Hai ing dung co ban cua xir Iy anh 13 nang cao chét luong hinh anh va xa 1y anh ciing nhu
video sb v6i muc dich Iuu trit hodc truyén qua cac hé thong truyén dan hinh anh.

Trong phan ndy, chung ta s& d& cap t6i nhung van dé sau:

1- Gi6i thiéu khai niém co ban vé anh s va xu 1y video s6, x4c dinh ranh gidi cua linh
vuc xu ly anh.

2- Gidi thiéu cac tmg dung quan trong cta xir Iy anh trong mot s6 linh vure khoa hoc

3- X4c dinh cac giai doan co ban trong qua trinh x1r 1y anh;

4- Gidi thiéu cac thanh phan cua hé théng xir 1y anh tong quat.

2.1.1 Khdi niém co ban vé xir Iy anh

Hinh &nh tinh c6 thé dugc biéu dién boi ham hai chiéu f(x,y), trong do, x va y la toa do
khong gian phing (2 chiéu). Khi xét anh "den-tring", gia trj ham f tai mot diém duoc xac
dinh boi toa do (x,y) duoc goi la do chdi (mic xam) cia anh tai diém nay. Néu x,y,va f la
mot s hién hitu céc gia tri roi rac, chung ta c6 anh s6. Xt ly anh $6 1a qua trinh bién dbi anh
s6 trén may tinh (PC). Nhu vy, anh s6 dugc tao ra boi mot s6 hiru han cac diém anh, mdi
diém anh nam tai mot vi tri nhat dinh va c6 1 gia tri nhat dinh. Mot diém anh trong mot anh
con dugce goi 1a mot pixel.

Hé théng thi giac 1a co quan cam nhan hinh anh quang hoc tuong ddi hoan hao, cho
phép con nguoi cam nhan duge hinh anh quang hoc trong thién nhién. Ung dung quan trong
nhét cta xir 1y anh 1a bién d6i tinh chat ciia anh s6 nham tao ra cam nhén vé su gia tang chat
luong hinh anh quang hoc trong hé thong thi giac.

Tuy nhién, mit nguoi chi cam nhan duogc song dién tir 6 budce song han ché trong ving
nhin thiy duoc, do d6 anh theo quan niém thong thuong gan lién voi hinh anh quang hoc ma
mét ngudi co thé cam nhan. Trong khi d6 "anh" dua vao xir Iy ¢ thé dugc tao ra boi cac
nguén burc xa ¢cb phé rong hon, tir s6ng vo tuyén tdi tia gamma, vi du: 4nh do song si€u am
hodc tia X tao ra. Nhiéu hé théng xu ly anh c6 thé tuong tac voi nhiing "anh" néu trén, vi vay
trén thue té, linh vuc xt Iy anh c6 pham vi tudéng ddi rong, va lién quan toi nhiéu linh vuc
khoa hoc khac.

C6 thé tam phan biét cac hé thong xir 1y anh theo mirc d6 phirc tap cta thuét toan xir ly
nhu sau:

1- Xir Iy anh mirc thap: d6 1a cac qua trinh bién ddi don gian nhu thyc hién cac bo loc
nham khtr nhidu trong anh, ting cuong do twong phan hay do nét ctia anh. Trong truong hop
nay, tin hiéu dwa vao hé thdng xur 1y va tin hiéu & dau ra 13 anh quang hoc.
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2- Xt Iy 4nh murc trung: qua trinh xtr Iy phuc tap hon, thuong duge st dung dé phan
16p, phan doan anh, xac dinh va du déan bién anh, nén anh dé luu trir hodc truyén phat. Pic
diém cua cac hé thong xtr Iy anh murc trung 14 tin hiéu du vao 1a hinh anh, con tin hiéu dau ra
1a cac thanh phan duoc tach ra tir hinh anh gdc, hodc ludng dir liéu nhan dugc sau khi nén
anh.

3- Xt@r ly anh muc cao: 1a qua trinh phan tich va nhan dang hinh anh. Pay cling 1a qua
trinh xir 1y duoc thuc hién trong hé thdng thi giac cta con nguoi.

2.1.2 Linh vuc &rng dung k¥ thuit xir ly anh

Nhu d3 noi & trén, cac ky thuat xt 1y anh trude day chu yéu duoc st dung dé nang cao
chét luong hinh anh, chinh xac hon 1a tao cam giac vé su gia tang chit luong anh quang hoc
trong mat nguoi quan sat. Thoi gian gan day, pham vi ung dung xir Iy 4nh mé rong khong
ngimg, c6 thé nodi hién khong c6 linh vuc khoa hoc nao khong sir dung céc thanh tuyu ctia cong
nghé xir Iy anh s .

Trong y hoc céc thuat téan xir Iy anh cho phép bién doi hinh anh dugc tao ra tir ngudn
blic xa X -ray hay ngudn biic xa siéu am thanh hinh anh quang hoc trén bé mit film x-quang
hoic truc tiép trén bé mit man hinh hién thi. Hinh anh cic co quan chirc ning ctia con ngudi
sau d6 co thé dugc xur 1y tiép dé nang cao do twong phan, loc, tach cac thanh phan can thiét
(chup cit 16p) hodc tao ra hinh anh trong khong gian ba chiéu (siéu &m 3 chiéu).

Trong linh vuc dia chat, hinh anh nhan duoc tir vé tinh co thé dugc phan tich dé xac
dinh céu triic bé mat trai dat. Ky thuat lam ndi dudng bién (image enhancement) va khoi phuc
hinh anh (image restoration) cho phép nang cao chat lwong anh vé tinh va tao ra cic ban db
dia hinh 3-D véi d6 chinh xac cao.

Hinh 2.1.1 Anh nhan dugc tir vé tinh dung trong khi tuwong hoc

Trong nganh khi twong hoc, anh nhan dugc tir hé théng vé tinh theo di thoi tiét cling
duoc xir 1y, ndng cao chat lugng va ghép hinh dé tao ra anh bé mat trai dat trén mot ving rong
16n, qua d6 ¢ thé thuc hién viéc du bao thoi tiét mot cach chinh xac hon. Duya trén cac két
qua phan tich anh vé tinh tai cac khu vuc dong dan cu con c6 thé du déan qué trinh ting
truong dan sd, téc dd 6 nhiém méi truong cling nhu cac yéu td anh hudng t6i méi truong sinh
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thai. Anh chyp tir vé tinh ¢ thé thu dugc thong qua céc thiét bi ghi hinh cam nhan duoc tia
sang quang hoc (A =450—-520 nm ) (hinh 2a), hodc tia héng ngoai (A =760—-900 nm ) (hinh
2b). Trén hinh 2a va 2b 1an luot 13 4nh bé mat trai dt nhan duoc tir 2 dng ghi hinh noi trén, dé
dang nhén thiy sy khac biét rd rang giita hai anh. Pic biét trén anh 2b, hinh con song duoc
tach biét rat rd rang so véi ving anh hai bén bo. Thiét bi thu hinh nhay cam véi vat thé birc xa
céc tia trong mién hong ngoai sé& cho ra nhimg birc anh trong d6 vat thé c6 nhiét do thap sé
dugc phan biét 1d rang so vi vat thé ¢ nhiét dd cao hon. Nhu vy viéc lya chon cac thiét bi
ghi hinh khac nhau s€ tao ra anh c6 déc tinh khac nhau, tuy thudc vao muc dich st dung trong
cac linh vuc khoa hoc cu thé .

2.2.1a 2.2.1b
Hinh 2.1.2 - Anh bé mat trai dat thu duoc tir hai camera khac nhau

Xur 1y anh con dugc st dung nhiéu trong cac hé thong quéan 1y chat lugng va sd luong
hang hoa trong céac day truyén tu dong, vi du nhu hé théng phan tich anh dé phat hién bot khi
bén vat thé duc b?mg nhya, phat hién céc linh kién khong dat tiéu chuéan (bi bién dang) trong
qué trinh san xuat hodc hé thong dém san pham théng qua hinh anh nhén dugc tir camera
quan sat.

Xu 1y anh con dugce s dung rong rai trong linh vuc hinh su va cac hé théng bao mat
hodc kiém soat truy cdp: qué trinh xtr Iy dnh v&i muc dich nhan dang van tay hay khuon mat
cho phép phat hién nhanh cac ddi tuong nghi van ciing nhu nang cao hiéu qua hé théng bao
mat c4 nhan cling nhu kiém soét ra vao. Ngoai ra, c6 thé ké dén cac tmg dung quan trong khéc
ctia k¥ thuat xir Iy anh tinh cling nhur anh dong trong doi sdng nhu ty dong nhan dang, nhan
dang muc ti€u quan su, may nhin cong nghiép trong cac hé théng diéu khién ty dong, nén anh
tinh, 4nh dong dé luu va truyén trong mang vién théng v.v.

2.1.3 Cac giai doan chinh trong xir ly 4nh

1- Thu nhan hinh anh: day 14 giai doan dau tién va quan trong nhét trong toan bd
qua trinh xtr Iy anh. Anh nhan dugc tai day chinh 13 anh gbc dé dwa vao xir Iy tai cac giai doan
sau, truong hop anh gdc ¢ chit lugng kém hiéu qua cua cac bude xur 1y tiép theo s& bi giam.
Thiét bi thu nhan c6 thé 1a cac 6ng ghi hinh chan khong (vidicon, plumbicon v.v.) hoic thiét
bi cam bién quang dién ban din CCD (Charge-Coupled Device).
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2- Tién xir Iy anh: giai doan xu 1y twong dbi don gian nham néng cao chat luong
anh dé tro giup cho cc qua trinh xtr Iy nang cao tiép theo, vi du: ting do twong phan, lam nodi
duong bién, khir nhiéu v.v.

3-  Phan doan: 1a qua trinh tach hinh anh thanh cac phan hodc vat thé riéng biét. Day
1a mot trong nhung van dé kho giai quyét nhat trong linh vuc xir Iy anh. Néu thuc hién tach
qua chi tiét thi bai toan nhan dang cac thanh phan duoc tach ra tré nén phuc tap, con nguoc lai
néu qua trinh phan doan duoc thuc hién qua thd hodc phan doan sai thi két qua nhan duogc
cudi cung s& khong chinh xac.

4-  Biéu dién va m6 ta: 1a qua trinh xtr 1y tiép sau khau phan doan hinh anh. Céc vat
thé sau khi phan doan c6 thé dugc mé ta dudi dang chudi cac diém anh tao nén ranh gi¢i mot
vung, hodc tap hop tat ca cac diém anh nam trong ving d6. Phuong phap mé ta thong qua
ranh giéi ving thuong duoc str dung khi can tap trung su cha ¥ vao hinh dang bén ngoai cta
chi tiét anh nhu do cong, cac goc canh v.v. Biéu dién ving thudng duoc str dung khi ching ta
quan tam t4i dac tinh bén trong cua vung anh nhu duong van (texture) hay hinh dang skeletal.

5- Nén anh - bao gém cac bién phap giam thiéu dung lugng bd nhé can thiét dé luu
trit hinh anh, hay giam bang thong kénh truyén, can thiét dé truyén tin hiéu hinh anh sd.

6- Nhén dang: 14 qua trinh phan loai vat thé dya trén co sé cac chi tiét mo ta vat thé
do6 (vi du cac phuong tién giao thong c6 trong anh).

Céc qua trinh xt 1y liét ké & trén déu duoc thuc hién dudi su giam sat va diéu khién dua
trén co s cac kién thirc vé linh vue xir Iy anh. Cac kién thirc co ban c¢6 thé don gian nhu vi tri
ving anh noi c¢6 nhitng thong tin can quan tim, nhu vay c6 thé thu nhé ving tim kiém.
Truong hop phtic tap hon, co s kién thirc c6 thé chtra danh sach tat ca nhitng hu hong ¢ thé
gip trong qua trinh kiém soat chat luong thanh phdm hodc cac anh vé tinh c6 do chi tiét cao
trong cac hé thdng theo ddi su thay doi méi truong trong mot ving. Ngoai viée diéu khién
hoat dong cta ting modul xtr 1y anh (hinh 2.1.3), co s& kién thirc con sir dung dé thuc hién
viéc diéu khién tuong tac giita cic modules. Trong hinh 2.1.3, qua trinh diéu khién ndi trén
duogc biéu dién bang mii tén hai chiéu.
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Hinh 2.1.3 Céc giai doan xur 1y anh s6
2.1.4 Cac phan tir ciia hé thong xir 1y anh s
Céu triic mot hé thong xir 1y anh da dung ding dé thuc hién cac giai doan xir Iy anh dé
cap o trén dugc mo ta trén hinh 2.1.4.

Mép hinh Bo6 nh&
hién thij trong

Bd nh& o . Phan mém
> K maytinn )T ERT
ngoai x ly anh

Bo xur ly
hinh anh
chuyén dung

ﬁ

Thiét bj thu
nhan hinh anh

Hinh 2.1.4 Céc thanh phan chinh ctia hé théng xir 1y anh

Thiét bi thu nhdn hinh anh: 13 thiét bi bién d6i quang-dién, cho phép bién d6i hinh anh
quang hoc thanh tin hiéu dién dudi dang analog hay tryc tiép dudi dang sd. Co nhidu dang

cam bién cho phép lam viéc v6i anh sang nhin thiy hodc hong ngoai. Hai loai thiét bi bién d6i
quang — dién chu yéu thudng duoc sir dung 13 dén ghi hinh dién tir va chip CCD (Charge
Couple Device — linh kién ghép dién tich).
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Ong vidicon 13 dai dién tiéu biéu cho ho dén ghi hinh dién tir duoc sir dung twong dbi
rong rai trong camera mau cling nhu den trang. Ong Vidicon ¢6 kich thudc nho gon (dudng
kinh 18-25 mm, chiéu dai 10-12 cm), nhe, cdu tao don gian, d& sir dung. Pén hinh nay st
dung nguyén ly hi¢u ing quang dién trong va nguyén ly tich liiy dién tich.

Chip CCD 12 linh kién ban din c6 kha ning bién ddi ning lwong quang phd thanh tin
hiéu dién. Thanh phin chinh ctia chip CCD la cic tu dién MOS (Metal-Oxide-
Semiconductor). Tu dién MOS dugc hinh thanh bai ba 16p: mot ma tu bang kim loai, chat
dién moi nam giira 13 16p SiO, va mot ma tu bang 16p ban dan loai p hodc n (hinh 2.1.5).

+U

Dién cuc kim loai

Nén bdn dédn "p"'

Hinh 2.1.5 CAu trac tu dién MOS

Mot chudi tu dién MOS phan bd déu trén bé mit chip CCD duoc biéu dién trén hinh
2.1.6a, mdi tu dién v6i bé mit cam quang 12 mé ban din s& tao ra mot diém trén hinh anh thu
dugc.Theo phuong phap dich chuyén dién tich, cac chip CCD c6 thé chia ra 1am hai loai:
CCD dang chudi (mét chiéu) va dang ma tran (hai chiéu).

Trén Hinh 2.1.6a 14 cdu tric chip CCD dang chudi, qué trinh ghi (tich dién) va doc duoc
thuc hién tai hai khu vuc khéac nhau, goi la mién tich dién va mién nhé. Hai khu vuc trén duoc
ngin cach boi cong chuyén dich. Sau khi két thuc qua trinh tich dién tai cac phan tir cam
quang, dién tich s& dugc truyén song song qua cong chuyén dich vao thanh dich ngang (khong
nhay cam véi anh sang) tirc mién nhd. Sau khi cong chuyén dich dong lai, qué trinh ghi va
doc tai hai mién néi trén s& dugce tién hanh song song.
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Chip CCD sir dung trong may quay video thudng ¢ cau tric ma tran (hinh 2.16b). Cac
phén tor cam quang trong CCD tép hop thanh ma tran hai chiéu, qué trinh “doc” tin hi¢u duoc
thuc hién theo chiéu ngang va chiéu doc. C6 nhiéu cach t6 chirc qua trinh ghi va doc tin hi¢u
trong CCD, nhung pho bién nhat 1a phuong phép dich chuyén timg anh. Khi sir dung phuong
phap nay, trong chip CCD dugc thiét ké mot mién nho, khong tiép xuc voi anh sang va c6
dién tich bang mién tich lity — 14 ma trén cc phan tir cAm quang.

Dién tich thu duoc tai mién tich Ity duoc chuyén vé mién nhé. Sau do, qué trinh ghi
anh tai mién tich lily va doc anh tir mién nhé vao thanh dich ngang s& dugc tién hanh song
song.Tung dong anh dugc dich chuyén xuéng thanh dich ngang, sau d6 cac goi dién tich ing
voi cac diém trong dong anh s€ dugc déy ra lan luot khoi thanh dich. Sau khi toan bo anh
trong mién nhé duge doc ra hét, mot &nh mdi tir mién tich Iy s€ lai dugc chuyén vé day.Véi
nhitng tinh ndng vuot trdi trudc 6ng ght hinh dién tir cd dién, linh kién bién d6i - quang dién
CCD duoc sir dung rat rong rai trong cong nghé truyén hinh va anh sd. Hau hét cac camera
quay video din dung va ban chuyén nghiép (semi-professional) duoc thiét ké trén co s& chip
CCD.

Bé nhé trong va ngodi trong cac hé théng xtr Iy anh sb thuong cé dung luong rat 16n

dung dé luu trix anh tinh va dong dudi dang s6. Vi du, dé luu mot anh s den tréng kich thudc
1024x1024 diém, mdi diém dugc ma hoa béng 8 bits can b nhé ~IMB. Pé luu mdt anh mau
khéng nén, dung luong bd nhé phai tang 1én gip 3. B6 nhd sb trong hé théng xir 1y anh co thé
chia 1am 3 loai: 1- bo nhd dém trong may tinh dé luu anh trong qua trinh xir Iy. B6 nhé nay
phai c6 kha ning ghi/doc rat nhanh (vi du 25 hinh/s); 2- bd nhé ngoai c6 tbe do truy cip
twong ddi nhanh, ding dé luu thong tin thuong dung. Cac bd nhé ngoai c6 thé 13 6 cing, thé
nh¢ flash v.v.. 3- B4 nhé dung dé luu trix dir liéu. Loai bd nhé nay thuong c6 dung lugng 16m,
tbc do truy cip khong cao. Thong dung nhét 1a dia quang ghi 1 1an (ROM) hodc nhiéu lan
(ROM) nhu dia DVD c¢6 dung lugng 4.7GB (mdt mat). Ngoai ra trong hé théng xir 1y anh con
str dung cac thiét bi cho phép luu anh trén vat liéu khac nhu gidy in, gidy in nhiét, gidy trong,
d6 c6 thé 1a may in phun, in laser, in trén gidy anh dic biét bang cong nghé nung ndng v.v.
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Bo xur Iy anh chuyén dung:

Xt dung chip xt ly anh chuyén dung, c6 kha nang thuc hién nhanh cac 1&€nh chuyén
dung trong xir Iy anh. Cho phép thuc hién cac qua trinh xir 1y anh nhu loc, lam ndi dudng bao,
nén va giai nén video s6 v.v.. Trong bd xtr Iy anh thuong tich hop bo nhé dém co tdc do cao.

Man hinh hién thi: Hé thong bién dbi dién - quang hay dén hinh (den trang ciing nhu

mau) c6 nhiém vy bién doi tin hiéu dién c6 chira thong tin ciia anh (tin hiéu video) thanh hinh
anh trén man hinh. C6 hai dang display dugc st dung rong rai 1a dén hinh CRT (Cathode-Ray
Tube) va man hinh tinh thé 1ong LCD (Liquid Crystal Display). Bén hinh CRT thudng c6 kha
nang hién thi mau sic t6t hon man hinh LCD nén duoc dung phd bién trong cac hé thong xur
1y anh chuyén nghiép.

May tinh: c6 thé 12 may tinh dé ban ciing nhu siéu may tinh c6 chtc ning diéu khién tat
ca cac bo phan chire ning trong hé thong xu 1y anh sb.

2.1.5 Biéu dién 4nh sb

Trong phan nay, ching ta s& dé cap toi mot sé nhitng kién thirc co ban va ky hiéu duoc
st dung trong linh vuc xir Iy anh. D6 1a cac van dé vé anh sang, mau sic, kha ning tiép thu
hinh anh quanh hoc ctia hé thong thi giac. Tiép theo 1a qua trinh bién d6i anh analog thanh tin
hiéu anh sd, cach biéu dién hinh anh sb, anh huong ctia qua trinh 1dy mau va lugng tir hoa téi
chat luong anh sd. Ngoai ra, trong phan nay s& xét t6i quan hé twong quan giita cac diém anh,
nhimg kién thtrc co ban nay s& duoc str dung rong réi trong cac phan sau ctia bai giang nay.

2.1.5.1 Anh sing, mau sdc va hinh dnh

Phé cua cac song dién tir trong thién nhién trai dai tir tia gamma (10" m) dén séng
radio (10™*-10* m). Mit ngudi chi cam nhan dugc nhitng song dién tir co bude séng tir 380
nm (tia mau tim) d&én 780 nm (tia mau do) (hinh 2.1.7).

bo 780 nm
Cam 630
Vang 600
Luc 580
Lo 500
Lam 460

= Tim 380

Hinh 2.1.7 Cac mau quang pho trong anh sang mat troi

Céc buc xa dién tur dac biét noi trén duge goi l1a anh sang. Trong linh vyc xu 1y anh,
ngudi ta chi quan tim dén phan ning luong birc xa ma mat ngudi cam nhan duoc. Cac dai
lugng tric quang duoc sir dung dé danh gia tinh chat ctiia ngudn sang: quang thong, do sang,
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d6 roi va do choi. Pé danh gia dugc tic dong cta anh sang 1én mat ngudi, ching ta phai luu
dén hai yéu t6 quan trong:

1 — Mit ¢6 d6 nhay cam khong dong déu ddi véi cac tia buc xa cd budc song khac nhau.
Trén dd thi do nhay cua mat ngudi (Hinh 2.1.8) ta thiy vang luc — vang (A ~ 555 nm) 14 noi
nhdy cam nhat cia mat.

2 — Mat do phan bd cong suét ciia cac ngudn sang trong thién nhién khong dong déu

trén truc tan s6 (hinh 2.1.9).

vV \ tim duong luc vang cam dé
380 460 500 590 630 700
i,
0,8
>
E /
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Hinh 2.1.8 Pap ung pho (d6 nhay) cia mat ngudi
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Hinh 2.1.9 Db thi phan bd cong suét ciia cac ngudn bire xa:
1- Bau troi phia bic 2- Bén dién 3- Mit troi
4- Ngudn sang dang ning E
Truong hop téng quat, mot ngudn birc xa 6 thé dic trung boi ham mat d6 phan bd cong
suét trén truc tan sd p(ﬁ,):
dP(1)

(1)= — (Watt/um) 2.1.1)

A - bude soéng (um);
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P(l) — cOng suat ngudn birc xa cd budc song A (Watt);
Cong suét toan phan cua ngudn anh sang c6 phd lién tuc (4nh sang mit troi, ang sang
deén dbt nong v.v.) sé bang:

780

Py = [p(2)-da (2.1.2)

370

D¢ dac trung cho phan ning lugng birc xa c6 ich (cim nhan duge bang mit) ta dua ra

khai niém quang théng F’

780
F=K [V(2)p(2)-dA  (lumen) (2.1.3)

370
V(/l) - ham d6 nhay pho twong ddi ctia mét nguoi (khong cé don vi).
Trén dd thi V (/1) (hinh 2.1.8) ta théy mét nguoi cam nhan tdt nhat tia buc xa cd bude
song 555 nm, do do V(555 nm) =1.
K 1ahé s ty 18 gitta quang thong va cong sudt birc xa.
Mot sb vi du vé don vi quang thong:

1- Bong dén soi toc c6 thudng co hé s phat sang 1a 8 — 15 lumen/watt, khi cong suit
bong 1a P=100 watt, quang thong ctia dén s& bang F = 800 +1500 lumen .

2- Pé ¢6 hinh anh du d6 choi trén man hinh 6x8m, quang théng cta dén chiéu phai dat
la 8000 lumen.

N6i chung, quang thong clia mot ngudn sang c6 thé phan bd khong dong déu trong moi
phuong hudng. Do do ta dinh nghia dai lugng d6 sang I dac trung cho kha ning phat sang cta
ngudn sang theo mot huéng nao d6 (hinh 2.1.10):

I dF( dela®) (2.1.4)
= ——, (candela R
dQQ

4 dsS
Q - gbc khoi; dQ = —  (sr—steradian)
r

dF — quang théng truyén qua goc khéi dQ.

' Lumen (lat.) — nguon sang
? Pon vi d0 sang 1a candela (cd) — 1a 1 trong sau don vi co ban hé SI. 1 candela 1a d6 sang do theo phuong
vuong goc cla bé mat platin, & nhiét 6 dong dac, (2046,5 K), c6 dién tich 1/607=0.0053 cm’.
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Hinh 2.1.10 Minh hoa d9 sang ctia ngudn diém

Arr?

2
r

Goc khdi 16n nhat 13 Q = =47, do d6 do sang trung binh ctia ngudn diém’ s&

bang toan by quang thong chia cho goc 4r:
_F,_F,
T Q 4Ar
Thi du: Bong dén soi toc cong suat P=100 watt, F =800=1500 [umen, s& cho do

sang trung binh la:

F, 8001500
4 4

=60+120 candela

Quang théng va do sang 1a hai dai lugng dic trung cho ngudn sang.
b0 roi E 1a dai lugng dic trung cho bé mat duge chiéu sang.

b0 roi 1a mat do phan bd quang thong trén bé mat duge chiéu sang:
dF
E =— (lux® (2.1.5)
ds

1 lux 1a d0 roi 1én mot bé mat khi 1 m> bé mat d6 nhan dugc quang thong bang 1
lumen.

Xét bé miat duoc chiéu sang dS boi ngudn diém A (Hinh 2.1.10). Dién tich bé mat hinh
cau gioi han trong goc khéi dQ 1a dS, a 1a goc gitta phap tuyén cia dS va phap tuyén dS,.

3 Nguodn diém 1a ngudn sang c6 kich thude (d) nho hon nhiéu lan so véi khoang cach (1) dén bé mit dugc
chiéu sang (1> 10d).

* lux (lat.) — chiéu sang
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dS, dS -cosa

2 2 ’
r r

dFF 1IdQ) [ dS -cosa
ES:_:—:_—2
as dS dS r
I -cosa
ES:—2
r

dQ =

(2.1.6)

Nhu vay do roi cua bé mit duoc chiéu sang boi nguén diém ty 1€ nghich vo61 binh
phuong khoang cach gitra ngudn sang va bé mit do.

Bang dudi day cho ta d roi trong mot s trudng hop:

2.1.6 Bang2.1.1

Vit dugc roi sang Do roi (Ix)
Man hinh chiéu bong (kino) 40-200
Trudng quay (studio) 2000
Trang sach luc doc 30

Vit thé trong bong ram (ban ngay) 1000

Vit thé ngoai ning 100000

Do choi L 1a dai luwong dac trung cho bé mat phat sang (trong khi dg roi dac trung cho
bé mit duoc chiéu sang).

Do choi 1a mat do do sang trén bé mat phat sang. Do choi dac trung cho mac do sang
ctia ngudn sang. Cho bé mit phat sang Sy, Theo hudng truc giao véi Sy, do chéi sé bang:

_1y

L, (candel/ m? ) (2.1.7)

Pon vi d0 chdi con goi la Nit ( Nit 1a dd choi cua nguén sang co6 dién tich 1 m? va
cuong d6 sang 1a 1 candela theo hudng vudng goc voi bé mit ngudn sang)

Dudi day 1a d6 chéi cua mot s6 ngudn sang:

Bang 2.1.2

Vit phat sang D6 choi (cd/m?)
Man hinh chiéu phim 10-30

Boéng hinh TV 40-80

Soi toc dén chiéu sang 510°% 10’

Mit troi 1.510°

CuuDuongThanCong.com
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2.1.6.1 Mau sic va cdc théng soé dic trung

Cam nhan vé mau sic 1a két qua cua sy nhan biét chu quan cua mat nguoi dudi tac
dong ctia anh sang. Dé giai thich co ché cam nhan mau ctia mat nguoi, cac nha khoa hoc da
dua ra nhiéu gia thuyét khac nhau, trong d0, thuyét ba thanh phan cam thu mau, do nha bac
hoc Nga Lomonoxdp dua ra nim1756 dugc cong nhan rong rai hon ca (T. Young nim 1801
— ciing dua ra gia thiét vé “ba nhoém té bao cam nhan” trong mat va mo hinh mét nguoi).
Theo thuyét nay, cac té bao hinh nén trén vong mac c6 thé chia ra ba loai. Mdi loai té bao dic
biét nhay cam véi nhimg ving phd nhat dinh trong dai quang phd — viing séng ngin (mau
xanh lam - B), viing séng trung (mau lyc - G) va ving song dai (mau d6 - R). Néu kich thich
riéng 1& ting loai té bao, mat s& cam nhan dugc cac mau sic bio hoa tuong tng. Khi quéan sat
hinh 4anh khéong c6 nhitng mau bdo hoa, ngudn sang cua anh c6 chuta tat ca cac thanh phan
quang pho tac dong cung mot luc 1én ca ba loai té bao. Song dién tir co bude song khac nhau
tac dong 1én cac té bao khong dong déu, su khac biét vé ty 18 kich thich sé tao nén cam nhan
vé cac sac mau khac nhau. Thuyét ba thanh phan cam thu mau duoc chimg minh qua nhiéu
thuc nghiém va phi hop v6i luat pha tron mau ma ching ta s& dé cap téi dudi day.

Trén phuong dién sinh hoc (cdm gidc chi quan), anh sang dugc cadm nhan thong qua ba
dai lugng chinh 1a: d6 sang, sic mau va do bao hoa mau.

Do sang — phu thudc vao cong suat cia ngudn sang, ngudn sang tring 500 W s& c6 do
sang 16n hon ngudn sang trang 15 W.

Séc mau (séc diéu) 1a tinh chét dic trung cia mau ma qua do6 ta nhan biét duoc mau do,

xanh, vang v.v.

D6 bio hoa mau 1a cudng do vé sic mau qua d6 ta cd thé phan biét duge mau do thim
hay mau dé nhat v.v.

Khi danh gia vé s6 luong cua cac dai luong trén (bang cach do luong khach quan)
chung ta s€ sir dung ba khai ni¢m tuong dwong la: d§ choéi, budc soéng trgi va do sach cua
mau. Sic diéu ciia ngudn sang twong duwong véi bude song A co ning lugng 16n nhét trong
phé cua nguén sang d6, dai lugng nay duoc goi la budc song troi A. D bdo hoa clia mot

mau ¢ bude song troi A duoc tinh bang:
p=F I(E;+Fg) (2.1.8)
p — 12 d6 sach mau, dai luong xac dinh sd lugng anh sang tring trong ngudn sang hay do

pha lodng ciia ngudn sang d6. Nhu vay, mau quang pho s& c6 do sach 1a p =100%, ddi véi

mau tring p=0.

Duya trén nhimg tinh chit cua hé thi giac nhu d6 phan giai, tinh lwu anh va thuyét ba
thanh ph'?m cam nhan mau, dé tao ra cam giac vé mdt mau nao do, nguoi ta co thé thuc hién
pha tron cac mau co ban theo nhitng phuong phap sau:

1. Phuong phap cong mau quang hoc
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Phuong phép ndy dua trén kha ning tong hop mau khi cac ngudn birc xa duoc chiéu lén
mot mit phang. Cac ngudn biic xa ¢6 thé duge roi ciing mot luc hay ndi tiép nhau véi mot toc
d6 tuong d6i 16n (con goi 1a phép tron mau theo thoi gian), khi d6, anh sang thir cdp phan xa
tir bé mat cia mat phang trén s& mang lai cho ngudi quan sat cam nhan vé mot mau sic tong
hop. Sic d6 mau méi phy thudc vao ty 16 cong suat cta cac birc xa thanh phan (hinh 2.1.1).

Hinh 2.1.11 Trdn cac mau co ban
2. Phuong phéap tron mau khong gian

Khi trdn mau khong gian, cac phﬁn tor 4nh mang sdc mau co ban nam doc 1ap véi nhau
trong khong gian, néu nhimg phan tir ndy nim gan nhau va ¢ kinh thudc nho thi mat cam
nhéan ching nhu mdot diém anh, mau sic cta diém anh nay phu thudc vao ty 1€ cong suét cla
cac mau co ban. Hinh dang ciia cac phan tir co thé 1a cac diém tron hay vach mau nho. Ty 1é
cong suét ciia cac mau co ban c6 thé thay ddi bang cach thay dbi do choi ciia cac phan tr anh
tham gia tron mau hay thay d6i kich thuéc cta chung. Viéc tai tao hinh anh mau trén man
hinh v6 tuyén thudng dugc thuc hién bang phuong phap tron mau trong khong gian.

3. Phuong phap trur

Pé tao ra mot mau méi, ngoai phuong phap cong cac mau don sac, nguoi ta con co thé
sir dung phuong phéap loai bo bot mot s6 mau tir anh sang tring. Thi du, néu cho 4nh sng
trang qua mdi trudng hap thu (kinh loc) cac tia mau do, ta s& nhan duge mau lo. Phuong phap
nay thuong ding trong ky thudt anh mau, in 4n va trong hoi hoa. Pic diém cia phwong phap
trir 1a d§ choi ciia mau dugc tao ra bao gio cling nhd hon d6 chéi cua mau tréng ban dau.

Ngoai ra, trong k¥ thuat truyén hinh stereo, ngudi ta con sir dung phuong phap tron mau
mang tén “binocular”. Ngudi ta pha tron hai hay nhiéu mau bang cach tac dong cac mau do6
riéng 1€ lén mét phai va mat trai cla nguoi quan sat, két qua 1a hé thi giadc s€ cdm nhén dugc
mot mau moi.
2.1.6.2 Cac dinh ludt tron mau co ban

Trén co s& cac két qua nhan dugc qua nhiéu cong trinh thuc nghiém vé cam nhan mau
sdc cua hé théng thi giac, nha bac hoc nguoi Ptirc H.Grassmann da dua ra bdn dinh luat vé
trén mau:

Dinh luat tha nhit: Bét ky m{t mau sdc nao cling c6 thé tao duogc b?mg cach tron 3 mau

co ban doc 1ap tuyén tinh v6i nhau.

Ba mau duoc goi 1a doc lap tuyén tinh khi mét trong nhiitng mau dé khong thé tao ra
béng cach pha tron hai mau con lai dugce. Nhu vay, ta c6 thé viét ra duoc phuong trinh so mau
nhu sau:
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fF=rR+g¢g'G+b'B (2.1.9)

fF - ngudn anh sang bét ky, c6 don vi 1a F va sb luong anh sang 1a f'; R,G,B — don
vi mau co ban; r',g',b" - s6 lugng cac mau co ban R, G, B, con goi 1a modul ciia cdc mau
do.

Niam 1931, theo quy dinh cua t6 chic quéc té CIE (Commission Internationale

d’Eclairage - International Commission on Ilumination — uy ban qudc t€ vé anh sang) ba
ngudn birc xa don sac mau do, lyc va lam twong ung c6 budc song:

Agp =700 nm
Ac =546,1 nm
Ag =435,8 nm

Ba mau trén duoc goi 12 ba mau co ban. Mdi mau co ban s& c6 mdt mau bd xung twong
{rmg, khi pha tron mau co ban va mau bo xung ctia n6 chiing ta sé nhan duoc mau tring. Cac
cap mau co ban va mau bd xung 1a: 6 — Lo (Cyan), Luc — Man chin (Magenta), Lam — Vang
(Yellow).

Dinh luat thtr hai: Sy bién d6i lién tuc ctia cac hé s6 cong suat ciia cac mau co ban sé

dan dén su bién doi lién tuc cia mau sac tong hop, nd chuyén tir mau nay sang mau khac.

Khi thay d6i cong sudt clia cac ngudn sang co ban nhung giit nguyén ty 1& cong suat thi
mau tong hop sé& khong thay doi sic do, chi cé su thay ddi vé do choi ma thoi. Vi vay, ty 16
tuong d6i gitra ba mau co ban R:B:G s& quyét dinh mau sic ctia mau tong hop.

Dinh luat thir ba: Mau sic tong hop cta nhiéu ngudn sang chi xac dinh boi cac thanh

phan mau sic cua timg ngudn sang chr khong phu thudc vao thanh phan phd cua ching.

Theo dinh lut nay ta c6 thé d& dang dinh luong mau sic cia anh sang tong hop duoc
tao ra khi pha tron nhiéu ngudn sang v6i nhau.

Cho phuong trinh so mau cia 2 ngudn séng 1a:
F, =R+ gG+bB
F, =nR+g,G+b,B
Phuong trinh so mau clia nguon sang tong s& 1a:
F=FR+F =(i+n)R+(g +&)G+(b{+b))B  (2.1.10)
Tt phuong trinh (2.1.10) ta théy rﬁng, toa d0 mau cua mau duogc tao ra bﬁng téng toa do
mau twong tng cta cac mau dung dé tron.

Dinh luat thi tu: do chéi ctia mau tong hop bang tong sd do choi ciia cac thanh phan

mau.
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2.1.6.3 Khong gian mau RGB

Pé xac dinh mot mau F, theo dinh luat tron mau thir nhét, ta chi can biét s6 luong cua
ba mau co ban trong phuong trinh (2.1.9). Vi thé mau F ¢6 thé duoc biéu dién bang mot diém
trong khong gian mau ba chiéu rgb hay nhu mot vector ndi tir goc toa do t6i diém do, cac
vector mau don vi sé 1a R,G,B (Hinh 2.1.12). D9 chéi cia mau F s& bing chidu dai (modul)
cia vector F , sic — tuong Gng véi phuong hudng cua F trong khong gian rgb. Tong ba
vector don vi s& cho ta mau trang chuan.

Hinh 2.1.12 Khong gian mau rgb
Xét mot mau bat ky trong khong gian mau rgb, xac dinh boi phuong trinh:
fF=rR+¢g'G+b'B (2.1.11)
Ta thiy ba h¢ s6 r',g",b" cho ta biét ca vé s6 luong 1an chat lugng ciia ngudn sang.
Néu chi cin xét dén chit luong hay thanh phan “sic” ctia mau, ching ta khong can biét dén

gié tri tuyét d6i 7', g",b', ma chi can biét dén sb lwong twong ddi giita cac thanh phan mau co

ban R, G, B, tim duoc qua cac phuong trinh sau:

y £5908 2.1.12)
r'+g'+b" m
b' b'

m=r'"+g'+b' = f' - d0 chéi cia mau.
Chia (2.1.11) cho m ta nhan dugc mau F:

F=rR+gG+bB (2.1.13)

r,g,b - dugc goi 1a toa do mau. Céc toa dd mau khong cho ta biét vé chiéu dai cua

vector mau, nhung hoan toan xac dinh phuong huéng ctia nd trong khong gian mau ba chiéu.
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Ping thie (2.1.13) cho phép chung ta biéu dién sic ctia mot ngudn sang bat ky nhu mot
diém trén hinh tam giac déu RGB c6 chiéu cao bang 1 (Hinh 2.1.13). Mit phang RGB con goi
12 mit phang don vi. Néu vi tri cia diém mau F trong tam gidc mau dugc biét trude, ta c¢6 thé
tim toa d0 mau bang cach ké cac doan thang vudéng goc tir F dén hai canh va do chiéu dai cua
chung. Néu cho trude toa d6 mau, ngudi ta tim vi tri ciia diém mau theo ludt tim trong tdm
clia tam giidc mau. Sic mau cia nhitng diém nam ngoai tam gidc RGB (nhu diém N trén Hinh
2.1.13) khong thé nhan duoc khi ta cong ba mau co s, dé nhan dugc sic mau diém N, mot
trong cac toa do mau (toa dd mau do - r) s€ phai 1a am.

Ké duong thang ndi diém N 1a mau quang phd co budc song Ay va diém tring ding
ning E, diém N 1 1a diém cit ciia duong EN va BG sé& c6 sic diéu twong duong diém N,
nhung d6 sach mau thap hon ( Pn, <PN ). N6i cach khac, budc song tri cia tit ca cac diém
mau ndm trén duong thang NE s& bang Ay - tlrc bude song clia mau quang ph6 N. Nhu vay

khi cong ba mau R, G, B ta co thé tao ra tit ca cac sic diéu, nhung khong thé tao ra moi do
bao hoa.

r,g,b

15 ]
Lo bt \®

. __
" A\

i

\[/F
600 -1.0 \
-1.5
B R 400 500 600 A, nm
Hinh 2.1.13 Biéu 46 mau RGB Hinh 2.1.14 Pic tuyén toa d6 mau

trong h¢ RGB

Mau quang phd la cic mau c6 do sach mau tuyét ddi : p , =100%, mau trang c6 do

bao hoa pp = 0, d6 sach mau tai diém N 1 €0 gia tri:

_NlE

Py =" 1 100% (2.1.14)

Str dung phuong trinh so mau (2.1.11) trong cac thi nghiém quang hoc nguoi ta xac
dinh dugc quan hé cia r, g, b theo bude song A (Hinh 2.1.14). Qua do, vi du, dé nhan dugc
ngudn sang cd sic mau twong dwong mau quang phd véi bude song A =500 nm, can tron
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ba mau R, G, B theo ty 1¢ r=—1,17, g=1,39, b =0.78. St dung toa d0 mau trén hinh
(2.1.14) ta c6 thé tim vi tri ctia tit ca mau quang phd trén mat phang mau don vi. Cac mau nay
nam trén duong cong hinh méng ngwa RGAB. Hai dau cubi cia dudng cong 1a diém R va B.
Sic mau nam trén dudng thing RB (d6 man chin) khong phai 1a mau quang phd, nhitng mau
nay thuong gip trong thién nhién. Cac diém nam ngoai duong mau quang phd 14 nhitng mau
khong c6 thuc, vi do sach mau ctia ching 16n hon 100%.

Str dung tam gidc mau, ta co thé xac dinh dugc luong sdc mau (twong duong toa do
méu) clia cac mau khac nhau. Pay ciing 14 co s& dé dang gia mot cach khach quan do trung
thuc cua tin hi¢u mau, cting nhu xac dinh sai s6 cho phép ddi véi céc thong sb cua hé truyén
hinh mau.

Mic di hé mau RGB tuwong ddi tién loi cho viéc thi nghiém vi cac mau R, G, B 1a cac
mau thyc, nhung ta c6 thé néu ra mét sé nhugc diém ciia hé mau nay:

1. Pé tao ra cdc mau quang phd ciing nhu mot s6 mau khac (ndm ngoai tam giac
RGB) mdt trong nhitng toa do mau trong phuong trinh tron mau (2.1.13) s& c6 gia tri am.
Piéu nay d& gdy nham 1an khi tinh toan.

2. Trong ba toa do r, g',b' khong c6 mot toa do nao cho ta biét truc tiép d6 choi
hay quang thong clia ngudn sang.

3. Pé tim dugc d6 chéi ctia mau tong hop khi pha tron nhiéu mau, can phai biét ca

A \ ! 14 ! o A r N\ I3
ba toa d0 mau r',g’,b" cla tat cdc mau do.

Pé khic phuc nhitng nhuoc diém cua hé mau RGB, nam 1931, CIE da dé& xuit mot
khong gian mau méi, k¥ hiéu 1a khong gian XYZ. Khi thiét ké biéu d6 mau méi nguoi ta dat
ra nhimng yéu cau nhu sau:

1. Tét ca cac mau thuc phai dugc xac dinh bdi cdc modul mau c6 gia tri duong.
Nhu vay toa d6 mau cia tit ca cac mau thuc (nam phia trong dudng mau quang phd) phai
nam trong tam giac mau XYZ.

2. Do choi phai dugc biéu dién bang mot truc (Y)

3. Diém tring dang ning phai nam ¢ trong tim tam giac mau XYZ.

Khong gian XYZ do CIE cong bd v6i ba mau co ban X,Y,Z dap g dugc cic yéu cau
trén. H¢ toa do khong gian XYZ dugc chon lam sao cho céc vector mau thuc (ném bén trong
dudng mau quang phd) déu di qua tam giac mau don vi XYZ (Hinh 2.1.15). Nhu viy, trong
phuong trinh mau fF = x'X + y'Y + 7'Z céc thanh phan x',y’,z" s& c6 gia tri duong cho

tat ca cac mau thue.

Cac mau don vi X,Y,Z déu khong c6 thyc vi do sach mau ctia chung 16n hon 100%. bé
danh gia mau sic cua mot ngudn sang (khong tinh dén d6 choi ciia ngudn sang do), ngudi ta
st dung tam gidc mau don vi v6i cac toa d0 mau x,y,z: x+y+z=1 (Hinh 2.1.16).
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Hinh 2.1.15 Khong gian mau RGB va XYZ

Quan sat tam gidc mau don vi XZY ta thiy rang:
1- Tt ca cic mau thyc déu ndm bén trong tam gidc XYZ
2- Toa d¢ clia mau trang dang nang 1a: X, =y, =2, =1/3

3- Cac mau don vi X.Y.Z nam ngoai dudng cong cic mau quang phd nén c6 do bio hoa
16m hon 100%.

Dé thuén tién cho viéc sir dung, tam gidc mau don vi XYZ duoc bién doi thanh biéu dd
mau trong hé toa do vuong géc XY (Hinh 2.1.17).

A 4

Hinh 2.1.16 Biéu d0 mau trén mat Hinh 2.1.17 Biéu d6 mau XYZ theo CIE

phang don vi XYZ
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2.1.6.4 H¢ thong thi gidc

Tuy 1y thuyét xtr 1y anh chu yéu dya trén nén tang 1y thuyét toan va xéac suat thong ké,
nhung viéc lwa chon cac phuong phap xir 1y khac nhau ciing nhu viéc danh gia chat luong
hinh anh & dau ra cta hé théng cha yéu dua trén cam nhan cha quan cta co quan thi giac. Vi
vy sau day chung ta s& 1am quen v6i mot sd van dé co ban vé cdu tao va kha ning phan tich
hinh anh cta hé thong thi giac.

thiy tinh
dich

Hinh 2.1.18 Cu tao ctia mat ngudi

Céu tao cuia mat nguoi (cat doc) dugc trinh bay trén Hinh 2.1.18. Trong mét c6 dang
hinh cau, duong kinh khoang 24 mm. Phia truéc mét 13 gidc mac (cornea) — 1a mang trong
sudt , co cau trac twong dbi cung, c6 duong kinh khoang 12 mm. Hai 16p tiép theo ciia mat 1a
md mac (choroid) va vong mac (retina}. Mo mac bao gém mot mang mach mau nho dé nuoi
dudng céc co quan ctia mét. Noi tiép vi mo mac 1a hé thong co mét va moéng méat. Méng mét
c6 thé co gian dé diéu tiét luong anh sang di vao mat, d md mbng mat thay ddi véi duong
kinh tir 2 dén 8 mm. H¢ thong co mit cho phép thay ddi do cong cuia hai bé mat thau kinh, do
d6 thay doi tiéu cy théu kinh nham hoi tu hinh anh 1én vong mac. Thau kinh chira 60-70%
nudc, c6 mau vang nhat, né hép thu khoang 8% anh sang nhin dugc (dd hép thu ty 1¢ nghich
véi budce song), cac tia co budc song ngén (héng ngoai, cuc tim ...) dugc hép thu boi protein
trong cdu trac cua thau kinh.

Phan 16n anh sang dugc hdi tu ¢ vung hoang diém (fovea) trén vong mac, noi mat do
cac té bao than kinh thi gidc 16n nhat. C6 hai loai té bao cam nhan anh sang (receptors) 1a té
bao hinh nén (cones) va té bao hinh que (rods). Trong thanh phan vong mac c6 khoang 7
triéu té bao hinh nén va 130 triéu té bao hinh que.

2.10° té bao/mm’

Biélm mu

ke

60’ 4 20 0 20° 4° 60’
Goe do tinh tir hoang diém
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Hinh 2.1.19 Mat d6 phan bd té bao than kinh thi giac trén vong mac

Mat do phan bd céc té bao than kinh thi giac trén vong mac khong déng déu: Do thi trén
Hinh 2.4.19 cho ta thdy mét d6 phan b cac té bao hinh nén (d6 thi 1) va hinh que (d6 thi 2)
trén 1 mm’® vong mac (tinh tir tim hoang diém). C6 thé thiy cac té bao hinh nén tap trung tai
vung hoang diém, con goi 1a ving “nhin r& nhat”. Ving nay c¢é hinh bau duc rong 0.8 mm,
dai 2 mm). Té bao hinh que phan bb xung quanh hoang diém. Céc té bao hinh que nhay cam
v6i anh sang hon t& bao hinh ndn, nhung chung khong c6 cam thy vé mau sic. Té bao hinh
nén nguoc lai kém nhay cam voi sy kich thich cua anh sang, nhung c6 kha nang phan biét
mau sic. Theo thuyét ba thanh phan cam thu mau ctia mit nguoi, trong véng mac ton tai 3
loai té bao hinh nén, cac té bao ndy c6 phan tng khac nhau ddi véi cac mau khac nhau. Cy
thé, qua thi nghiém ta thay rang ba loai t& bao hinh nén nhay cam véi ba mau khac nhau 13
Do, Luc, va Lam. Su cam thy mau cta mat s& phy thudc vao ty 1é mirc do kich thich cua mdi
loai té bao noi trén.

VISION

[

Rod  Cone

Hinh 2.1.20  Té bao hinh que va hinh nén trong véng mac

Céc té bao cam quang bién d6i ning lugng anh sang thanh cac xung dién dé truyén dén
bd phan xtr 1y hinh anh trong nio qua hé thdng day than kinh thi giac (khoang 800000 day).
Mot ving nhé trén vong mac khong nhay cam voi anh sang 1a noi tip hop cac ddy than kinh
thi gidc. Ving nay goi 12 diém mu cta mat. S¢ di sé ddy than kinh it hon s té bao cam quang
vi mdi day duoc nbi voi hang tram té bao hinh que va hang chuc té bao hinh nén. Riéng cac té
bao hinh nén trong ving hoang diém duoc ndi truc tiép voi té bao hach, do d6, d6 phan giai
clia mat tai ving nay 13 cao nhét.

Theo mot sd cong trinh nghién cru vé mét, ngudi ta thdy rang cac té bao cam nhan anh
sang trong mat bién doi nang luong 4nh sang thanh cac xung dién, ning luong nhiét va ning
luong hoa hoc. Puoc biét, ning luong cac xung dién di vao day than kinh thi gidc 16n hon
nhiéu so v6i ning luong ang sang roi vao mat, do d6 c6 thé két luan 1a & vdng mac tin hiéu
hinh anh khong chi duoc tiép nhan ma con duoc bién ddi va anh sang la tin hi¢u diéu khién
qua trinh bién d6i d6. Qué trinh bién ddi quan trong nhat trong mat 1a qua trinh bién d6i
quang-héa hoc. Duéi tac dong clia anh sang, chat cam quang rodopxin c6 trong nhiing té bao
que tach ra thanh retinen va opxin tu do. Retinen 1a mét dang vitamin A. O noi 4nh sang cang
manh thi rodopxin bi phan huy cang nhiéu. Phan Gmg phan huy nay kich thich céc té bao thi
giac 1am cho cac té bao thi giac phat ra ludng xung dong truyén vao trung wong than kinh. Khi
anh sang tit, retinen lai két hop voi opxin dé tai tao rodopxin. Phan tng phuc hoi doi hoi mot
thoi gian ngén; sau thoi gian do, t& bao thi gidc s& hung phan trd lai. Trong khoang thoi gian
nay hinh anh duoc luu lai trén vong mac (thoi gian luu anh kéo dai khoang 0.1-0.3s). Kha
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nang nhin phu thudc vao lugng rodopxin, nén khi méi ¢ noi sang vao chd tdi, chung ta hau
nhu khong nhin thay gi. Sau vai phat, lugng rodopxin tang 1én, kha ning nhin c6 thé tang lén
hang trim lan.

Pham vi cdc mirc sang ma mit c6 thé cam nhan duoc rat rong. Cac té bao que bt dau
cam nhan dugc hinh anh ¢6 do chéi tir 10*-10” cd/m’, cc té bao non tir 1 cd/m’. Khi do chéi
xap xi 10 cd/m’® cac té bao que bi “loa” dan vi liic nay, tdc d6 phan hiry rodopxin 16n hon tbe
do tai tao, do d6 lugng rodopxin trong céc té bao hinh que giam di nhanh chéng. O do choi tir
10-10* cd/m?, chi con cac t& bao nén 1am viée. Phan tng quang - hod hoc noi trén va co ché
tu diéu chinh luong anh sang di vao vong mac 1a nguyén nhan dé mat ¢ pham vi cam nhéan
anh sang rong nhu vay (~10.

Tuy nhién mét khong thé cam nhan dugc cing mot lic tat ca mic sang trong pham vi
rong nhu da ndi trén. Trén thuc té, mat ngudi chi c¢6 thé cam nhan mot khoang nho gidi han tir
Lmin - Lma

« Xung quanh mirc chéi trung binh cta dnh, khodng nay ta goi 1a pham vi dong

ctia mat. D4i v6i hinh anh ¢6 mic chéi trung binh nao do, tit ca mic choéi 1on hon L. s¢
cam nhan nhu mirc tréng, tat ca4 muac choi nho hon Lmin s€ dugc cam nhan nhu muc den. Khi
murc choi trung binh thay dbi, mat nguoi s& tu dong diéu tiét dé di chuyén pham vi dong theo
mirc choéi trung binh. Pay chinh 1a tinh chét thich nghi véi do sang ciia mat nguoi. Thi nghiém
cho thiy, khi mirc sang ting 18n, thoi gian mat diéu tiét dé thich nghi voi mirc méi rat nhanh
(khoang vai gidy). Nguoc lai, khi mirc chiéu sang giam thi mét diéu tiét dé thich nghi twong
dbi cham (vai phat).

Nhu d4 n6i & trén, méit c6 do nhay khac nhau véi cac tia birc xa c6 bude song khac nhau
(d thi 1, Hinh 2.1.21). Nhung khi cwong do anh sang nho (ving scotopic) d6 thi d6 nhay cua
mat di chuyén vé phia 4nh sang c6 budc séng ngan hon (do thi 2, Hinh 2.1.21).

V() A
1.0

0.5

A, Nm
A -

>

~

400 500 600 700

Hinh 2.1.21 Bép Gng pho (d6 nhay) ctia mét nguoi.

Kha ning mat ngudi cam nhén sy thay ddi do choi 1a khong lién tuc.

Ln
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Hinh 2.1.22 Khao sat kha ning cam nhan do chéi ctia mét nguoi

Néu ting dan do choi cua chi tiét trong mot anh tir mirc chéi nén (Hinh 2.1.22), lic dau
mic du d3 c6 sy khac biét vé doc choi giira chi tiét va nén, nhung nguoi quan sat khong phat
hién ra chi tiét nay. Khi sy chénh 1éch dat t6i mirc ngudng, ngudi quan sat bit ddu nhan dang
dugc chi tiét anh.

Nguoi ta dinh nghia ngudng cam nhan anh sang tuyét d6i ciia mat & 1a dai luong
nguoc véi gia tri o chéi nho nhat cta diém sang trén nén den ma mit phat hién duogc trong
bong téi: £=1/L_, . Trén thuc té ta thudng gip hinh anh c6 khoang chéi dong la

L., ~L,vacodochdicianénla L . D) tuongphancuaanhlatylé k=L /L . .

Céc chi tiét anh cé do choi khac véi d chéinén AL =(L—L, ), néu AL la mic

khac biét nho nhit ma mét con nhan biét dugc, thity 1¢ AL . /L, = (AL / Ln) L =0 goi

mi
1a ngudng twong phan. Gia tri o phu thudc vao kich thudc cta chi tiét hinh anh va do choéi
clia nén
Két luan quan trong rat ra duoc ¢ day 1a gia trj ngudng twong phan ctia mat nguoi
o >0, hay ndi cich khac, kha ning cam nhan d6 twong phan clia mat mang tinh roi rac
(twong ty nhu d phan giai ciia mat). Chinh vi vay, sd lugng cic mirc xam can ¢6 13 hitu han

trong dai dong cac mirc choi L, + L_ . cla anh so.

SO lugng mirc xdm ma mat nguoi cam nhan dugce cung mot lac phu thude vao gia tri
ngudng tuong phan va dj twong phan cia anh:

Ink

=—+1 2.1.15
ln(l—kG)Jr ( )

m

Thay vao cong thuc (2.1.15) gia tri d twong phéan trung binh cta hinh anh trén display
k=100, gia tri ngudng twong phano = 0.03...0.04, ta nhan duogc sd soc xam cuc dai dé
mét cam nhéan duoc s& 1a m =100 +150.

Trén thyc té, do tuong phan k va ) lugng mirc xdm m bi han ché bai:

> thong sb k¥ thuat cia man hinh hién thi: kich thuée, do choi cuc dai, dic tuyén
gamma Vv.v.

> ché d6 1am viéc ctia man hinh: d6 choi, do twong phan;

> didu kién quan sat: khoang cach tir noi quan sat dén man hinh, 4nh sing bén
ngoai.

Ngudn anh sang bén ngoai Lng chiéu vao man hinh s& lam giam d6 twong phan cua anh

gdc, vi do twong phan trong trudng hop nay la:
L +L L
max ng < k _ “max
Linin + Lng Liin

!

2
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do d6 s6 mirc xam tinh theo (2.1.15) ciing s& giam di.
2.1.6.5 Biéu dién tin hiéu hinh dnh trong khéng gian va thoi gian
2.1.5.6.1 Hinh anh twong ty

Nhu da dé cap t6i ¢ phan trén, hinh anh c6 thé biéu dién bang ham 2 chiéu f (x, y) .
Gia trj ham f tai diém c6 toa d6 khong gian (x,y) 1a d6 choi cua diém anh (x,y). Pa sb anh sir
dung trong sach nay 1a anh den — trang, d6 choi ciia cic diém anh nam trong pham vi nhét
dinhte L . t6i L . Néu anh duoc tao ra bai qua trinh vat ly thi gia tri cac diém anh s& ty
1¢ thuan voi nang luong cua nguén buc xa, vi du nang lugng song dién tu, khi d6 ham
f(x,y) khac khong va hiru han: 0 < f(x,y) <.

Ham f (x, y) 6 thé duoc dic trung boi hai thanh phén do la lugng anh sang roi 1én

canh vat va sd luong anh sang phan xa lai tir canh vat do:
S(%p)=i(xp)r(x.y)
voi 0<i(x,y)<oo, 0<r(x,y)<1
i (x, y) - Ham biéu dién dd roi sang cua nguén 1én bé mat canh vat.
r(x, y) - Ham mo ta tinh phan xa (hay hap thy) 4nh sang ctia cic vat thé trong canh vat.

Gié tri d 16n cta diém anh den-tring c6 toa do (x,,, ) duoc goi la mirc x4m hay do
choi clia anh tai diém nay: /=(x,, yo); d6 chéi nam trong khoang L . </<L _ - dugc

goi 1a thang x4m. Thudng mirc xam nho nhat duoc quy vé mirc 0 (muc den) , con muc tring
s& tuong ng voi gid tri do choi 16n nhat /=L —1.

2.1.5.6.2  Qud trinh ldy mau va lwong tir héa tin hiéu hinh dnh

Tin hiéu hinh 4nh nhan duge tir cam bién quang di¢n thuong c6 dang tuong tu, vi du tin
hiéu dién ap c6 bién d6 thay déi lién tuc theo do chéi cua anh ngudn. Dé co thé dua tin hiéu
hinh anh vao xir Iy bang may tinh can thuc hién qua trinh s6 hoa théng qua hai giai doan: lay
mau va luong tir hoa.

L'Siy mau tin hiéu: Qua trinh léy mau tin hiéu duoc mo ta trén Hinh 2.1.23. Tin hiéu
video ung voi mot dong anh AB 1a tin hi¢u mot chiéu lién tuc theo thoi gian va c6 bién do
bién dbi lién tuc (Hinh 2.1.23). Khi ldy mau, thoi gian truyén dong AB duoc chia ra thanh
nhiéu doan bﬁng nhau. Gia tri tin hiéu tai cac diém léy mau duge danh dau 6 vudng trén dd
thi. Theo dinh 1y ldy mau Nyquist, néu tan s6 ldy mau 16n hon (hodc bang) hai lan tan s6 16n
nhét trong phé tin hiéu twong tu, thi tap hop cac mau roi rac nhan duge hoan toan xac dinh tin
hi¢u do.

Dé bién ddi tiép tin hiéu thanh dang sd, ching ta phai thuc hién giai doan lugng tir hoa
cidc mau vira nhan dugc. Py 1a qua trinh rdi rac tin hiéu theo bién do. Trén Hinh 2.1.23
thang xam dugc chia thanh 8 muc roi rac tor muc tréng t61 muc den. Luong tir hoa dugc thuc
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hién don gian bang cach tim gia tri muic luong tir gan giong nhat véi gia tri thuc clia mau va
gan gia tri nay cho mau anh.

Két qua nhan duoc sau khi ldy mau va luong tir hoa 1a chudi s6 roi rac mo ta bién do6i do
choi trong mot dong anh. Neéu thuc hién qué trinh sO hda cho tat ca cac dong anh tu trén
xuong dudi, chung ta s€& nhan dugc anh so trong khong gian hai chiéu.

A B
Lo b ] Uh k]
W,
i ,
1
"f “ﬂu
. LY
W
A B A B
oy oot — oooao oooo
_ L _
_ v _
el = o ooooo =
o, - B . . -
MF(P* ﬂ.ﬁﬂ& _ g _
oo oo
_ t o R _
L] =
hﬁ’ — L Bl —
Ll L
Ly méu

Hinh 2.1.23 Qua trinh s6 héa tin hiéu video

Khi str dung chip cam bién CCD, tin hiéu hinh anh di dugc roi rac trong khong gian hai
chiéu. Ving anh duoc 14y mau phu thudc vao sd luong cac diém cam quang phan bd theo
chiéu ngang va chiéu doc trén bé miat CCD (Hinh 2.1.24). Chat lugng hinh anh sé nhan duogc
phu thudc vao sb luong diém anh ciing nhu s6 mirc luong tir dugc str dung trong qua trinh ma
hoa.
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a) b)

Hinh 2.1.24 Qua trinh hinh thanh anh ro1 rac trong chip CCD
a - Anh tuong tu
b - Anh r&i rac trén bé mit CCD

2.1.6.6 Tin hiéu video

Thong tin thi gidc vé mot vat thé duge truyén di bao gém tin tac vé do choi, mau sic va
vi tri ciia vat d6 trong khong gian. Khi vat thé d6 chuyén dong hay khi ngudn 4nh sang chiéu
1én vat thé thay dbi, céc tin tirc trén déu thay déi. Nhu vdy, mé hinh toan hoc cua tin hiéu hinh
anh 13 cac ham phan bd d6 chéi L, sic mau A va do bio hoa mau p trong khong gian va thoi
gian:

L=f(xy21);
A= f(xy,2.1); (2.1.16)
p= fp (x,y,z,t).
X,y,Z -toad) trong khong gian 3 chiéu,
t - thoi gian.
Nhitng phuong trinh trong (2.1.16) xac dinh d6 chéi (L) va mau sic (A, p) cho tung

diém di chuyén trong khong gian va thoi gian. Hé thong truyén hinh hién nay 1a hé thong
truyén hinh phing, do d6 khi truyén di cac anh den tring, phan bd do chéi sé 1a ham ba chiéu:

L=f, (x,y,t).

Diéu nay cho ta thdy, ngoai gia trj d chéi tic thoi L can phai xac dinh chinh xéc vi tri
cta diém sang trong khong gian (hai chiéu) man hinh.

Khi bién d6i tin hiéu hinh anh 3 chiéu thanh tin hi¢u dién 1 chidu nguoi ta dya trén 2
nguyén tic chinh 14 rdi rac hinh anh (trong khong gian va thoi gian) va quét hinh. Roi rac hinh
anh trong khong gian 1 phuong phap chia nhé hinh anh ra thanh mot sé hiru han cac thanh
phan rdi rac. Mot phdn tir ctia hinh anh 1a chi tiét nho nhat ciia anh c6 d6 chéi va sic mau
khong thay ddi trén dién tich chi tiét d6. V& mat 1y thuyét, sb lwong phan tir anh cang nhiéu
thi d nét cua anh cang cao. Nhung trén thuc té, do su han ché vé do phan giai cua mét nguoi,
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cac hinh anh chi can phan chia ra thanh cac phan tir ¢6 kich thudc nhat dinh di dé mét nguoi
khong nhan ra ciu triic roi rac ciia hinh anh (Hinh 2.1.25). Chia nho thém nhiing phan tir nay
khoéng 1am cho hinh anh rd nét thém (theo cam nhan ctia mat), trong khi do, lugng thong tin s&
tang 1én nhiéu lan.

Hinh 2.1.25  Ma tran cac diém anh roi rac anh va "phﬁn ta" anh

Sau khi hinh anh dugc roi rac, cac phan tir c6 thé dugec ma hoa va truyén di riéng ré
sang bén thu. Nhung ching ta khong thé truyén song song tit ca cac phan tir vi khi d6 can dén
rat nhidu kénh truyén. Dé giai quyét van dé nay, trong hé thdng truyén hinh nguoi ta sir dung
nguyén tic quét hinh: nguyén tic truyén lan lugt theo thdi gian timg phan tir hinh anh.
Nguyén tic nay dya trén dic diém luu anh ctia mat ngudi. Sy luu anh 13 kha ning ma ngudi
xem nhé lai 4n tuong vé anh trong mot thoi gian nao d6 (~0.1- 0.3 gidy) sau khi tac dong cua
anh d6 da cham dat. Chinh vi vy, dé truyén di mot hinh anh tinh, ta “chiéu” lan luot tat ca
cac phan tir cia mot anh tinh 1én man hinh, vao ding vi tri twong dwong cua cac phan tir d6
nhu trong hinh anh di dugc truyén di. Néu toc do “chiéu” mot hinh nhanh hon thoi gian luu
anh thi mat nguoi xem s thu nhan va luu lai tat ca céac phﬁn tir da truyén di dé tai tao ra mot
anh tinh hai chiéu. Quéa trinh truyén lan lugt cac phan tr ciia anh goi 1a qua trinh quét
(scanning) anh.

Tiép theo, khi "chiéu" nhiéu anh tinh nhan dugc bang phuong phap trén véi tan sb
twong dbi 16n (trén 10 hinh/gidy), trong ¢6 mdi anh 1a mot pha cia hinh anh chuyén dong, thi
ngudi xem s& ¢6 cam gidc nhu dang quan sat chuyén dong lién tuc. Tan s anh dugc lya chon
dé dap tmg hai yéu cau: 1- Tao cam gidc vé qua trinh chuyén dong lién tuc cua anh; 2- Anh
dong tai tao trén man hinh khong bi chép. Trong cac hé truyén hinh dai chung, tan sé duoc
chon 1a 25 (hodc 30) anh/gidy. Khi quét theo phuong phap xen k&, nguoi ta chia anh thanh 2
manh, trong manh dau tién s& duoc truyén di cac dong 1¢ 1, 3, 5 ..., trong manh tiép theo
tmyén di cac dong chin 2, 4, 6 ...(hinh 3.1.26). Nhu vay toan bd anh s€ dugc chia ra lam 2
manh. Tan sb anh sé& la 25 (30) Hz, tan s6 manh 1a 50 (60) Hz.

Quet ngroc menly

Hudng quet doc

f
it Cudt manh 2
Cudn mands 1

Iirong quet ngang

86

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Hinh 2.1.26 Qua trinh quét hinh xen k&

Tin hi¢u video 1a tin hiéu dugc phan tich (roi rac) ca trong mién tan so va mién thoi
gian:

Hinh 2.1.27 Tin hi€u hinh anh roi rac trong khong gian (theo dong) va thoi gian (theo
manh)

Tin hiéu video dugc tao ra tai 6ng ghi hinh biang phuong phap quét xen k&, tuyén tinh tir
trai sang phai, trén xudng dudi 1a ham cta thoi gian, gia tri ham ty 18 thuan véi d6 chéi cua
cac phan tir anh truyén hinh. Tin hiéu video ddy du (Hinh 2.1.28) s& bao gdm cac thanh phan
sau: tin hiéu video, tin hiéu déng bd dong va manh, tin hi¢u xoa. Trong tin hi¢u video mau
con ¢6 thém thanh phan mang tin tirc vé& mau sic cia cac dong anh.

- Mirc tring chuin
~0.7V;
- Mic den chuan
~0V ;
- Cacmucxamtir 0
===={ffie i 207 V;
; - Mic xo0a nam thap
gl hon muc den 0..7% ;
- Mu’c xung dong

T 3
Xung dong bo dong

b6, nhirng xung nay
« - nam du'di xung xoa, co

7,=20H (525/60)

cuc tinh am -0.3V;

Xung dong b manh

Hinh 2.1.28 Hinh dang tin hi¢u video

Tin hiéu video c6 cac dac di€m sau:
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- Tin hi¢u video 1a tin hi¢u mang tinh chat xung: ngoai cac xung dong bd va xung xda,
trong tin hi¢u video thuong cé su thay doi bién do dot ngdt, tao ra bién trudc va bién sau cla
cac "xung hinh";

- Tin hi¢u video la tin hi€u don cuc, c6 thanh phan mot chiéu;

- Tin hi¢u video c6 thé dugc coi la tin hi¢u tuan hoan véi tan so 1ap lai la

fu =UTy f, =1IT,;

Tin hi¢u video tuong tu cling nhu tin hi€u anh tinh phai dugc s6 hoa trudce khi dua vao
hé théng xir Iy s6.Ciing nhu trong cac hé thdng xu 1y tin hiéu mot chidu, qua trinh s6 hoa tin
hi€u hinh anh ciing chia thanh 3 giai doan:

1- Roi rac tin hiéu trong mién khong gian 2 chiéu, day 13 qua trinh lay mau

2- S6 luong v6 han cdc mirc xam trong tin hi¢u hinh anh tuong tu dugc thay bfmg sb
lugng hiru han cdc mac lugng tir day 1a qua trinh lugng tir hoa tin hi¢u

3- Mdi mirc lugng tir dugc biéu dién béng mot sb nhi phéan - ma hoa tin hi¢u

So véi tin hiéu mét chiéu, qué trinh s6 hoa tin hiéu hinh anh trong khong gian hai chiéu
c6 thé duge thuc hién véi nhiu ciu tric léy mau khac nhau va cac buédc luong tr khac nhau
nham giam dung luong tin hiéu s6 nhan dugc. Tuy nhién, trén thuc té cau tric 1dy mau trong
da s6 truong hop c6 dang tryuc giao (hinh chir nhat) véi gia tri budc luong tir khong thay doi,
vi khi d6 qua trinh s6 hoa s& don gian nhat. Khi st dung cu triic 1dy mau tryc giao, anh sb
nhan dugc dudi dang ma tran cac diém anh phan bd theo dong va cot.

Qué trinh 1ay mau tin hiéu video phai théa man dinh 1y 1dy mau Nyquist. Vi du: Tin
hiéu video hé¢ PAL c6 bé rong pho B,,, =5.0MHz do d6 tan s6 ldy mau theo Nyquits phai
>10MHz .

Trén thyc té, tin s6 1y miu thudng duge lwa chon cao hon dé ting khoang cach gitra
dai phd chinh va ph6 phu ciia tin hiéu video roi rac, khi d6 thanh phan pho chinh c¢6 thé dugc
tach ra (trong qua trinh khoi phuc anh gbe) bang cac mach loc théng thap don gian. Ngoai ra,
tin hiéu video tong hop (bao gdm thanh phan mau) dugc lay mau vai tan sb 1a boi sb ciia tan
s6 song mang phu f (song mang mau). V6i hé PAL, tan s6 lay mau sé 1a 3 £ (13,3 MHz)

hodac 4f, (17,7 MHz).

Trong h¢ théng s6 hoa tin hiéu video theo thanh phﬁn, ba tin hiéu R, G, B hodc thanh
phan chéi Y va hai tin hiéu hiéu mau R-Y, B-Y sé& duoc lay mau véi tan s dap ung dinh ly
Nyquist va 13 boi sb cua tan s6 dong theo ca 2 tiéu chuan 525 va 625 dong/ anh. Tiéu chuan
CCIR-601 cho phép sir dung tan s6 1dy mau 1a 13,5 MHz. S6 bit && ma hoa tin hiéu video 1a 8
hodc 10 bit.

Céc tiéu chuan ldy mau video thanh phan: c6 nhiéu tiéu chuin ldy mau theo thanh phén,
diémkhac nhau chu yéu ¢ ty 1¢ giita tan sb 1y mau va phuong phap 1dy méu tin hiéu chéi va
tin hi€u mau (hoac hiéu mau): do la cac ti€u chuén 4:4:4, 4:2:2, 4:2:0, 4:1:1.
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- Tiéu chuan 4:4:4: Tin hiéu chéi va mau dugc 14y mau tai tit ca cac diém 1dy mau trén
dong tich cuc ciia tin hidu video. Cau tric 1dy miu tryc giao (hinh 3.1.29)

e o _o_ @
ol ol ol ol

o o_©o_ @
ol ol ol ol

@
ol

o
ol

o
ol

[
ol

e o _o_ @
ol ol ol ol

Tiéu chuan
4:4:4
D Diém lay mau tin
hiéu choi
Y Diém lay mau tin

hiéu Cgr

Y Diém 4y mau tin
hiéu Cg

Hinh 2.1.29 CAu trac 14y mau theo chudn 4:4:4

Tiéu chuan léy mau 4:4:4 cho chat lugng hhinh anh tot nhat, rthuan tién cho viée xur ly
tin hiéu video sd. Tuy nhién, v6i phuong phap 1dy miu nay, tbc d6 dong dir liéu video sb s&
tuong dbi cao, vi du khi s héa tin hiéu video c6 do phan giai 720x576 (hé PAL), 8 bit luong

tr /diém anh, 25 anh/s ludng dir li¢u s6 nhan dugc s€ c6 toc do :

249Mbits/s

3x720x576x8x25=

-Ti€u chuan 4:2:2: Tin hi€u cho6i dugc lay mau tai tat ca cac diém lay mau trén dong tich
cuc cua tin hi¢u video. Tin hi€u mau trén moi dong dugc lay mau voi tan s6 bang nua tan so
1ay mau tin hiéu chéi (Hinh 2.1.30)

[]
@

°
[]
L X

[]
o0

[]
o0

[

L]

L]

[]

0 el o

[

[l

Tiéu chuan
4:2:2
D Diém lay mau tin
hiéu chéi
o Diém 4y mau tin

hiéu Cr

® Diém lay mau tin
hiéu Cg

Hinh 2.1.30 CAu trtc 1y mau theo chuén 4:2:2

-Tiéu chuan 4:2:0: Tin hi€u chdéi dugc lay mau tai tat ca cac diém lay mau trén dong tich
cuc cua tin hiéu video. Cach mot diém lay mau mot tin hiéu mau. Tai dong chan chi lay mau

tin hi¢u mau Cg, tai dong chan lay mau tin hi¢u Cg. Nhu vay, néu tan so lay mau tin hiéu choéi

1a fp, Thi tan s6 lay mau tin hi€u mau s¢ 1a fp/2.
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® ® Tiéu chuan
4:2:0
O O 0O O -
lem lay mau tin
. . D hiéuychéi
D D I:l I:l ® Diém lay mau tin
@ () hiéu Cr
D.?. I,{ = t»
I:l. |:| D. |:| . IemhIZYJ rg:u n

Hinh 2.1.31 Cau triic ldy miu theo chuan 4:2:0
-Tiéu chuén 4:1:1: Tin hiéu chéi dugc ldy mau tai tat ca cac diém liy mau trén dong tich
cuc cua tin hiéu video. Tin hiéu mau trén moi dong dugc léy mau véi tan sb béng mot phén tu
tan sb léy mau tin hiéu choéi (Hinh 2.1.32) Nhu vay, néu tan s léy mau tin hiéu chéi 1a fp, thi
tan sb léy mau tin hiéu mau CgrvaCp s& 1a fp/4.

D D D o E)iémhlié\(;/J gfu tin

[] [] [] ] o R
Y Tiéu chuan
4:1:1
(] .7
iem lay mau tin
®e [] hiéuychéi
I:l I:l I:l I:l ) Diém 14y mau tin
[ X ) hiéu Cr
[]
C X )

Hinh 2.1.32 CAu trac 1dy miu theo chudn 4:1:1

2.1.6.7 Biéu dién tin hig¢u dnh so

Sau khi s6 hoa tin hiéu hinh anh theo cac phuong phap dd néu & trén, chung ta nhin
duoc ma tran gia tri mirc xdm cua cac diém anh. Chung ta s€ sir dung 2 cach biéu dién tin hiéu
anh sb. Cach thtr nhét, cac diém anh roi rac duge sép xép theo cOt va hang nhu trén hinh
2.1.33. Toa d6 cua cac diém anh (x,y) 1a ro1 rac. Goc toa dd nam tai gbc trén bén trai cua anh

(x.y)=(L1).
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Y
Hinh 2.1.33 Hé toa d6 dé biéu dién anh sb

Nhu vay, ching ta c6 thé biéu dién anh sb n6i trén nhu ma tran kich thugec MxN:

7(0,0)  £01) .. foN-1) ]

Flxy)= f(l,o) fs(l,l) f(l,SN—l) e

| F(M=1,0) f(M=11) .. f(M-1,N-1)

M3di phan tir cia ma tran dugc goi 1a 1 diém anh (image element hay pixel).

Trong mot sb truong hop, chung ta c¢6 thé st dung phuong phap mé ta anh s nhu mot
ma tran thong thuong:

Qoo Aoy - Aoy
a a a
1,0 1,1 ILN-1
A= . A 4 (2.1.18)
| A-10@m-11 -+ Py vt |

Vi cach biéu dién trén, a,; = f(X =1,y = J) = f(i,j) , do d6 hai ma tran trén hoan
toan gidng nhau.

Doi véi anh s6, gia tri M va N phai 13 s6 nguyén duong. S6 lugng mirc xam c6 thé gan
cho 1 diém anh L thudng duoc lua chon sao cho L = 2% klash nguyén duong.

Nhu vay, sb luong bits dugc s dung dé biéu dién 1 anh sd s& duoc xac dinh theo cong

thic: b=Mx N xk.
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Vi du: anh s6 hién thi trén man hinh VGA c6 kich thudc 640x480 diém, s6 luong cac
mic xam 1a 256 (8 bits/mau) co thé duogc luu lai trong bd nhé c¢o kich thude bang:

b =640x480x8=2457600 bits.

2.1.7 Ly thuyét toan ing dung trong xir Iy anh va video s6

Tin hiéu hinh &nh tinh sau khi duoc s6 hoa c6 thé duoc luu trit dudi dang ma tran 2
chidu cac bit. Cac dong va cot clia ma trén s& twong ing v6i dong va cot cac phan tir anh
(pixel). Pdi v6i anh dong (video), két qua qua trinh sb hoa s& 13 ma tran 3 chiéu cho thay phan
bd cac diém anh trong khong gian theo hang va cot ciing nhu qua trinh bién doi hinh anh
trong mién thoi gian.

Qua trinh bién ddi tin hiéu trong hé théng xtr 1y anh s6 c6 thé dugc mé ta bang cac thuat
toan trong mién khong gian va thoi gian hodc cac thuét toan trong khong gian tin hiéu khéac
dua trén phép bién ddi anh xa khong gian, vi du bién ddi Fourier, bién ddi Karhumen Loeve
v.v. Trong phan niy ching ta s& lam quen véi cong cu toan hoc thuong ding dé moé ta qua
trinh xir Iy anh trong khong gian va cac phép bién doi khong gian mot va hai chiéu (dugc sir
dung rong rai trong cac hé thdng loc va nén anh).

Song song v6i viée trinh bay 1y thuyét toan, trong phan nay s& dua ra cac vi du minh
hoa mot sb phép bién d6i hinh anh cu thé. Nhiéu vi du s& dugc thuc hién dua trén phén mém
Matlab. Pay 1a mot cong cu tinh toan dugc xay dung trén co s cac phép xir Iy ma tran rat
thich hop cho viéc mé ta cac giai thuat xur 1y anh s6. Trong tai liéu nay, tic gia st dung
Matlab 7.04 SP2. Dau “>>” la ky hiéu khoi dau 1 ham trong moi trudng Matlab.

2.1.7.1 Cac toan tir khong gian
a) Hé thong tuyén tinh

Hé thng xtr 1y tin hiéu s6 néi chung va xt Iy anh n6i riéng déu cé thé duge mo ta thong
qua phuong trinh sau:

y(m,n):T[x(m,n)] (2.1.19)
x(m,n) - anh sb dua vao hé théng (1a tin hi¢u 2 chiéu);
y(m,n) - anh s tai dau ra hé théng;

T — toan tir ddc trung cua hé thong.

Trong gi4o trinh nay, chéing ta s& quan tdm chu yéu dén cac hé thong tuyén tinh. Hé
thong biéu dién boi (2.1) duge goi 1a tuyén tinh khi va chi khi:

T[a)c1 (m,n)+bx2(m,n)1=aT[x1 (m,n)]+bT[x2 (m,n)] = (2.1.20)
= ay,(m,n)+by, (m,n) -
a va b 1a cac hang sb bat ky.

Céc toan tir thuc hién v6i anh 2 chiéu thudng co tinh chat tuyén tinh, vi du cac phép
dich chuyén trong khong gian, phép chap, cac phép bién do6i ciing nhu nhiéu qua trinh loc
tuyén tinh ma chung ta s& xét & cac chuong sau.
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b) Xung don vi trong khong gian 2 chiéu
Xung don vi dugc st dung rong rii dé mo ta cac tac dong truc tiép 1én diém anh trong
khong gian.
1 khim=n
§(m,n)= , (2.1.21)
0 khim#n
) (m —A,n— B) 1a diém anh c6 mirc chéi tdi da (1) tai vi tri (A,B) trong khong gian.
bép ting xung cia hé théng la tin hi¢u nhan dugc khi xung don vi dugc dua vao hé
thong:
h[m,n] = T[é(m,n)]
¢) Mb ta qua trinh bién ddi tin hiéu trong khong gian 2 chiéu

Cho anh s6 goc 1a ma tran cac diém anh co kich thudc NxN. Trong truong hop tong
quat, dp ung cta hé théng tuyén tinh d6i voi tin hiéu vao ¢ thé tim duoc thong qua dap tmg

(2.1.22)

xung nhu sau:

-1N-1
( x ) m,l;n,k)

k=0
Khi hé thdng xir 1y s6 13 tuyén tinh va bét bién, ta c¢6 thé tim dugc anh ra théng qua anh

2

(2.1.23)

~
Il
(=)

gdc néi trén va dap ing xung ctia hé thong sir dung tich chap:

-1 N-1

2

x(L,k)h(m—In—k) (2.1.24a)

k=0

y(m,n) :x(m,n)®h(m,n)

I
<)

hay (2.1.24b)

2.1.7.2 Cac phép tinh voi vector va ma trin
Pbi voi tin hiéu hinh anh, cac thudt toan noi trén thuong dugc thuc hién trén ma tran

cac diém anh hai chi¢u, do dé phan nay s€ gidi thiéu so lugc veé ma tran va cac phép toan thuc
hién trén ma tran.
a) Vector

Vector cdt (ma tran cdt) f, kich thude Nx1 1a tap hop céc phﬁn to f (n) voin=l1, 2, ...,

N sip xép theo cot doc:
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=\ (2.1.25)
f(J)
L/ (V)]
Vector dong (ma tran dong) h, kich thude 1xN 1a tap hop cac phan ta f (n) véin=1, 2,
...N sap xép theo dong ngang: h = [h(l),h(Z)h(])h(N)] (2.1.26)
b) Ma tran

Ma tran F, kich thuéc MxN la tap hop céc phﬁn t¢ F(m,n) vé6i m=1,2,...M, n=1,2,....N
dugc sap xép thanh M hang va N ¢ot nhu sau:

F(1,1) F(L2) .. F(1,N)
e F(2,1) F(2,2) ... F(2,N) 2127
F(M) F(M.2) o FOLN)

Luu ¥ ring, trong Matlab, dia chi ciia mdi diém anh dugc xac dinh theo vi tri hang va
cOt trong ma tran cua diém anh do, vi du F(2,1) 1a diém anh ndm & hang thtr 2, c6t thu 1 trong
ma trdn F. Céc biéu dién nay khac v&i phuong phap biéu dién anh sé dugc xét & phan

Ma tran NxN dugc goi 1a ma tran vudng cép N.

Trong ma tran vudng, tip hop cac phan tr F(1,1), F(2,2),.. F(NN) duoc goi 1a duong
chéo chinh, duong chéo con lai goi la duong chéo phu.

Ma tran vudng c cac phan tir ngoai dudng chéo chinh bang 0 goi 13 ma trdn chéo. Ma
tran chéo vdi cac phén t trén duong chéo bﬁng 1 goi 1a ma tran don vi, ky hi¢u 1a I,,.

¢) Cong ma tran

Toéng ma tran C=A+B chi x4c duoc dinh khi A va B ¢6 cung kich thudc MxN. C ciing
¢6 kich thuéec MxN, céc phan tirctia C 1a:  C(m,n)= A(m,n)+B(m,n).

d) Nhan ma tran

Tich hai ma tran C=AB chi x4c dinh khi sé luong cot cia A bang sé dong cua B. Khi
nhan ma tran A c¢o kich thuéec MxP v61 B - PxN ta nhan duoc C c6 kich thudc MxN:

94

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

A ¥

i C(m,n)=ZA(m,p)B(p,n) (2.1.28)
==l p=l
g
Tinh cua hai ma tran khong c6 tinh giao hoan.
Vidu 1.
Str dung Matlab dé tao ma trn va nhan ma tran
>> A=ones(2,3) >> B=magic(3) >> A*B
A= B= ans =
I 1 1 8 1 6 15 15 15
I 1 1 3 5 7 15 15 15
4 9 2
>> A= magic(3) >> B=eye(3,3) >> A*B
A= B= ans =
8 1 6 1 0 O 8 1 6
3 5 7 0 1 0 3 5 7
4 9 2 0 0 1 4 9 2

Tinh ctia ma trdn vudng A va ma tran don vi cung cap B chinh la ma tran A.

e) Ma tran nghich dao
Ma tran nghich dao ctia ma tran vudng A 1a ma tran A ' néu: A4 =T va A'A=1.

Néu ton tai ma tran nghich ddo ciia ma trédn A cép n thi A dugc goi 1a kha nghich.

>> A=[1 2;3 4] >>inv(A) >> A*inv(A)
A= ans = ans =

1 2 201 I 0

3 4 1.5 -0.5 0 1

Ma tran don vi I ¢6 nghich déo 1a chinh no.
f) Ma tran chuyén Vi

Ma tran chuyén vi cua A thu duoc béng cach ddi chd hang thanh cot va cdt thanh hang
va gitt nguyén thir tw cac phan tir trén hang. Ma tran chuyén vi cia A ky hiéu 1a A" .
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Néu A=A", ma trin A duoc goi la ma tran ddi xing. Ma tran nhan dugc khi cong

A+ A" vanhan A4" 1a ma tran d6i xtmg.

Cho ma trgn bét ky: Ma tran chuyén vi 4" Tich 44" 1a ma trén d6i
>> A=[123:4 5 6] > A Ximg:
A= ans = 7z ATA
L 2 3 - ans =
4 5 6 2 5 ¥ A3
3 6 32 77

g) Tich v6 hudng (scalar product) hai vector fva g kich thude Nx1:

k=g'f=f'g,
N (2.1.29)
k=2 g(n)f(n)
n=1
1)1 1
Vidu: [2].|3]=[123]3 :[22]
3115 5

h) Tich ma tran cua hai vector f kich thudc Mx1 va g kich thudc Nx1 1a ma tran:

Asef’, (2.1.30)
A(m,n) =g(m)f(n) o
1 1 1 1 3 4
Vide |2|x|3|=(2([1341=]2 6 8
3 5 3 3.9 12

1) Tich chép hai ma tran
Nhu ching ta da biét, d6i v6i cac hé théng xir 1y tin hiéu roi rac tuyén tinh va bét bién
quan hé giita dap tmg (diy ra) va kich thich (ddy vao) ciia hé théng dwoc mé ta theo (2.1.23):

N1 NiEL

y(mn)=3

=0

x(Lk)h(m—1;n—k) (2.1.31)

0

Dbi v6i hé thdng xtr 1y anh, tin hiéu vao va dap tmg xung thudng dugc biéu dién dudi
dang ma tran hai chiéu, do d6 dé mé ta tac dong cua hé théng 1én tin hiéu ta can tim tich chap
hai ma tran. Tich chap hai ma tran kich thuéc M, xN, va M, x N, s& 1a ma tran c6 kich

thuse (M, + M, —1)x(N, + N, —1).

Vi du:
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p M
1 2 1 1 1 x(n,m) 0
2 4 3 1 2 1
Yn % 2 4 3
h(-n,-m)
ya,0=| V¥n
1 1
h(1-n,2-m)
1
S o
1 1
@ 1 p M
1
1 1
2 4 3
h(n,m
v, nem y(1,2)=
Ax)+(1x2)=-1 ¥
Hinh 2.1.23 Tich chép hai ma tran
X = h= >>y = convn(x,h)
1 2 1 -101 y=
2 4 3 h 1 -1 1 1
-1 1 4 4
2 6 7 3

Khi tim gia tri tich chap cho cac diém nam tai bién ciia anh vi du diém y(1,1) (Hinh
2.1.23), cac diém anh khong ton tai trong x(m,n) phai duoc gan céc gia tri nhat dinh. C6 nhiéu
quy tic chén gia tri mic xam nhu: mic dinh bang 0, 1ap lai cac gia tri mic xdm trén duong
bién ctia 4nh v.v. Ta s& xét cac truong hop nay khi noi vé cac phuong phap loc anh.

k) Bién d6i ma tran thanh mot vector (stacking operator)

Trong mot s6 trudng hop, viée phén tich hinh anh 2 chiéu s& don gian hon khi ma trn F
cac diém anh 2 chiéu (N, x N, ) dwoc bién doi thanh vector cot co kich thude (N, N, ,1), dé

1am duoc nhu véy, chiing ta sap xép 1an luot cac cot (hay hang) cia F thanh 1 vector dai.

Thao tic trén c6 thé dugc md ta thong qua vector v, (N, x1) va ma tran N,
(NN, xN,):
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v =1 |n (2.1.32)

(n—1) zeros matrix (N, x N,)

‘1 0 ... 0]
01 .. 0 n™ unit matrix

N =[], . : (2.1.33)
00 .. 1]

(N2 —n)zeros matrix (N, xN,)

Ma tran F s& duoc bién d6i thanh vector f nhu sau:
N2
f=> N,Fv, (2.1.34)

n=1

Bién d6i nghich tir f thanh F 1a:

NZ
F=) NIfv, (2.1.35)

n=1

S¢ dung cong thic (2.1.34) va (2.1.35) c¢6 thé dé dang x4c dinh quan hé giira hai
phuong phap biéu dién hinh anh 2 chiéu thong qua ma trdn va vector. Phuong phap biéu dién
dudi dang vector giup thu gon dang ké cac cong thirc mo ta qué trinh xur Iy anh va cho phép
chung ta 4p dung nhitng phuong phap xir 1y tin hiéu 1 chiéu trong xir 1y anh.

Vi du: Bién d6i ma tran F (3x3) thanh vector f
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1

I 4 7 1 0 0
F=12 5 8|,vy=|0];v,=|1}vy;=[0],
369 0 0 1
1 0 0] [0 0 0] [0 0 0]
010 0 0O 0 0 O
0 0 1 0 0O 0 0 O
0 0O 1 00 0 0 O
N,=[0 0 O;N,=|0 1 O[;N,={0 0 0
0 00 0 0 1 0 00
0 00 0 00 1 00
0 00 0 00 010
0 0 0] 0 0 0] 0 0 1]
N,
f=> N,Fv, = N,Fv, + N,Fv, + N,Fv,
n=1
1 0 0] 1 0 0] 1]
010 0 1 0 "
0 0 1 0 0 1 3
0 0 OfjL 4 7|1 0 0 0}f1 0
NFv,=[0 0 0|2 5 8|l0|=/0 0 0][2]=]0
0 0 0f|3 6 9]0 0 0 0|3 0
0 00 0 00 0
0 0 O 0 0 O 0
0 0 0 0 0 0 0
[0] 0] 1]
0 0 2
0 0 3
4 0 4
Tuong tuta c6: N,Fv,=|5|; N,Fv,=|0 = f=]5
6 0 6
0 7 7
0 8 8
10 ] 9] 19 ]

2.1.7.3 Biéu dién hé thong tuyén tinh biang ma trin
Viéc phan tich cc toan tir tuyén tinh trong xtr 1y anh s& thuan tién hon khi chung ta sir
dung phuong phap biéu dién bang ma tran da dé cap t6i ¢ trén.
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Khi tim dap tng hé thong, biét ham dép tng xung, chiing ta st dung (2.1.23):
N-1

Z‘i x m—l;n—k)
=0

k=0
Cho tin hi¢u vao x(m,n) va dap ung xung h(m,n) la cac ma tran vudng 3x3, ta co:
( ) x(0,0) (m—O,n—O)+x(1,0)h(m—1,n—0)+x(2,0)h(m—2,n—0)+
x(0,1)h(m—0,n-1) +x(L1)h(m—1Ln—1) +x(2,1)h(m-2,n—1) +
x(0,2)h(m=0,n=2)+x(L2)h(m—1,n—-2)+x(2,2)h(m—2,n-2)
(2.1.36)

C6 thé thay rang, vé phai ctia (2.1.36) 14 tich vo hudng ciia hai vector cot x va h,.,

x(0,0) h(m—O,n—O)
x(l,O) h(m—l,n—O)
x(2,0) h(m—Z,n—O)
x(O,l) h(m—O,n—l)
x=|x(L1) | &,, =| h(m—1Ln-1)
x(2,1) h(m—-2,n-1)
x(O,Z) h(m—O,n—Z)
x(1,2) h(m=1,n-2)
_x(2,2)_ _h(m—2,n—2)_

Co thé théy rﬁng, ma trin cac diém anh X ung véi ham 2 chiéu x(m,n) - dugce bién
ddi theo (2.1.34) dé nhan dugc vector x. Néu ma trdn anh Y ung voi y(m,n) cling duoc

biéu dién twong ty thi vector h, . s& bién d6i thanh ma tran H:

[7(0,0) ~(=1,0) h(=2,0)| ~(0,~1) h(-1,-1) h(-2,-1)| A(0,-2) h(-1,-2) h(-2,-2)]
h(1,0)  £(0,0) h(-10) | A(L-1) #(0,-1) h(-L-1)| A(L,-2) £(0,-2) h(-1,-2)
17(2,0)  A(1,0)  A(0,0) LA(2,=1) A(L-1)  A(0,-1) | h(2,-2) A(1,-2) h(0,-2) |
h(0,1)  h(=11) A(-2,1) | £(0,0)  ~(-1,0) A(-2,0) | A(0,~1) h(-1,~1) h(-2,~1)

H=| h(L1) #(0,1) h(=L1) | #(1,0)  £(0,0)  A(=1,0) | A(1,-1) A(0,~1) h(~1,-1)
h(2,1)  h(1,1)  A(0,1) | £(2,0)  A(1,0)  A(0,0) | A(2,-1) A(1,-1)  h(0,-1)
h(0,2) h(-12) h(-2,2)| A(0,1) A(-L1) h(-2,1) | A(0,0) A(-1,0) A(-2,0)
h(1,2)  h(0, 2) h(-1,2) | n(L1)  h(0,1)  A(-L1) | A(1,0)  #(0,0)  A(-1,0)
17(2.2) h(L2)  (0.2) | A(2,1)  A(L1)  A(0,1) | A(2,0)  A(1,0)  A(0,0) |

(2.1.37)
Khi d6, phwong trinh (2.1.23) dugc rat ngan nhu sau:
y = Hx (2.1.38)
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Pay la phuong trinh co ban trong linh vyuc xir Iy anh tuyén tinh. Ma tran H c6 thé duoc
chia thanh 9 ma tran kich thuéc 3x3 nhu sau:

HOO HOI H02
H=|H, H, H, (2.1.39)
H, H, H

20 21 22

Khi x(m,n) va y(m,n) c6 kich thuéc N x N, Ma tran H c6 kich thusc N* x N?,

cdc ma trgn nhd H  s€ co kich thuéc N x N . Trong truong hop tong quat, H 1a ma tran

n

circulant khoi, duoc tao ra bédi N x N ma tran circulant theo cach sau:

T [— | - [— ] i [— 1]
m("zoj m[": ] m(’“:N‘l)

| nzO_ i n:0_ i n=0 |

[ [—> ] i [— ] k Py i

H = mi(k:()] mi(kzlj mi(k:N_lJ (2.1.40)

| n=1 ] | n=1_ i n=1 |

[ - B> I [ |

m¢[k=o ] m%k:l ] mi(k:N—lj

i n=N-1 n=N-1 i n=N-1 |

Theo (2.1.34) vector y twong dwong ma tran anh Y c6 thé tim duoc thong qua ma tran
X nhu sau:

N
y =Y HN Xv, (2.1.41)

n=1

Ngoai ra, sir dung (2.1.35) chiing ta c6 thé biéu dién ma tran Y thong qua vector y cua

anh:
N
Y=> M yup, (2.1.42)
m=1
Tir (2.1.41) va (2.1.42) chiing ta c6 thé tim ra quan hé gitra ma tran anh vao va ra ctia hé
théng tuyén tinh:

Y=ii(M;HNn )X (v,un) (2.1.43)

n=1

—_

m=

1 A ’ : < [N A 7. A T 2 ~ s ,
Co thé chung minh duoc rang vi¢c nhan H v6i ma tran M| va N s€ tach ra cac ma

tran circulant Hm’n , nhu vay ta co:
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Y=ZZH X(V uT) (2.1.44)

D6i voi hé théng tuyén tinh tach duoc (separable), qua trinh tim tong chap (2.1.23) ¢o
thé dugc thuc hién 1an luot béng cach tinh téng theo m, sau do theo n. Ta c6 thé viét:

h(m,ln,k)=h, (m,1)h (nk) (2.1.45)
y(mn) =k (m,0)Y x(Lk)h, (n.k) (2.1.46)
=0 k=0

Theo (2.1.45) ta thiy trong cdc ma tran circulant (2.1.40) thanh phin &, (n,k) la
constant va c6 thé dua ra ngoai ma tran. Do d6 ma tran circulant khdi H c6 thé bién d6i nhu

sau (dé rat gon, chiing ta viét tat h,,=h (n,k)):

th,O "'th—l,O th,O "'th—l,O
P E : S N E
th,N—l "'th—l,N—l th,N—l "‘th—l,N—l
th,O "'th—l,O th,O "'th—l,O
=] o h 'h v h , =h'®h  (2.1.47)
cO,N-1°""""c N-1,N-1 cO,N-1*""""¢c N-1,N-1

th,O"'th—l,O th,O'“th—l,O

hrO,Nfl : hrN—l,N—l :

th,N—l "'th—l,N—l th,N—l "‘th—l,N—l

Ma tran H duoc goi la tich Kronecker cuia hai ma tran 4! va A/ .

2.1.7.4 Bién doi khong gian tin hiéu
Ngoai phuong phép phan tich tin hiéu trong khong gian thuc, trong nhiéu trudng hop
2.1.7.4.1 Bién doi Fourier lién tuc
Cap bién doi Fourie lién tuc mot chiéu dugc dinh nghia nhu sau:

F(u) = T f(x)eiﬂ”“xdx (2.1.48)

f(x) = T F(u)eﬂ”“xdu (2.1.49)

f(x) 1a ham lién tuc, c6 bién thuc x, j=+/-1.
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Cong thire (2.1.48) duoc goi 13 khai trién thuan Fourier con (2.1.49) — khai trién nghich
Fourier.

Khai trién Fuorier 2 chiéu (2D) dugc sir dung twong ddi rong rai trong cic qué trinh xir
1y anh nhu loc, x4c dinh bién anh, nén anh v.v. Cap bién d6i Fourier lién tuc 2 chiéu thuan va

nghich s¢ la:
F(u,v)= j J‘f(x,y)e_jz”(mw)dxdy (2.1.50)
f(x.p)= [ [F () e ™ dudy 2.151)

—00 00

Vi du: Bién d6i Fourier ctia xung hinh chit nhat trong khong gian 3 chiéu (hinh 3.1.24a)
c6 dang nhu trén (Hinh 2.1.24b).

a) b)
Hinh 2.1.24 Phé Fourier ctia xung hinh chit nhat trong khéng gian 3 chiéu.

D061 véi tin hi€u roi rac, mdt bién, cdp khai trién Fourier thuan va nghich c6 dang nhu

Sau:
1 M-1 7]2”7
— > fl(x véi u=0,1,2..M -1, (2.1.52)
M x=0
M-1 B
f(x)=) F(u)e ™M v6ix=0,1,2.M -1 (2.1.53)
u=0

Pé thuc hién khai trién Fourier, chung ta phai st dung M” phép nhén va phép cong.
Cung nhu tin hi¢u roi rac f (x), khai trién Fourier ctia no cho két qua 1a M céac thanh phan
101 rac. D& dang nhan thiy rang, mdi thanh phan rdi rac trong F(u) 1a tong cua tich tit ca cac
gia tri cua ham f (x) nhan véi cac ham cosin va sin ¢6 M tan sd khac nhau. Nhu vay co thé
n6i F(u) 13 biéu dién tin hiéu f(x) trong mién tan s vi bién u xac dinh céc tan s tao nén tin
hiéu r0i rac f(x). C6 thé noi, khai trién Fourier cho phép chung ta mé ta mot ham théng qua
cac thanh phan tan s6 chira trong ham d6. Chinh vi vay khai trién Fourie ¢6 thé dugc sir dung
nhu 1 cong cu quan trong dé mé ta va phan tich cac phuong phap loc tuyén tinh.
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Trong trudng hop tong quat, ham F(u) 1a ham phirc, do d6 nod c6 thé duoc biéu dién
dudi dang:

F(u) = ‘F(u)‘ e/ (2.1.54)

Modul ‘F(u)‘ = [Rz (u) +1° (u)]l/2 duoc goi 1a phd bién do, con ham

I(u)
R(u)

D(u)= arctg{ } goi 1 phd pha cta ham f(u). I(u) va R(u) 13 thanh phan thyuc va

ao cua F(u).

Mot dai lugng khac co thé suy ra tur phé Fourier la phé cong sut cua tin hiéu P(u):
P(u)=|F ()] =R (u)+1*(u) (2.1.55)
Phd ning lugng cho ching ta thiy phan bd cong suat cua tin hiéu trong mién tan sb.

Bién d6i Fourier c6 thé duoc méd rong cho ham f (x, y) c6 2 bién. Khi f (x, y) lién
tuc va ly tich phan duoc thi cap bién d6i Fourier 2 chiéu thuan va nghich sé la:

0

F(u,v)= j If(x,y)eijh(umy)dxdy (2.1.56)

—00

o0

f(x,y)= j J‘F(u,v)eﬂ”(mmdudv (2.1.57)

—o0
u, v la bién tan so.

Ciing nhu truong hop bién d6i Fourier 1 chiéu, ta c6 phd bién do, phd pha va pho cong
suat cho trudong hop 2 chiéu:

‘F(u,v)‘z[Rz (u,v)+12 (u,v)T/2 (2.1.58)
~ I(u,v)

CD(u,v)—arctg{R(u)v)} (2.1.59)

P(u,v)z‘F(u,v)z‘:R2 (u,v)+12 (u,v) (2.1.69)

2.1.7.4.2 Bién doi Fourier roi rac 2 chiéu

Bién do6i Fourier thuan 2 chiéu cia ham roi rac f(x,y) (mod ta anh s6 kich thuéec MxN)
duoc biéu dién nhu sau:

(2.1.70)
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Néu c6 F(u,v) ching ta ¢6 thé tim ra f(x,y) bang khai trién Fourier thudn:

M-1N-1 j2;{3+ﬂj
f(x,y):ZZF(u,v)e Mo (2.1.71)

u=0 v=0
Pho bién d6, phd pha va phd cong suit ciing dugc xac dinh nhu sau:
‘F(u,v)‘ = [Rz (u,v)+ I’ (u,v)}l/2 (2.1.72)

1
D (u,v)= arctg{R((Z’,‘;)J (2.1.73)
P(u,v)z‘F(u,v)2 =R2(u,v)+lz(u,v) (2.1.74)
Gi4 tri ctia pho Fourier tai diém u=v=0 bang:
1 M-1N-1
F(0,0)=—— fix,y (2.1.75)
(0.0)= 2 Zé (x.7)

Néu f(x,y) ham biéu dién d6 choi cua anh s thi F(0,0) chinh 1a gia tri trung binh cta do
choéi anh. Vi (0,0) 1a diém géc toa d¢ khong gian tan s, noi tan sb béng 0, nén thanh phén
F0,0) con dugc goi 1a thanh phan mét chidu (DC) cta phd tin hiéu.

Vi dy: Trén Hinh 2.1.25a 1a anh chi tiét hinh chit nhat mau tréng, kich thudc 20x40
nam trén anh phong mau den. Phd 2 chiéu cta anh trén nhan dugc bang khai trién Fourie (
3.1.70) biéu dién trén Hinh 2.1.25b. Trong truong hop nay, cac thanh phan phd cia tin hiéu s&
duoc danh sb theo thtr tu tir u=1 t¢i u=M, v=1 téi v=N.

Pé thanh phﬁn mot chidu cua phé nam tai trung tdm cua anh, chiing ta phai thuc hién
dich phd trong khong gian hai chiéu, bang cach nhan ham f(x,y) véi (—1)x+y , khi d6 theo
tinh chat cua khai trién Fourier, phd Fuorier phirc s& dich chuyén dén vi tri u = (M/ 2) va
V= (N / 2) :

f(x,y)(-1)" (—)F(u—%;v—%j (2.1.76)

Pho 2 chiéu cua anh sau khi dich chuyén duoc biéu dién trén Hinh 2.1.25¢

Pham vi dai dong (khodng bién thién) cua gia tri cac hé s6 khai trién Fourier c6 thé cao
hon nhicu so voi gié tri cia thanh phan chdéi. Vi vay, dé anh phd hién thi rd hon trén man
hinh, do6i khi nguoi ta bién doi cac gia tri pho theo ham logarit nhu sau:

D(u,v):clog[1+‘F(u,V)H (2.1.77)
c- hang sb.
Anh ph6 sau khi bién d6i bang ( 3.1.77 ) biéu dién trén Hinh 2.1.25d.
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Hinh 2.1.25 Phd Fourier cua hinh anh 2D

2.2 PHAN TiCH CAC KY THUAT XU LY ANH VA VIDEO
2.2.1 Khai niém vé quan h¢ giira cic diém anh
2.2.1.1 Cic diém anh lin cin

M&i diém anh p tai toa d6 (x,y) s& c6 4 diém anh dugc goi 13 1an c4n theo chiéu ngang
va doc, d6 1a cac diém (x +1,y),(x=1,y),(x,y +1)(x,y—1). Tap hop 4 diém lan can
trén duge ky hidu la N, (p). Mi diém lan can ndm céch diém (x,y) 1 don vi. 4 diém anh lan
can voi diém (xy) theo dudng chéo ky hitu la N,(p), do la cac diém:
(x+Ly+1),(x+1Ly—1),(x=1Ly+1)(x—1,y—1). Tap hop 8 diém N,(p) va
N, (p) duoc goi 1a 8 diém lan can: N (p) Trong truong hop khi diém p nim & bién cua
anh, cac diém 1an cin c6 thé nam bén ngoai anh.
2.2.1.2 Méi lién két (connectivity)

MGéi lién két gitra cac diém anh 13 khai niém quan trong, cho phép xac dinh céc gidi han
cta chi tiét hay cac ving trong mot anh. Hai diém anh c6 su lién két v6i nhau néu chung 13
cac diém lan can va gia tri mirc xam cua ching dap tmg 1 tiéu chudn nao d6 (thi du néu chung

gidng nhau). Vi du, dbi voi anh nhi phan, 2 diém anh c6 lién két, khi chung nim trong bo 4
1an c4n va c6 gia tri gidng nhau.

Cho V 1 tap cac mirc xam dung dé dinh nghia mdi lién két, vi du trong anh den-tring,
gia tri cac mirc xam thay ddi tir 0-255, thi V ¢6 thé 1a 1 tap bat ky trong sd 255 gi tri nay.
Chhung ta c6 3 loai lién két:
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1) Lién két 4: hai diém anh p va q c6 cac gia tri tir V c6 lién két 4 néu q nam trong tap
N, (p).

2) Lién két 8: hai diém anh p va q c6 cac gia tri tir V ¢6 lién két 8 néu q nam trong tap
N; (p)-

3) Lién két m (hdn hop): hai diém anh p va q c6 cac gia trj tir V ¢6 lién két m néu:

- q nam trong tap N, (p) , hodc
- q ndm trong tap N (p) vatip N, (p) NN, (q) khong chira céac gia tri trong V.

Lién két m 13 bién thé cua lién két 8 ding dé loai trir cac mdi lién két da hudng (khong
1d rang) co thé gap khi dung lién két 8. Piéu nay minh hoa trén Hinh 2.2.1b. Lién két 8 trén
Hinh 2.2.1 duoc biéu dién bang dudng dat nét 1a lién két da hudng, trong khi d6 néu st dung
khai niém lién két m, ta s& xac dinh 1 duong lién két duy nhét giita cac diém anh c6 gi tri
bang 1 (Hinh 2.2.1c).

0 1 1 0 1----1 0

Hinh 2.2.1 Minh hoa lién két 8 va lién két m.

Puong két ndi (roi rac) gitra hai diém anh p c6 toa do (x,y) va q c6 toa do 1a (s,t) 1a

chudi cac pixel khac nhau véi céc toa d0: (X,,¥, )s(X,, ¥, ),--(X,, Y, ), trong do:

(X5¥0) =(x.Y)
(x0¥,)=(s:1)
(x;,y;) va (x,_,,¥. ) 1a céc diém lién két véi 1 <i<n.n duoc goi la chiéu dai cta
duong két néi. Khi (Xo,¥,)=(X,,y, ). duong ndi duoc goi 1a khép kin.
Tuy theo phuong phap xac dinh lién két,ching ta c6 duong két ndi 4, 8 hodc duong két
nbi m. Trén Hinh 2.2.1 m6 ta 2 loai dudng két néi m va 8.

Cho S 1a mét tap cac diém anh, hai pixel p va q dugc goi 1a lién két trong S, néu ton tai
duong két ndi gitra hai diém p va q duoc tao ra chi boi cac diém trong tap S.

V6i bt ctr diém p nao tir S, tat ca cac pixel lién két v6i p trong S s& dugc goi 1a thanh
phén lién két cua S. Néu S trong chi tdn tai mot thanh phén lién két, thi tap S goi la tap lién
két.

Cho R 14 tap con cac diém anh, R duoc goi 1a 1 ving anh néu R 1a tap lién két. Puong
bién cuia vung R duogc tao ra tir tdp nhd céc diém anh. Céc diém nay co 1 hodc nhiéu hon cac
diém lan can khong nam trong tap R.
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2.2.1.3 Todn tie xie 1y diém dnh

Trong cac phan sau, chung ta s& noi dén cac phép tinh thuc hién v6i hinh anh, thi du
chia mot anh cho anh khac. Nhu di gidi thiéu & trén, ta c6 thé biéu dién anh sé nhu ma tran
cac diém anh,tuy nhién trong trudng hop tong quat, hai ma tran khong chia duoc cho nhau. Vi
vay, trén thuc té, khi thuc hién toan tir chia 2 anh cho nhau, ngudi ta chia cac pixel tudng tng
ctia 1 anh cho anh khac (v6i diéu kién cac diém anh ctia anh chia khac 0). Vi dy, khi chia anh
f cho anh g, diém anh thir nhat nhan duoc s& 1a gia tri diém anh thtr nhat cua anh f chia cho
gia tri diém anh tht nhat cua anh g. Tuong tu nhu vay, cac toan tir s6 hoc va logic s& dugc
thue hién cho cac pixel twong ung gitra 2 anh.

2.2.1.3.1 Khodng cdch giita cdc diém dnh
Déi véi cac pixels p,q,z v6i cac toa do (x,y), (s,t), (u,v), D 13 ham khoang cach hodc

metric, néu:

D(p,q) >0, D(p,q) =0 néu p=q
D(p,q)=D(q.p)
D(p,z)<D(p,q)+D(q,z)

2.2.1.3.2 Khoang cach Euclide gitta p va q dwoc dinh nghia:

D, (p.a)=[ (x~s) +(y-1)'] - 22.1)

2.2.1.3.3 Khoang cdach Dy giita p va q dwoc dinh nghia:
D,(p.q)=|x—s|+]y - (2.2.2)

Céc pixels nim cach diém (x,y) mot khoang Dy nhé hon hodc bang gia tri r s& tao ra
hinh thoi c¢6 tim diém tai (x,y).Vi du: pixels nam céach (x,y) médt khoang D 4 S 2 tao ra hinh

thoi sau:

o)
[ IR ]
= =
o R N ]

g —

2.2.1.3.4 Khoang cach Dg gitta p va q dwoc dinh nghia nhu sau:

D, (p,q) :max(‘x—s y—t‘) (2.2.3)

9

Vi du: pixels nim cach (x,y) mot khoang D, <2 tao ra hinh vudéng c6 tam diém tai

diém (x.y):
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Pixels voi khoang cach Dy =1 1a 8 diém lan can cua pixel (x,y).

2.2.2 Cac phuong phap xac dinh va du déan bién dnh
2.2.2.1 Co so phat hién dwong bién anh

Lam ndi, phat hién va du doan bién anh 1a van dé quan trong trong phan tich anh. Nhu
da dugc dinh nghia ¢ phan trude, dudng bién ctia mot ving anh R duoc tao ra boi cac diém
anh c6 mot hodc nhiéu diém lan can khong nam trong tap lién két R. Noi cach khac, mot diém
anh duoc coi 12 nam trén dudng bién néu tai vi tri diém anh d6 c6 su thay d6i dot ngdt cua
mirc xam. Nhu vdy, duong bién 1a duong ndi cac diém anh nam trong khu vuc anh cé thay doi
dot ngot vé do choi, dudng bién thuong ngin cach hai ving anh ¢6 cic mic xdm gan nhu
khong doi.

i M'L'PC
xam
3
L Duong bién ly
2 >
twéng
f L4
i M'L'PC
xam
Puwong bién co
L, murc xam tang
L dan
5 - 1
Duwdng bién
A M'L'PC
xam
~/— L Buong bién
¢ L, thuc te

Hinh 2.2.2 Minh hoa khai niém dudng bién ctia anh

Puong bién giita hai viing anh (c6 d6 choi khac nhau) trong khéng gian 2 chiéu va sy
thay doori do choi trén duong bién.

Trong trudng hop 1y tudng, do choi gitta 2 ving anh thay d6i dot ngot hodc ting dan
déu. Tuy nhién, trén thuc té, mic xam giita cac vung anh thay doi twong ddi ngau nhién.
Chinh vi vy qua trinh phat hién dudng bién thuong khong don gian va két qua thuong khong
hoan toan chinh xéac.

C6 nhiéu phuong phap phat hién duong bién khac nhau:

1- Phuong phap phat hién dudng bién tryc tiép dua trén cic phan tich vé sy thay doi do
chéi cua anh. K§ thuat chi yéu dung dé phat hién bién 1a dung dao ham. Khi ldy dao ham bac
nhat ctia anh ta c6 phuong phap gradient, khi 1dy dao ham béc hai ta c6 ki thuat Laplace.
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2- Phuong phap phat hién dudong bién trong anh mau: phan tich &nh mau thanh cac anh
don sic (R,G,B) va xac dinh dudng bién trén co so su thay doi mau sic trong cac anh don sic
noi trén.

3- Phan tich anh thanh ving theo cac dic diém dic trung (thi du két cdu bé mat
(texture)), ranh gidi gitra cac vung chinh la duodng bién cia anh.

2.2.2.2 Phuwong phap Gradient

f(x.y) G(xy) E(x.y)

—_— S nbci)égu’ong —»1 So sanh ngwéng —_p

Hinh 2.2.3 So db khéi tong quat cta hé thong phét hién duong bién
So d6 khéi tong quat ctia hé thdng phat hién duong bién biéu dién trén Hinh 2.2.3.

Anh gbc f(x,y) duoc dwa vao khéi lam ndi dudng bién. O ddy, bang phuong phap xir 1y
tuyén tinh hodc phi tuyén anh F(x,y) duoc lam ting mirc chénh léch do choi giita cac ving
anh. Anh G(x.y) 14 anh gdc da dugc ting cuong bién do duong bién giita cac ving anh. Sau
6, tai khdi so sanh, ngudi ta so sanh gia tri cac diém anh G(x,y) v6i mirc ngudng T dé xéac
dinh vi tri cac diém c6 muuc thay doi d6 choi 16n. Néu:

G (X,y) < T, - co su thay d6i mirc chéi tir cao xuéng thap
G (X,y) > T,, - ¢6 su thay d6i mitc chéi tir thap lén cao.
T, va T, la gia tri mic ngudng thap va cao.

Viéc lya chon gia tri ngudng rat quan trong trong qué trinh xac dinh duong bién. Khi
gia tri T qua cao, cac dudong bién c6 do tuong phan thép s& bi mat di, nguoc lai, khi T qué
thép, dé xdy ra hién tugng xac dinh bién sai dudi tdc dong cta nhiéu.

Phuong phéap gradient 1a phuong phap do bién cuc bd dua vao gia tri cuc dai cia dao
ham. Gradient 1 vector cho thay toc do thay ddi gia tri do choi ciia cac diém anh theo huéng
nhat dinh. Cac thanh ph?m cua gradient dugc tinh boi:

of (x,y) f(x+dx,y)-f(x.,y)

_ 2.2.4
ox dx o

of (x,y) _f(x,y+dy)—f(xy) (2.2.5)
ay : 2.

dx va dy la khoang céch giira cac diém theo hudng lay x va y. Trén thyc té thuong ding
dx=1, dy=1. Khi anh s6 duoc biéu dién nhu ma tran cac diém anh phéan bd theo dong va cot,
gradient r0i rac theo huéng x s& bang:

G, (X,y):f(x+1,y)—f(x,y) (2.2.6)

Gradient theo hudng vy sé la:
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G, (x,y):f(x,y+1)—f(x,y) (2.2.7)

b)

Hinh 2.2.4  Lam ndi dudong bién
s dung phuong phép gradient, a- anh
gdc;  b- 1ay dao ham riéng theo chiéu y;
c- léy dao ham riéng theo chiéu x;

Pé 1am ndi nhitng dudng bién doc, ta phai ldy dao ham roi rac theo chiéu ngang va
nguoc lai. Két qua qua trinh 1am no6i duong bién theo phuong phap gradient thé hién trén hinh
224,

2.2.2.3 Lam noi bién bing todn tir la ban

Pao ham roi rac hai chiéu c6 thé duoc thuc hién bang cach lay téng chap gitta anh goc
va mat na gradient. Mot s6 mat na dugc su dung dé lam ndi céc duong bién theo hudng nhét
dinh [ ]. Tén mat na dugc dat theo hudng thay doi do choi ma mit na co dap ung 16n nht.

Béc

Tay A Béng
Bac Bac
Tay - - Dong
Tay béng
Nam A J Nam
Nam
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H= 1 -2 1 H= -1 -2 1
11 101

boéng- Dong-
bic 1 1 1 nam 11
H= -1 -2 1 H= -1 -2 1
11 A1 1 1 1

Anh da dugc lam noi bién bang cadc mat na trén bi¢u dién ¢ cac hinh sau:

Bic Poéng Bac

Dong Dbong Nam
C6 thé thy rang, cic mat na trén co tong gia tri cac hé sé bang 0, do d6 dap ung cua

mit na tai ving anh c¢6 do choi khong doi s& bang 0.

2.2.2.4 Ky thudt Laplace

Phuong phap gradient 1am viéc tot khi d6 sang thay doi tuong ddi rd nét. Khi mirc x4m
thay ddi cham, cac duong bién khong rd nét, mién chuyén tiép twong ddi rong, phuwong phap
hiéu qua hon la dung dao ham bac hai ma ching ta goi 1a phuong phdp Laplace. Todn tir
Laplace dugc dinh nghia nhu sau:
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o’f &f
vZ = + 2.2.8
/ dx’ a’y2 ( )

Vi¢e xap xi dao ham bac hai cho tin hi¢u roi rac (tam thoi xét tin hi¢u mét chiéu) dugc

thuc hién nhu sau:

‘2;{ ()4 £ (x=1) =21 ()

Pé thay su khac biét, chung ta quan sét tic dong ctia dao ham bac mot va bac hai téi tin

(2.2.9)

hiéu:

--e-e -0
1

7 Diém anh
" 6 :r riéng ré !
@5 *-% Muic xam giam dén s Buéng Bicsing
4 ‘. : ‘\‘ manh \\Jﬂ
3 Y /| Mién bing » ;
m 2 \\‘\ : |1 phang K ‘\\ :
1 . ! \ R Y :
0 \‘.,+,.' S SR Te--e-a -4
cusiagmanh [5[s]4[3]2]1[ofolo]efofolofo]t]3{t]ofo]olo]7]7]7]7] ]-
e e
Ko ™ —1-1-1-1-10 0 6—60 0 0 1 2-2-10 00 7 0 0 0
Iuioh | | | bihg | .l | |
6-126 0 0 1 1-41 100 7-700

Két qua dac ham
bac hai —10 0 0010

Hinh 2.2.5 Minh hoa rng dung dao ham bac mot va bac hai trong qua trinh tach bién

Nhin trén d6 thi két qua dao ham bac mot va hai (hinh 2.2.5 va 2.2.6) ta thdy dao ham
bac mot 1y trong mién mirc xAm giam dan khac khong, trong khi dao ham bac hai chi khac
khong ¢ doan dau va doan cudi. Pudng bién giita cac ving trén anh thuc thuong cé su thay
d6i d6 choi nhu trén, do d6 o thé thiy dao ham béc hai cho phép xac dinh vi tri duong bién
t6t hon dao ham bac mot. Tai vi tri diém anh riéng r&, dao ham bac 2 cho dap Gmg manh hon,
do d6 céc chi tiét nho (va ca nhiu) s& dugc lam noi rd nét hon. Pudng nét twong ddi manh
trén hinh anh ciing s& duoc lam n6i nhiéu hon khi str dung dao ham bac hai. Cubi cing, d6i

v6i tinh hiéu dang bac sang do 16n dap ung cua ca dao ham bac mot va hai gan gidng nhau.
Tuy nhién dao ham bac 2 cho két qua 4m va duong. Do d6 trén hinh anh s& c6 hiéu Gng

duong bién doi.
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X A A\

\\\// Vi

|

[~+—Dao ham bac 1 -=—Pao ham béc 2]

Hinh 2.2.6 Dang tin hiéu nhén dugc sau khi léy dao ham bac 1 va bac 2
Ddi véi tin hiéu 2 chiéu, dao ham riéng theo truc x va 'y ba‘ing:
0’ f
e :f(x+l,y)+f(x—l,y)—2f(x,y) (2.2.10)
0’ f
8_)/2
Toan tir Laplace hai chiéu roi rac tinh theo (2.2.8) c6 dang:

VA= f(x+Ly)+ f(x=Ly)+ f(xy+1)+ f(x.p-1) |41 (x.y) 22.12)

= f(xy+1)+ f(x,y-1)-21(x,y) 2.2.11)

Toan tir trén co6 thé duoc thirc hién bdi cac mat na sau:

0 1 0 1 1 1

0 1 0 1 1 1

Hinh 2.2.7 Mat na thyc hién toan tur Laplace va anh nhan dugc ¢ dau ra
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2.3 CAC KY THUAT NEN ANH
2.3.1 Giéi thidu chung vé k¥ thuit nén anh

Céc hé truyén hinh (twong tu) NTSC, PAL, SECAM st dung nén thong tin video bang
cach giam d6 rong bang tan thanh phan mau xudng < 1,2 MHz do d6 nhay ctia mét ngudi co
gi61 han ddi véi tin hiéu mau & tan sd cao. Tiéu chudn dinh dang video thanh phén 4:2:2 (
CCIR-601) dung do rong bang tan tin hiéu choi va mau 1a 5,75 MHz va 2,75 MHz (£ 0,1 dB).
Sau khi s6 hoa, toc do bit tong cong cua tin hidu choéi va mau 1a 270 Mbps. Gia tri ndy rat cao,
khong thé thuc hién dugc viée truyén tin hiéu video s6 qua vé tinh voi do rong dai tin mot
kénh 27 MHz hoidc qua hé thdng truyén hinh quang ba trén miat dat véi tiéu chuan 7+8 MHz
cho mdt kénh truyén hinh tiéu chuén. Do vay, nén tin hi¢u video 1a cong doan khong thé thiéu
dé khic phuc dugc nhitng kho khan trén.

Nén video trong nhitng ndm 1950 dugc thuc hién bang cong nghé tuong ty vai ti s6 nén
thap. Su phat trién ctia ky thuat s6 va viéc sir dung cong nghé sb vao k¥ thuat truyén hinh lam
cho khai niém “ nén video” tro thanh dé tai nong hdi trong nhiing nim gan ddy. Tl nhiing
nam 1980, cac nha khoa hoc da dat dugc nhiing thanh tyu quan trong trong viéc nén tin hiéu
video va audio. C6 rat nhiéu hang san xuét thiét bi nén, nhung déu dua trén hai dinh dang nén
rat phd bién 14 JPEG va MPEG.

Trong linh vuc truyén thong video, k¥ thuat xu 1y tin hiéu chu yéu tip trung vao muc
dich nén. Nguoi ta thuong st dung 3 phuong phap nén déi v6i hinh anh dya vao cac loai do
du: du thira khong gian, du thira ph6 va du thira tim sinh 1y nhin.

Nén vé co ban 1a mot qua trinh trong d6 sé luong sé liu (data) biéu dién lugng thong
tin cia mot anh hodc nhiéu anh dugc giam bot bfmg cach loai bo nhiing s6 liéu du thira trong
tin hiéu video. Cac chudi anh truyén hinh c6 nhiéu phan anh giéng nhau. Vay tin hiéu truyén
hinh ¢6 chira nhiéu dit li¢u du thira, ta c6 thé bo qua ma khong 1am mat thong tin hinh anh. Do
la cac phén x6a dong, x6a manh, vung anh tinh hoac chuyén dong rat chdm,vung anh nén
gidng nhau, ma & d6 cac phan tir lién tiép hodc khac nhau rat it. Ngoai ra, dé ting hé sd nén
anh dong, chuyén dong trong anh truyén hinh phai duoc du bao, khi do, ta chi can truyén cac
thong tin vé hudng va mirc do (vector) chuyén dong cia cac ving anh khac nhau. Cac phan tir
lan can trong anh thuong gidng nhau, do d6 chi can truyén cac thong tin bién doi. Cac hé
thong nén sir dung dic tinh nay cua tin hiéu video va cic dic trung cua mat ngudi (1a kém
nhay véi sai s6 trong hinh anh ¢ nhiéu chi tiét va cac phan tir chuyén dong). Qua trinh giai
nén anh 13 qua trinh xap xi dé khoi phuc anh gdc (thudng thuc hién & phia thu).

Mot hé théng nén video tiéu biéu (hay bd ma hoa nguén) bao gém: bd chuyén ddi, bod
luong tir hoa, bd ma hoa (Hinh 2.4.1)

Tin hiéu:{> B6 chuyén :D B6 lwong :D B6 méa ::>Tl’n hiéu
gbc déi t& hoa héa nén

Hinh 2.3.1: So d khdi hé théng nén anh tiéu biéu
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- B6 chuyén d6i: thuong dung phép bién doi Cosin roi rac dé tap trung ning lugng
tin hiéu vao mot s6 luong nho cac hé s khai trién dé thuc hién phép nén hiéu qua hon 1a dung
tin hi¢u nguyén thuy.

- B6 lugng tir hoa: tao ra mot luwong ky hi¢u gidi han cho anh nén véi hai k¥ thuat:
luong tir vo hudng (thuc hién luong tir hod cho timg phan dir liéu) va lugng tir vecto (thuc
hién luong tir hoa mot 1an mot khdi dir liéu). Qua trinh nay khong thuan nghich.

- B6 ma hoa: gan mot tir ma, mot dong bit nhi phan cho mdi ky hiéu.

Céc hé thong nén dugc phan biét dua trén sy két hop khac nhau gitra 3 bd xir 1y trén va
duoc phan loai nhu sau:

- Hé thong nén khong mat thong tin (lossless data reduction): thyuc hién tdi thiéu
tbc d6 bit ma khong 1am méo anh, hé théng con goi 12 nén toan bit hay c6 tinh chat thuin
nghich.

- Hé théng nén c6 mat thong tin (loss data reduction): dat duoc do trung thuc tot
nhat d6i voi toe do bit cho trude, hé thong phi hop ap dung cho tin hiéu 4m thanh va hinh anh
vi c6 hé sb nén cao.

Trong so d6 Hinh 2.3.1, ting chuyén ddi va tang mi hoa 1 noi tin hi¢u xur 1y khong bi
ton that, tang lugng tir 1a ¢6 ton that. Ngoai ra, dua trén quan diém vé ton that ching ta c6 thé
phan biét hai loai mi hoa nhu sau: mi hoa entropy (mi hoa khong ton that) va mi hoa ngudn
(ma hod c6 ton that).

2.3.1.1 Cac ky thudt ma hoa entropy

K§ thuat nay chi quan tdim dén d6 do tin trong dit liéu ma khong quan tim dén ngir
nghia cta tin. Sau day 1a mot s ky thuat ma hoa entropy hay dung trong hé thong xu 1y
video:

- Mai hoa chiéu dai dai lién tuc (RLC - Run Length Coding): cic chudi diém anh
c6 cung do choi (mtrc mau) s€ duge ma hoa béng cap thong tin (do choi, chiéu dai chudi).

- Mi hoa bang cac loai bo trung ldp: cac chudi dic biét dugc thay thé bang cd va
s6 dém lap.

- Ma hoé ding mau thay thé: day 1a dang ma hoa thong ké ma n6 thay thé cac mau
hay lap lai bing mot ma.

- M3 hoa v6i do dai (ctia tir ma) thay d6i (VLC- Variable-Length Coding)

Phuong phap niy con duoc goi 1a ma hoa Huffman. Nguyén 1y ctia né dya trén xac suit
xuét hién cta céc gia tri bién d6 tring hop trong mot buc anh va viéc gan mot tir ma ngin cho
cac gia tri co tan sudt xuét hién cao nhét va tr ma dai hon cho cac gia tri con lai. Khi thyc
hién giai nén, cac thiét 1ap ma trung hop s& dugc sir dung dé tao lai gia tri tin hiéu ban dau.
Mai hoéa va giai ma Huffman c6 thé thyc hién mot cach dé dang bang cach sir dung cac bang
tim kiém. Nhu vdy, ma Huffman dya trén nguyén tic “ky tu c6 tan sé sut hién cang cao thi
s0 bit ma hod cang ngan”.
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2.3.1.2 Phwong phap ma duw dodn

Phuong phap ma du doan hay con goi 13 diéu xung ma vi sai (DPCM — Differential
Pulse Code Modulation) khong ma hoa thong tin cé bién do & mdi mau, ma ma hoa thong tin
c6 bién do & vi sai (bién do chénh léch) giita mau da cho va tri du bao ( dugc tao tir cac mau
trudc d6). Phan tich théng ké vé phan bd bién do tin hiéu video, ta thdy phan bd bién do cac
mAu tuong tng v4i cac diém anh (pixel) vé nguyén tic 13 phan bd déu, nguoc lai phan b vé
d6 chénh 1éch bién d6 cac diém anh c6 do thi hinh chudéng xung quanh diém 0. Néu dya trén
cac dic trung théng ké anh, thi su khac nhau nay 1a khong 16n 1dm va dé ma hoa né chi can
giam s bit 1a da (so v6i viée ma hoa toan bo bién dd cac mau).

Phuong phap DPCM con sir dung ddc diém ciia mat nguoi (kém nhay véi mirc lugng tir
¢ chénh léch vé do choi giita diém anh gan nhau, so vi muc luong tir héa chénh 1éch nho)
va cho phép dung dic trung phi tuyén vé luong tir hda. Hinh 2.3.2 minh hoa so d6 khéi bo ma
hoéa va giai ma DPCM.

v e eq Kénh
+ ¥ Bo luong .| Mahoéa
Tin hiéu tr hda Entropy
video sé ]
)  + o
P \V& V - tin hiéu vao
< Bo du < 3 e=V-P (P saisb dw
doan doan)
A+ eq- sai s6 lwgng tw
V’ - tin hiéu tao lai
a) ma hoa DPCM
e ’
+ | Giaima | ¥ Vi
Kénhtin | ENtopy Tin hiéu
hiéu giai ma
Bodu |
d , -y
B oan

b) giai md DPCM
Hinh 2.3.2 So d6 khdi bo ma hoa va giai ma DPCM

Nham tranh céc 16i c6 thé xuat hién trong khi truyén, mot mau diy da duoc gui di theo
chu ky nhat dinh, cho phép cap nhat dugc cac gi tri chinh xac. Ma héa DPCM ciing str dung
thém céc ki thuat du doan va luong tir hoa thich nghi dé hoan thién thém k¥ thuat nay.

2.3.1.3 Cic ky thudt mé hod nguon
Céc ky thuat nay dya trén ngit nghia cua anh nén con goi la ky thuit ma hod huéng ngr
nghia. C6 3 loai co ban 1a mi hod chuyén doi, ma hoa sai phan va luong tir ho vecto.

- M3 hoa chuyén ddi: dung phép bién d6i Fourier hay Cosin dé chuyén tir mién
thoi gian hay mién khong gian sang mién tan sd. O déy, ching ta quan tdm dén phép chuyén
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d6i Cosin roi rac (DCT - Discrete Cosine Transform). Pac diém ciia phép bién doi nay 1a tin
hiéu anh trong mién khong gian chuyén sang mién tan s thi cac thanh phan DC va céac thanh
phan AC mang hau hét cac thong tin chtra trong anh gbc. Trong d6, DC 1a thanh phan quan
trong nhat mang do chéi trung binh cua anh, cac thanh phan AC chira cac thong tin vé chi tiét
ctia anh. Sau d6, khi qua tang lugng tir hod, cac hé sd it quan trong s& b loai bo bét va chi gitr
lai mot s6 hé sb hé sé dau tién goi 1a hé s6 DCT.

- Ma ho4 sai phan: cling dugc goi la ma hod udc doan do chi ma hoa sy khac biét
giira gia tri mau thuc va gia tri udc doan, ma hoa sai phan thuong dung cho video hinh anh
dong. Lop k¥ thuat ndy bao gom: diéu ma xung sai phan, diéu ché delta, diéu ma xung thich
nghi.

- Luong tir hoa vecto: ma hoa ting khéi hai chiéu kich thude cé dinh (goi 1a vecto)
va tra bang tim ma phu hop nhét. K§ thuat chi thich hop cho dit liéu c6 ciu trac biét trudc.

2.3.1.4 Cic phwong phdp nén inh trong hé thong video thoi gian thuc

Viéc lwa chon k¥ thuat nén phu thudc vao chat lugng anh va gidi han thoi gian tré. Cac
tiéu chuan vé cac hé thong nén anh dya trén tuy chon nay dé dua ra cic chuan phu hop. Trong
hé thong truyén anh dong (video), ngudi ta thuong sir dung phuong phap nén theo tiéu chuan
MPEG (nhu MPEG-1, MPEG-2, MPEG-4). Trong d6, diém anh 1a thanh phan co ban nhat va
dugc nhom thanh timg khoi 8x 8 diém anh (block), mot nhom 4 x4 block nay hinh thanh mot
khdi 16x 16 diém anh goi 1a Macroblock(MB). Mot slice 1a mot day cac MB lién tiép giira hai
ky hiéu danh dau tai dong bo (sync.marker). Céc thanh phan cu tric cao hon cua chudi video
1a khung anh (frame), day chinh la cac anh thyc sy ctia chudi video. C6 3 khung anh tiéu biéu:
khung I, khung P, va khung B. cudi cung 12 nhom cac khung (GOP) bat dau véi khung I va
két thiic véi khung P hoic B.

2.3.1.5 Cdc tiéu chudn nén dnh

Céc tiéu chuan quan trong bao gom:

- JPEG: ding cho nén anh tinh, phat trién boi sy két hop giita ITU-TS va ISO.

- MPEG-1, MPEG-2, MPEG-4, MPEG-7: do Uy ban ISO IEC/ITC1/SC29-
/WG11 phat trién cho ma hoa két hop giita video va audio.

- H.261: do Nhém nghién ctru XI phat trién va duoc biét rong rdi nhu tidu chuan
ma hoé video cho céac dich vu nghe nhin tbc d6 nx 64Kbps.

- ITU-TS H.263 cho cac tng dung dién thoai thdy hinh dudi tbc 46 dudi 64Kbps.

Mic du cac tiéu chuan dugc gi6i thiéu & trén phi hop cho ting loai tmg dung riéng biét.
Tuy nhién, ching ciing ¢6 chung cic nguyén tic co ban. Sy khac biét giita cac chuan phy
thudc chu yéu vao yéu clu dic biét cua tung ng dung. Trong do, tiéu chuin MPEG-4 dugc
xem nhu mot chuén téng quat hoa cua chuén H.263, vi vay, viéc khdo sat dya trén chuén nay
s& ¢ tinh chét ap dung chung cho ca hai chuan.
2.3.1.6 Xdc dinh hig¢u qud ciia qud trinh nén tin higu so

Hi¢u qua nén dugc xac dinh béng ti 1€ nén, nghia 1a ti ) gitra ) lugng dir li¢u ctuia anh
gbc trén s6 liéu ctia anh nén.
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Do phtic tap cua thuat toan nén, duoc xac dinh bang sd budc tinh toan trong ca hai qua
trinh ma hoa va giai ma. Thong thuong thi thuat toan nén cang phirc tap bao nhiéu thi hi€u
qua nén cang cao nhung nguoc lai gia thanh va thoi gian dé thyc hién lai ting. Ddi voi thuat
toan nén ¢ ton that thi do sai 1éch dugc xac dinh bang sb thong tin bi mat di khi ta tai tao lai
hinh anh tir dir liéu nén. Vi nén khong ton that thi ching ta ¢ thé c6 nhitng thut toan ma
hoa cang gan véi entropy ctia thong tin ngudn bdi vi lugng entropy ctia ngudn chinh 1a tbe do
nho nhit ma bat ctr mot thuat toan nén khong ton that ndo ciing ¢ thé dat dugc.

Nguoc lai, trong nén cé ton that thi méi quan hé giira ti 16 nén va dé sai léch thong tin
dugc Shannon nghién ctru va biéu diné dudi dang ham Rp) ( ham vé do sai 1éch thong tin). Ly
thuyét ctia 6ng ciing chi ra rang voi thudt toan nén cé ton that thi ching ta s& c6 hiéu qua nén
cao nhat nhung nguoc lai ta lai bi mat thong tin trong qua trinh tai tao lai no tir dir lidu nén.
Trong khi d6 nén khong ton that, mic du dat dugc hiéu qua thip, nhung ta lai khong bi mat
thong tin trong qué trinh tai tao lai nd. Vi vy ta phai tim ra mot giai phap nham trung hoa
giira hai thuat todn nén nay dé tim ra mot thuat toan nén tdi uu sao cho hiéu qua cao ma lai
khong bi mat mat thong tin.

2.3.1.7 P dw thira sé liéu

Nén s liéu 12 qua trinh giam lugng s6 liéu can thiét dé bicu dién cung mot luong thong
tin cho trudc. Can phai phan biét gitra s6 liéu va thong tin. Thuc té s6 liéu va thong tin khong
ddng nghia v6i nhau. S6 liéu (va do d6 tin hiéu) chi 1a phuong tién ding dé truyén tai thong
tin. Cing mot lugng thong tin cho trudce 6 thé biéu dién bang cac luong s liéu khac nhau. Vi
du, néu hai nguoi khac nhau ding sé tir khac nhau dé ké cing mot ciu truyén, s& co hai
version khac nhau ctia cAu truyén va mot c6 chia s6 liéu khong chi yéu; nd bao gom sd lidu
hoic tir khong cho thong tin thich hop 13n x4c dinh d4 biét. D6 1a do né da chira d du thira sd
liu.

D6 du thira s6 liéu 14 van dé trung tdm trong nén anh sb. Panh gia cho qua trinh thyc
hién gidi thuat nén 1a ti 1€ nén (Cx) dugc xac dinh nhu sau: Néu N; va N, la lugng s6 lidu
trong hai tap hop s6 liéu cing duoc dung dé bidu dién luong thong tin cho trude thi do du
thira s6 liéu twong dbi Ry cua tap sb liéu thir nhét so voi tap sé lidu thir hai co thé duge dinh
nghia nhu sau:

RD = 1- I/CN
trong do:
CN:Nl/Nz

Trong truong hgp N1 = N2 thi Cy = 1 va c6 nghia 1a so v6i tap sd lidu thi hai thi tap sd
lidu thir nhat khong chira s liéu dur thira. Khi N2 << N1 thi CN tién t6i v ciing va Rp tién t&i
mot, c6 nghia 1a d§ du thura s6 liéu tuong dbi cua tap s6 liéu thu nhat 13 kha lén hay tap )
liéu thir hai d3 dugc nén kha nho.

O day co su két hop giira ti 18 nén va chét luong hinh anh. Ti 18 nén cang cao s& lam
giam chét lugng hinh anh va ngugc lai. Chat lugng va qua trinh nén c6 thé thay déi tiy theo
dic diém cua hinh anh nguén va nodi dung anh. Panh gia chat lugng anh dugc dé nghi tinh s
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bit cho mot diém trong anh nén (Nb). N6 dugc xac dinh 13 tong sd bit & anh nén chia cho tong
s6 diém:

Nb = S bit nén/Sé diém
Trong nén anh s, ba loai du thira s6 liéu c6 thé dugc nhan dang va phan biét.
o Du thtra ma ( Coding Redundancy)

Néu cac mic cua tin hiéu video dugc ma hoéa bang cac symbol nhiéu hon can thiét
(tuyét d6i) thi két qua 13 c6 d6 du thira ma. Pé giam d6 du thira md, trong nén anh thuong sir
dung cac ma VLC nhu ma Huffman, ma RLC v.v...Lugng thong tin v& hinh anh c6 xac suét
thap hon.

. Du thtra trong pixel (Interpixel Redundancy)

Vi gia tri ctia bat ky mot pixel ndo do, cling c6 thé duoc du bao tir gia tri ctia cac 1an can
ctia nd, nén thong tin tir cac pixels riéng 13 twong d6i nho. Sy tham gia cia mot pixel riéng
vao mot anh 13 du thira. Nhiéu tén (bao gém: du thira khong gian, du thira hinh hoc, du thira
trong anh) dugc dit ra dé phan biét sy phu thudc nay cua cac pixels. Ta dung do du thira trong
pixel dé chi tit ca cac tén trén. Pé giam d6 du thira trong pixel ctia mot anh, diy pixel hai
chiéu dung cho viéc nhin va ndi suy, phai dugc bién d6i thanh mot dang c6 hiéu qua hon.
Trong cac phuong phap nén anh sé trinh bay trong chuong niy, ta ding phép bién doi cosin
r0i rac (DCT) bién ddi pixel tir mién khong gian sang mién tan s, bang cach nay s& giam
duoc d6 du thira sb liéu trong pixel & mién tan sb cao.

o Du thtra tdm sinh 1y

Béng tryc quan ta thdy, sy thu nhan cudong do sang thay ddi chi gidi trong mot pham vi
nhét dinh. Hién tuong nay xut phat tir sy that 1a mat khong dap ung véi cing do nhay cua tat
ca cac thong tin nhin thiy. Thong tin don gian c6 tim quan trong it hon thong tin khac trong
ving nhin thdy. Thong tin nay dugc goi 1a 6 dur thira tim 1y nhin. N6 ¢6 thé duoc loai bo ma
khong anh huong dang ké dén chat luong thu nhan anh. Khac véi d6 du thira ma va du thira
trong pixel, d§ du thira tdm sinh 1y c6 lién quan dén thong tin theo dinh lugng, n6 c6 quan hé
td1 viée luong tir hoa. Diéu d6 ¢6 nghia la 4nh xa mot khodng rong céc gia tri dau vao 1én mot
s6 hitu han cac gia tri dau ra. D6 1a toan tir khong dao nguoc (mét thong tin) cho két qua nén
s6 liéu ¢6 tén hao.
2.3.1.8 Sai léch binh phwong trung binh

Phuong phap danh gia chat luong anh nén thong dung nhét 1a dya trén mirc sai léch
binh phwong trung binh so v&i anh gdc - RMS (Root Mean Square) dugc tinh bai biéu thire:

RMS =~ [3(x, - X))’

ny g
trong do: RMS- sai I¢ch binh phuong trung binh

X, - gia tri diém anh goc
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X, - gia tri diém anh sau khi nén
n - tong s0 di€ém anh trong mdt anh

Thong thudng, khi gia tri RMS thap, chat luong anh nén sé tot. Tuy nhién, trong mot s6
truong hop chét lugng hinh anh nén khong nhat thiét phai ty 1¢ thuan véi gia tri RMS.

2.3.2 Phuwong phap nén anh JPEG

JPEG ( Joint Photographic Expert Group ) 1a tén ctia mot t6 chirc nghién ctru vé céc
chuan nén anh (truéc day 1a ISO) dugc thanh lap vao nim 1982. Nam 1986, JPEG chinh thirc
duoc thiét 1ap nho su két hop giita nhom ISO/IEC va ITV. Tiéu chuan nay c6 thé duoc tng
dung trong nhiéu linh vuc : luu trit anh, Fax mau, truyén anh bdo chi, anh cho y hoc, camera
SO V.v...

Tiéu chuan JPEG duoc dinh ra cho nén anh tinh don sic va mau. Tuy nhién cling duoc
sir dung cho nhiéu tmg dung v&i anh dong boi vi nd cho chat lugng anh khoi phuc kha tét va
it tinh toan hon so v&i nén MPEG. Nén JPEG c6 thé thuc hién bai bon mode ma hoa d6 la:

a) M3 tuan tu (sequential DCT-based) : anh dugc ma hoa theo kiéu quét tir trai qua
phai, tir trén xudng dudi dua trén khdi DCT.

b) Mi héa lily tién (progressive DCT-based) : anh dwoc ma hoa bang kiéu quét
phtic hop theo ché d6 phan giai khong gian cho cac ing dung trén kiéu bang hep va do dé thoi
gian truyén dan c6 dai.

c) Ma hoa khong t6n that (lossless) : anh duoc dam bao khoi phuc chinh xac cho
mdi gia tri mau ciia nguoén. Thong tin khong can thiét s& méi cit bé cho nén hiéu qua nén thap
hon so v&i phuong phép c6 ton tht.

d) Ma héa phan cap (hierarchical) : anh dugc ma hoa & ché d6 phéan giai khong gian
phtic hop, dé cho nhitng anh cé d6 phan giai thip c6 thé dugc truy xuit va hién thi ma khong
can giai nén nhu nhimng anh c¢6 d6 phan giai trong khong gian cao hon.

M3 hoa khong ton that khong sir dung cho video dong boi vi nd cung cip mét ti 1& nén
khong du cao. Ti 1¢ nén anh tinh ¢6 thé dat tir 1/10 dén 1/50 ma khong lam anh huong dén
chét lugng hién thi ctia anh. Khai trién DCT duoc chon la ky thuat then chét trong JPEG vi n6
cho anh nén chat lugng tt nhét tai tbc do bit thap va giai thuat chuyén doi nhanh va d& dang
thuc hién bang phan cing. Trén Hinh 2.4.3 14 so d6 mé hoa tiéu biéu cua JPEG.

K¥ thuat nén anh JPEG cho phép st dung hodc manh (field) hodc anh (frame) nhu mot
anh gdc. Néu k¥ thuat nén dung manh thi nén trong anh sé tao ra hai anh trong mdi anh truyén
hinh. Vi véy, khi ban vé nén, thut ngit “anh” khong ludn ludn dong nghia véi thuat ngir anh
trong linh vyc truyén hinh.

Trude khi dwa vao chuyén d6i DCT, anh gdc phai dugc xtr Iy dé nén dai tan tin hiéu
hiéu mau va chia anh thanh cac block. Viéc nén phé tin hi¢u hiéu mau lam gidm do du thura
tam sinh 1y. K§ thuat nay dya vao ddc trung hé thong thi gidc cua con nguoi (HVS: human
visual system). Mét nguoi kém nhdy véi su thay doi tin hiéu mau hon sy thay doi tin higu
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chéi. Vi vay, ta khong can thiét truyén di thong tin cua tin hiéu mau véi tan sd nhu truyén
thong tin tin hi€u choi.

Nhu d3 gidi thiéu & trén, theo khuyén cio CCIR 601-2, c6 rat nhiéu phuong phép lay
mAau thong tin tin hiéu hiéu mau. Ty 1é liy mau thong dung 1a 4:2:2 va 4:1:1. Dinh dang
4:2:2 nghia 1a ctr 4 mau tin hiéu choi thi c6 2 mau cho mdi loai tin hiéu hiéu mau. No6i cach
khac, ctr 2 mau tin hiéu chéi c6 1 mau tin hiéu hiéu mau. Pinh dang 4:1:1 nghia la ¢t 4 mau
tin hiéu choi thi ¢6 1 mau cho mdi loai tin hiéu hiéu mau. Gia st tin hiéu hiéu mau chi dugc
lay mau theo chiéu doc va mdi mau c6 8 bit, s6 bit trung binh trén mot pixel theo ty 1¢ lay
mau 4:2:2 13 8x4/2, hay 16 bit/pixel. Theo ty 18 4:1:1 1a 8x6/4, 12bit/pixel. K§ thuat ldy miu
tin hi€u hi€u mau dugc 4p dung ca hai chiéu ngang va doc. D1 nhién, diéu nay lam gidm hon
nira lugng thong tin v tin hiéu hiéu mau.

Trudce khi thuc hién bién d6i DCT, ca anh dugc chia thanh cac khéi 16n riéng biét khong
chdng nhau (MB-Marco Block). Mdi MB bao gom 4 block cac tin hiéu chéi (Y) va 2,4 hodc 8
block cac mau tin hiéu hiéu mau (Cr,Cb). S6 cac block cua tin hiéu hiéu mau phu thudc vao
tiéu chudn lay mau cua tin hiéu video: 4:2:2, 4:1:1 hay 4:2:0 v.v.

f'iilh Anh
Chuyén anh quét Chuyén khéi 8x8
thanh khéi 8 x8 vé dong quét
/'y
v
Chuyén mifc di€m Chuyén mifc di€m
anh (triy 128) anh (céng 128)
A 4 T
Bién d6i DCT Bién d6i IDCT
r 3
v
Lugng ti hoa |Hé s6 DC Giai lugng tu | Hé s6 DC
- jL .
yHé s6 AC v Hé s6 AC
Quét va dinh Mai hoa T4ai dinh Gidi véc
dang zizag udc dodn dang khéi dodn
v L A
Mi hod | Gidi ma
entropy entropv

A

Hinh 2.3.3 So d6 ma hoa va giai mi theo JPEG
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Tat ca cac block c6 cung kich thudc va mdi block 1a mot ma tran diém anh 8x8 pixel
duoc 1y tir mot anh man hinh theo chiéu tir trai sang phai, tir trén xudng dudi. Kich thudc

block 1a 8x8 dugc chon béi hai 1y do sau:

a) Thir nhit, qua viéc nghién ctru cho thdy ham tuong quan suy giam rat nhanh
khi khoang céach gitra cac pixel vuot qua 8.

b) Thi hai, 1a su tién loi cho viéc tinh toan va thiét ké phan cung. Noi chung, d6
phtic tap vé tinh toan sé& tang néu kich thudc block tang.

Vi du vé viéc chia thanh cac block cua hinh anh dbi véi hé PAL. Phan tich cuc cua tin
hi€u video véi do phan gidi 576x720 s€ dugc chia lam 72x90 block tin hiéu chéi. Va nhu vay
sé ¢d 36x45 MB.

CAu trac cia MB ciing phu thudc vao loai anh quét. Néu quét lién tuc thi cac block bao
gdém cac mau tir cac dong lién tuc (lic nay nén anh theo-frame). Nguoc lai, trong truong hop
quét xen k&, trong mot block chi c6 cac mau ciia mot nira anh (nén anh theo-manh). Toém lai,
viéc chia hinh anh thanh céc anh con (block, MB) s& thuc su c6 ¥ nghia cho budc chuyén vi
tiép theo.

2.3.2.1 Bién doi cosin roi rac DCT

Cong doan dau tién cta hau hét cac qua trinh nén 1a xac dinh thong tin du thira trong
mién khong gian ctia mot manh hoic mot anh cua tin hiéu video. Nén khong gian duoc thuc
hién bai phép bién ddi cosin roi rac DCT (Discrete Cosine Transform). DCT bién doi dir liéu
dué6i dang bién do thanh dir liéu dudi dang tan s6. Muc dich ctia qua trinh bién d6i 1a thay d6i
dir liéu biéu dién thong tin: dit liéu cia anh con tip trung vao mdt phan nho cac hé sé ham
truyén. Viéc ma hoa va truyén chi thuc hién d6i véi cac hé sé nang lugng nay, va cé thé cho
két qua tot khi tao lai tin hiéu video c6 chat lwong cao. DCT di tré thanh tiéu chuan qudc té
cho cac hé thong ma chuyén vi bdi n6 co dac tinh goi nang luong tot, cho két qua 1a s thuc
va co cac thuat toan nhanh dé thé hién ching.

Céc phép tinh DCT duoc thuc hién trong pham vi cac khdi 8x8 méu tin hiéu chéi Y va
cac khéi tuong Ung cua tin hiéu hi€u mau. Vi¢c chia hinh anh thanh cac block da dugc thuc
hién & khdi tién xtr Iy. Hiéu qué ctia viéc chia nay rat dé thiy. Néu ta tinh toan DCT trén toan
bo frame thi ta xem nhu toan bo frame c6 d6 du thira nhu nhau. Ddi véi mét hinh anh thong
thuong, mot vai ving c6 mot so lugng 16n cac chi tiét va cac ving khac co it chi tiét . Nho
dac tinh thay ddi cia cac anh khac nhau va cac phén khac nhau cua cung mét anh, ta cé thé
cai thién mdt cach dang ké viéc ma hoa néu biét tan dung no.

a)  DCT mdt chiéu

DCT mét chiéu bién ddi bién d6 tin hiéu tai cac diém rdi rac theo thoi gian hodc khong
gian thanh chudi cac hé sd roi rac, mdi hé s6 biéu dién bién do ctia mot thanh phan tan sé nhét
dinh c6 trong tin hiéu gc. Hé sb dau tién biéu dién mac DC trung binh cta tin hiéu. T trai
sang phai, cac hé sd thé hién cac thanh phan tin s khong gian cao hon cua tin hiéu va duoc
goi 14 cac hé s& AC. Thong thuong, nhiéu hé sb AC c6 gia trj s& gan hodc bang 0.
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Qua trinh bién d6i DCT thuan (FDCT) dung trong tiéu chuan JPEG duoc dinh nghia
nhu sau:

2 AR m+ Dkr
X(k)=,—Cl(k x(m)cos——— 2.3.1
()= Ze() Sxomeos 2] 2
Ham bién d6i DCT nguoc (mdt chiéu):
N-1
(2m+ Dkr
x(m)=,—>) X(k)C(k)cos—————— 2.3.2
(m) \EZ (k)C(k) v (23.2)
trong do: X(k) 1a chudi két qua.

x(m) 14 gia tri cia mau m.
k-chi sb cua hé sb khai trién.
m-chi s6 ctia mau.

N- s6 méu c6 trong tin hidu

C(k):{uﬁ k=0

1 k+#0
b) DCT hai chiéu

Dé tach twong quan ndi dung anh cao hon, mi héa DCT hai chiéu (2-D) dugc dung cho
céc khoi 8x8 gia tri cac diém choi. Qua trinh bién d6i DCT tién FDCT (forward DCT) ding

trong tiéu chuan JPEG dugc dinh nghia nhu sau:
77 :
F(uy) C(u)C(v) ZZf(Jak) . 8 2j+Dur dos k+1)yvrx (2.33)
e 16 16
trong do:

f(j,k)- cac mau gdc trong khéi 8x8 pixel.
F(u,v)-cac hé sb cua khdi DCT 8x8.

C(u)’c(v):{l/\/z u,v=0

1 u,v+#0

Phuong trinh trén 1a mdt lién két cua hai phuong trinh DCT mot chiéu, mét cho tan sb
ngang va mot cho tan s§ démg. Gié trj trung binh ctia block 8x8 chinh 1a hé s6 thir nhat (khi
u,v=0)

ZZf(/ k) 23.4)

Phuong trinh ndy cong tit ca cac gia tri pixel trong khbi 8x8 va chia két qua cho 8. Két
qua phép tinh bang 8 lan gia tri pixel trung binh trong khéi. Do d6 hé s thir nhat duoc goi 1a
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hé s6 DC. Cac hé s6 khac, dudi gia tri thanh phan mot chiéu, biéu dién cac tan sé cao hon
theo chiéu doc. Cac hé s6 & vé phia bén phai ctia thanh phan mot chiéu biéu thi cac tin s6 cao
hon theo chiéu ngang. Hé s trén cung & can phai (0,7) s& dic trung cho tin hiéu ¢o tan s6 cao
nhat theo phuong nam ngang clia ma tran 8x8, va hé sé hang cudi bén trai (7,0) s& dic trung
cho tin hiéu ¢ tan s cao nhit theo phuong thang dimg. Con cac hé sé khac tmg véi nhimng
phéi hop khac nhau cua céc tin sb theo chiéu doc va chiéu ngang.

Phép bién d6i DCT hai chiéu 1a bién d6i ddi xtimg va bién d6i nghich co thé tao lai cac
gia tri mau f(j,k) trén co s& cac hé $6 F(u,v) theo cong thure sau:

k)= ii% F(u,v)cos 2/ ;_61)WZ cos (2K ;_61)‘}” (2.3.5)

Nhu vy, bién d6i DCT gidng nhu bién d6i Fourier va cac hé s F(u,v) ciing giéng nhau
vé ¥ nghia. N6 biéu dién phd tan tin hiéu duoc bidu dién bang cdc mau f(j.k). Ban than phép
bién d6i DCT khong nén dugc s6 liéu, tir 64 mau ta nhan dugc 64 hé s. Tuy nhién, phép bién
d6i DCT thay d6i phan b gia tri cac hé s so v6i phan bo cac gid tri mau.

Do ban chat cta tin hiéu video, phép bién d6i DCT cho ta gia tri DC tirc F(0,0) thuong
16n nhat va cac hé sb truc tiép ké nd ung véi tan sé thap co gia tri nho hon, cac hé sé con lai
g véi tan s6 cao co gia tri rat nho.

Hinh v& 2.3.4 1a mot vi du minh hoa qué trinh DCT hai chiéu cia mot khdi 8x8
diém anh (choi) dugc trich ra tr mgt anh thuc. Néu dung qua trinh DCT cho céc tin hi¢u $6
thanh phén Y, Cg,Cg thi cac tin hiéu Cp,Cr c06 bién d) cuc dai 128 ( gia tri nhi phan trong hé
théng ldy mau 8 bit), con tin hiéu Y ¢6 mot khoang cuc dai tir 0 dén 255 gia tri nhi phan. Dé
don gian viéc thiét ké bd ma hoa DCT, tin hiéu Y duoc dich mirc xudng dudi bang cach trir
128 tir ting gié tri pixel trong khdi dé c6 khoang cuc dai cua tin hiéu gidng nhu déi voi cac
tin hiéu Cg va Cg. O phan giai ma DCT, gia tri ndy (128) duoc cong vao céc gia tri pixel choi.
Gia tri hé s6 DC cta khdi DCT c6 mot khoang tir —1024 dén 1016.
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Tan s6 dong
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Hinh 2.3.4 M3 héa khoi 8x8 bang DCT 2 chiéu

Gia tri hé s khoi 8x8 DCT

Déi véi hé sb AC ( voi u,v=1,2,....,7), C(u) va C(v)=1 va cac gi trji cuc dai ctia n6 nam
trong khoang £1020 theo phuong trinh FDCT. Khéi 8x8 céc gia tri ctia hé s6 DCT dua ra 1

gia tri DC 16n (vi du =591), biéu dién do sang trung binh cua khdi 8x8 va céc gia tri rat nho

cua cac thanh phan tan so cao theo chiéu ngang va chiéu dung.

126

CuuDuongThanCong.com

https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

Nguyén tic chung 1a néu c6 su thay doi nhiéu gia tri pixel-dén-pixel theo 1 chiéu cua
khéi pixel (ngang, dimg, chéo) sé& tao ra cac gia tri hé s cao theo cac chiéu twong ung cua
khéi hé s6 DCT.

Khi nén anh theo JPEG, ma tran cac hé s khai trién sau DCT phai dugc nhan v6i bang
trong s6 Q(u,v) dé loai bd mot phan cac hé sd c6 bién d6 nho (thudng 13 cac tahnh phan cao
tan). Trén Hinh 2.3.5 md ta qu4 trinh bién d6i DCT tir anh gdc (a) va ma tran hé s6 DCT trude
(b) va sau (d) khi nhan véi Q(u,v) (c).

7582|6830 18|28 |-34| 14|18 3
74|81 |67 |49 ololofojo|o]|oO
7279|6547 1{o|o|lo|lo|lo]|0O]|O
93 (87|90 (75|70 |77 |63 |45 3lolo|o|o|l0o|l0O]oO
91|85|88|73|68|75|61|43 B.lgndéiD;T 1lojojojo|o|o|oO
89(83(86|71|66|73|59 |41 olojojojojo|0O]oO
87|81 |84|69|64|71|57|39 1|lojojo|o|o|o0|oO
85|79 (82|67|62|69|55 |37 olojojo|o|o|0O|oO

a) b

o v ) o v ) !
v||40fl10{2]2|-1|0|0]|0O v||16]11]10]16|24|40|51]|61
-y|3(0o|lo|lolo]jo|O]|oO 7w |12[12(14]19(26]58 |60 |55
ololoflojo|o|O]|O 1413|1624 (40| 57|69 |56
ololoflojo|o|0O]|oO 14|17|22|29|51|87|80|62
ololo|o]olo]o|o]| * 1822|3756 68|109/103| 77
ojlolo|ojo|O0|lO]|O 2435|5564 |81(104{113| 92
olo|lofojo|o|O]|oO 49 |64 | 78 | 87 |103|121|120(101
ololoflojo|o|O]|oO 7292 |95 | 98 [112]100|103| 99

d) )

Hinh 2.3.5 Khai trién DCT va bang trong s6 Q(u,v).

Vi du duoc trinh bay trong hinh v& 2.3.6, qua trinh bién d6i DCT mét khéi pixel c6 cac
gi4 tri pixels den ( gi4 tri=0) va tring (gia tri=255) xen k&. Sau khi giam voéi —128 thu duoc
cac gia tri pixels trong dai dong +127 va —128. Pay la khoi anh c6 sy bién d6i 16n nhét vé gia
tri bién do cac diém anh va cac hé s6 DCT két qua xac dinh nhan xét nady. Méc du co nhiéu hé
sO tan s bang 0, gia tri ciia cac hé s6 c¢6 tan s cao dong vai trd quan trong trong viéc tai tao
lai hinh anh khi bién d6i DCT nguoc.
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a) Khoi 8x8 cac diém choi £(j.k) b) Khéi cac hé s6 DCT twdng wng F(u.v)

0 u 7

-128 127(-12§ 127|-128 v 0 0 0 0 0 0
127 |-128( 127(-128 127 7 0 03910 |58]| 0 |leo
-128127 [-128 127}-128 0 0 0 0 0 0 0 0
-128| 127128( 127)-128] 127128 127 0 |39 0|40 0 |69 ] 0 |196

27l-128| 127} 128127 |-128 127]-128] . .. i’
12712128 127 (128(127 [-12§ 127 lSBlé‘llﬁﬁlDCT 0 0 0 0 0 0 0 0
-128127 |-128 127)-128 127128127 O |38 | 0|62 | 0 [103] O |294
127-128( 127|-128 127 |-128] 127(-128 0 0 0 0 0 0 0 0
-128127 128( 127)-128 127]-128| 127 0 (lec| O 196 O |294| O |&837

0 u 7
v ofofOo|O]JO|O|O]|O 16 |24 | 40 | 51 | 6l
7 o(3j(0|2|0]|1]0]|3 19 | 26 | 58 | 60 | 55
0|00 0] 0 o]0} o0 24 140 | 57|69 | 36
o|j2)j]0|2|0|1]0]3 14|17 (2229|5187 |80]62
olo|o|o|o|o|o|oO]| 18 | 22| 37| 56 | 68 [109|103| 77
o(1jo|1|O]|]1]0O|?3 24 | 35| 55|64 | 81 [104(113] 92
o|o0o|O0O|OD|O]0O]|D]|O 49 | 64 | 78 | 87 |103|121|120|101
of(3(o|3]0|3|0]| 8 72092 |95(938 [112|100|103| 99
d) Cac hé 56 DCT lugng tif héa c) Bang trong 56 Q(u.v)

vi chuan héa Fg(u,v)

Hinh 2.3.6 Khai trién DCT cho khdi anh c6 do choi dang ban co.

Tom lai, DCT lam giam d6 tuong quan khong gian cua thong tin trong block. Didu d6
cho phép biu dién thich hop ¢ mién DCT do cac hé s DCT c6 xu huéng cd phan du thira it
hon. Diéu nay c6 nghia 1a DCT goéi mot phan 16n niang lugng tin hiéu vao cac thanh phan bién
ddi ¢6 tan sb tuong ddi thép dé luu trit hoac truyén dan, tao 0 va cac gi tri rat thép ddi vai
thanh phan tan s6 cao. Nho dac tinh ctia hé théng nhin ctia mat nguoi, cac hé sé DCT ¢6 thé
dugc mi hoéa phu hop, chi cac hé s6 DCT quan trong nhit méi duge mi hoa va truyén di.
DCT thuan két hop v6i DCT nghich s& khong cho ton that néu do dai tir ma cta hé s6 1a 13
dén 14 bits cho tin hiéu video diu vao duoc sb hoa br:fmg cic mau dai 8 bit. Néu hé sd duoc
luong tir hoa bang 11 bit (hodc ngin hon), thi nén bang DCT s& c6 ton hao.

2.3.2.2 Lwong tir hoa

Budc tiép theo ciia qué trinh nén trong anh 1a lwong tir héa cac hé sé F(u,v) sao cho lam
giam dugc sb lugng bit can thiét. Cac hé sd twong tmg vai tan sd thap ¢ cac gi tri 1on hon,
va nhu vy n6 chira phén nang luong chinh cua tin hi€u, do dé phai lugng tir héa véi do chinh
xac cao. Riéng hé sb mot chiéu doi hoi d chinh xac cao nhat, boi 18 n6 biéu thi gia tri do choi
trung binh cta timg khdi phan tir anh.
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Bat ky mot sai sot nao trong qua trinh luong tir hé s6 mot chiéu déu c6 kha nang nhan
biét d& dang bai nd 1am thay d6i mirc d6 chéi trung binh cta khéi. Nguoc lai, véi cac hé sd
tuong ng voi tan sb cao va 6 cac gia tri nho, thi cé thé biéu dién lai bang tap gia tri nhé hon
han cac gia tri cho phép.

Chtic ning co ban cua bd luong tir hoa 1a chia cac hé s6 F(u,v) cho cac hé sd ¢ vi tri
tuong Gng trong bang lugng tir Q(u,v) dé biéu dién sb 1an nho hon céc gia tri cho phép cua hé
s6 DCT. Cac hé s c6 tan s6 thap duoc chia cho cac gia tri nhd, cac hé sb Gmg vdi tan sb cao
dugc chia cho cac gia tri 16n hon. Sau d0, cac hé sé duoc 1am tron (bé di cac phan thap phan).

Két qua ta nhan duoc bang Fq(u,v) mdi, trong d6 phan 16n cac hé sé co tan sd cao s&
bang 0. Hé s6 lugng tir hoa thuan dugc xac dinh theo biéu thic:

F(u,v)+ Q(Z’ V)
O(u,v)

F(u,v)
O(u,v)

}Zsé nguyén té gan nhat (2.3.6)

Fq(u,v)= {

Céc gia tri Fq(u,v) s& duoc ma hoa trong cac cong doan tiép theo.

Can phai xac dinh 1a trong qua trinh luong tir hoa c¢é trong s6 c6 xay ra mat thong tin,
gdy ton hao. Pay 1a budc ton hao duy nhat trong thuat toan nén. Mirc d6 ton hao phu thudc
vao gia tri cac hé sb trén bang lwong tir. Sau khi nhan cc hé sé lugng tir hoa Fq(u,v) véi
Q(u,v) va bién d6i ngugc DCT sé& khong nhan duoc block so cip cic miu f(j,k). Tuy nhién,
trong truong hop anh ty nhién va lya chon céc gia tri Q(u,v) thich hop, su khac nhau s& nho
dén mic ma mét nguoi khong phan biét duoc gitra anh gdc va anh biéu dién.

Céc thanh phan DC va tan s thap 1a cac thong s6 nhay cam nhét ciia khoi pixel gbe. Hé
s6 DC s& dugc luong tir v6i do chinh x4c 12 bit nhdm tranh cic nhiéu xut hién giita cac khoi
diém anh. Nguoc lai, cac hé s6 tan sb cao ¢6 thé lugng tir hoa thd voi do chinh xac 2 bit-do
kha ning cam nhan ctia mat ngudi giam & tan s6 cao. Theo d6, hé sd chia trong bang lugng tir
hoa 1a nho di vai cac hé s6 co tan s6 thap va tang tir tir ddi voi cac hé sd ¢o tan s6 cao hon.

Trong hinh v& dudi day, gia tri khdi xac dinh cho phép cac gi tri tin hiéu choéi va tin
hiéu mau duoc lugng tir khac nhau. Nhidu luong tir dbi v6i tin hidu mau khé nhin thdy hon
d6i véi tin hiéu choi, cho nén ¢6 thé thuc hién lugng tir hoa tho tin hiéu mau.

Nhu vay, khdi DCT dong vai trd quan trong trong qua trinh lugng tir hoa khi thiét ké hé
théng nén video vi n6 anh huong tryc tiép dén viéc cho lai chat luong anh khoi phuc tdt hay

xau.
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0 u 7

v 1611 10|16 |24 |40 (51 |61 v 17 |18 | 24 |47 |99 (99|99 |99

2y [12]12]14 1926|5860 | 55 7Y 1821|2666 [99 99 [99]99
14 (13 |16 |24 |40 |57 |69 | 56 124 (2656 (9999 |99 99 |99
1417 12229 |51| 87|80 |62 4716619919999 99 |99 |99
18 (22 |37 |56 |68 |109(103| 77 9919919999 (99 99|99 |99
24 (35 55|64 |81 |104|113|92 9919919999 (99 |99 |99 |99
149 [64 | 78 | 87 [103[121]120]101 199991999999 99 |99 |99
72192 95|98 (112(100(103| 99 99 (9999|9999 99|99 |99
Bang trong sfi (theo chudn Bang trong 55“3 (theo chudn
JPEG cho méu tin hi¢u chéi) JPEG cho méu tin hiéu mau)

Hinh 2.3.7 Céc bang lugng tir cho tin hiéu choéi va mau theo chuan JPEG

Viéc bién ddi sao cho chét luong hinh anh do mét nguoi cam nhan t6t, phu thudc vao
cac thanh phan tan sé va sy bién doi chi tiét anh timg ving trong mién khong gian. Cac anh
cang chi tiét thi hé s thanh phan tan s cao cang 16n.
2.3.2.3 Quét zig-zag

Pé mi hoa entropy cac hé s6 duogc luong tir héa Fq(u,v), trude hét, can bién doi mang
hai chiéu ctia cdc hé s6 Fq(u,v) thanh chudi s6 mot chiéu bang cach quét zig-zag.

Viéc xtr Iy 64 hé sb ciia khdi 8x8 pixel bang cach quét zig-zag lam ting toi da chudi cac
gia tri 0 va do vay lam tang hi¢u qua nén khi dung RLC.

¥

DC

Hinh 2.3.8 Quét zig-zag cac hé s lugng tir hoa DCT
2.3.2.4 Ma hoa do dai chay (RLC)

Céc gia tri luong tir hoa ¢ thé chi biéu dién nho cac tir ma c6 do dai ¢d dinh hay dong
déu, tirc 13 cac gia tri lwong tir hoa bidu dién bang cung mot sd bit. Tuy nhién hiéu qua cua
viéc mi hoa khong cao. Dé cai tién hidu qua nguoi ta ding mi hoa entropy. Ma hoa entropy
dung nhitng dac tinh théng ké cua tin hi€u dugc ma hoa. Mot tin hi¢u, ¢ day 1a gia tri pixel
hodc cac hé sb chuyén vi, c6 chira mdt lugng thong tin (entropy) tuy theo nhitng xac suit cta
nhitng gia tri hay su kién khac nhau xuét hién. Vi du nhitng tr ma nao it xay ra hon s€ co
nhiéu thong tin hon tir ma hay xay ra.

Khi ding ma hoa entropy c6 hai van d& dat ra: thtr nhat, ma hoa entropy lam ting do
phirc tap va yéu cau bd nhd 16n hon so véi ma do dai ¢b dinh. Thir hai, ma héa entropy gin
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lién voi tinh khong 6n dinh cua tin hiéu video s& lam téc do bit thay doi theo thoi gian. Do do,
can mot co cau diéu khién bo dém khi ma hoa ngudn téc do bit bién d6i dugc ghép véi kénh
téc do bit hang.

Bo6 mi héa entropy lam giam d6 du thira thong ké trong cac phan tor dwoc ma hoa dé
truyén. Su du thira chinh 13 phan b6 xac suat khong dong déu trén gia tri cia mdi phan ti.
Phan bé xac sudt cang léch khoi phan bé déu thi hiéu suat ma hoa entropy cang ting. Ma
Huffman 1a mét trong nhitng so d6 mi dugc s dung phd bién. Ngoai ra, trong ma hoa
entropy con stir dung ma RLC sé& cho hiéu suat nén rat cao.

K§ thuat RLC duoc dung dé ma hoa ¢ hiéu qua cac hé s6 DCT da luong tir hoa hon 1a
dung truc tiép cho s6 liéu anh. Sau qua trinh quét zig-zag & trén, RLC s& duoc thuc thi. Mot
hé s6 khac 0 sau gia tri DC dugc mé hoa bing 1 tir mi bao gom 2 thong sé: sé luong 0 chay
trude 1 hé so riéng khac 0 va muc cta né sau khi lugng tir hda. RLC thue chat 13 viéc thay thé
cac hé sb co gia tri 0 bang sd lugng cac chir s6 0 xuét hién.

Hinh v& 2.3.9 1a mot vi du vé ma hoa entropy. Trong vi du ndy, chudi mot chiéu cac hé
s6 DCT sau khi quét zig-zag voi cac gia tri gidng nhau dugc gom lai v6i nhau bang ma RLC.
Luc nay, chudi mot chiéu co cac doan chudi dai c6 cung gia tri 14 cac symbol c6 dang:< chiéu
dai chudi 0, gia tri>.

O day, gia tri 10 khong c6 gia tri 0 nao trude d6 duoc biéu dién bang <0,10>; gia tri —2
¢6 hai gia tri 0 dung trude dugc bidu dién bang <2,-2>v.v... Riéng mot ddu dic biét 1a End of
Block (EOB) dugc dung dé cho biét tat ca cac hé s tiép theo trong khdi bang 0. Trong vi du
ndy, ta c6 mot chudi 49 tir ma véi gia tri 0. Nhu vay chi xét riéng 49 tir ma gia tri 0 dugc nén
xubng chi con 3 tir ma. Piéu nay ching t6 hiéu suit nén rat cao ciia ma héa RLC. Nén bang
méd RLC 1a qua trinh nén khong ton hao.
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DC ACO,1 ACO7

4l0 lt 2(2]1]0]o0 [l; 40 25 1110 11001
3lolojo|o|o|o]|oO 10 0,10 1011 1010
olojolo|lo|o|o|oO quét 3 03 0110
ololo|lo|o|o|o]o]| Z&%e |o]|RLC |2.-2| VLC |11111000 01
olo|lo|o|lo|lo|o]|oO "o 0.2 " o101
olofofloflo|o|ofoO 2 7,-1 11111001 0
olo|lo|o|lo|o|lo]|oO 2 EOB 10 10
olo|lo|o|lo|o|o]|oO 0
1 r 0
ACT0 AC 7.7 0
0
0
*Gia tri DC trong khoi DCT tnrdc bang 0
15. Vivay gia tr1 DC khi ma hoa RLC 0
con la 40-15=25
1
0
0
0

1110 11001 1011 1010 O1 11 11111000 01 O1 O1 11111001 O 1010

Hinh 2.3.9 Qua trinh ma hoa RLC

2.3.2.5 Md héa dp dai thay doi VLC

Céc tir ma RLC tiép tuc dugc ma hoa bang cach dit cac tir ma ngan cho cac mirc ¢ xac
sudt xuidt hién cao va cdc tr mid dai cho cic mirc cO xac sudt xuit hién thép.

Béng 2.3.1 minh hoa cac phan nhom cac hé sb AC.

Bang 2.3.2 1a mot vi du vé bang ma Huffman tuong Gmg cho cac nhom. Tir ma ngan bao
hiéu két thiic khdi (EOB) cho biét tat ca cac hé s6 con lai trong khdi mang gié tri 0. Trong vi
du khdi hé s6 DCT, hé s6 DCT (40) duoc ma héa DPCM béng cach dung gia tri DC (25) cta
khéi DCT trude. Ma héa DPCM mo rong thang bidu dién tin hiéu Y tir ( -1024 dén 1016) dén
(-2048 dén 2032).
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Bang 2.3.1 Pham vi gia tri cac hé sb trong cac nhom (category).

Loai Pham vi hé s&
NA 0
1 -1 1
2 &) 2,3
3 -1,-6,-5,-4 4,5,6,7
4 -15.,...... -8 8annn 15
5 S0 1] M— -16 lo.........31
6 -03.......-32 32..........63
7 07— -64 S
8 =255 .-128 128,00, 255
9 SS11.. ..-256 256..nn. Sl1
10 -1023,.........-512 512,00, 1023
11 2047, -1024 1024.......... 2047

Bang 2.3.2 Vi du bang Huffman cho hé s6 AC

T ma
00
01
100
1011
11010
111000
1111000

0 chay loai
0 1

Po6 dai ma

oo O O o O
R = W N WS B U6
R I = R R E VR S e

1100
111001
1111001
111110110

— = = =
= L) P =
[F= TR o N S

11011
11111000

[S I ]
_
LN

111010
111110111

i
Fd =
o oo

111011
1111010
1111011
11111001
11111010
111111000
111111001
111111010

e i e

EOB 4 1010

Gia tri chénh léch hé s6 DC duge ma héa VLC nhd mot bang tim kiém (lookup table).
PAu ra ctia nd 12 mot sb nhi phan Huffman dya trén gia tri chénh 1éch cac hé s6 DC nay. Cac
h¢ s6 AC biéu dién boi cac tir md RLC dwoc ma héa Huffman bang cac bang tim kiém. Dau
ra két hop véi gié tri chay (sé luong s6 0 trude hé sb AC) dé tao mot sb nhi phan Huffman
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biéu dién gia tri hé s6 AC tuong ung. Trong ca hai truong hop ma hoa gia tri sai 1éch hé sb
DC va d6 16n cac hé s AC déu sir dung tir ma nhi phan ngan nhat dé biéu dién chung.

Tai dau ra VLC, tat ca cac tir ma cia cing mot khdi DCT duogc két hop tao thanh mot
dong tin hiéu ra. Trong vi du trén, sé liéu twong tng v6i khéi DCT ban dau (8x8x8 bit =512
bit) dugc giam thanh 48 bits sau khi ma héa VLC. Hé s6 nén trong truong hop nay bang
512/48=10,6. Hé s6 nén cling thuong duogc tinh bang sb bit bidu dién diém anh. Trong vi du
trén, 48 bit biéu dién cho 64 diém anh, theo d6 thu duoc hé sé nén twong tng 1a 48/64=0,75
(bit/diém anh). Ma héa VLC tu n6 1a mot k§ thuat ma hoa khong ton that, nd cho phép giam
thém toc d6 dong bit (da dugc giai twong quan, lam tron, va giam qua qua trinh luong tir hoa
DCT). Qua trinh ma héa VLC cho hé sé DC va cac hé s6 AC duoc mo ta trong so do khoi
Hinh 2.3.10.

a) Ma héa VLC cédc hé s6 DC

A=DC1-DCo=25 Loai=>5
Hé 56 DC=40 Mi héa il Bang phin l Bang
(tit bo lwvgng —®| DPCM * loai *| Huffman DC
tir hoa DCT)
' Tir ma DC
Khéi DCT trwde co v
hé 56 DC=15 | 1110 ‘ 11001 |
X
Mai hoa
bién dé nhi Bien dd
phan

b) MA héa VLC cic hé s6 AC

Chay mifc=(0,10)

Mire= 10 Loai=4
Cdc hé 56 AC Mai hoa l Bing phin l Bang
(10,3.0,...) tir bo — | viC *|  loai > Huffman
Iwrdng t hoa ~ AC
Chay =0
Tirma AC
A 4
| 1110 | 11001 |
Mai hoa
» Dien d6 nhi Bién dé
| phan '
Mige= 10

Hinh 2.3.10 So d6 khéi hé thong ma VLC cho hé s6 DC (a) va AC (b)

2.3.2.6 Bo nho dém

Sau khi mi héa entropy, ta nhan dugc chudi bit c6 tbe do thay doi, phu thudc vao do
phtic tap ctia anh. Néu phai truyén qua kénh c6 téc do cb dinh thi ta can phai c6 bd nhé dém.
Co ché diéu khién bo nhé 1a dam bao bo nhé khong tréng (underflow) hodc khong tran
(overflow) bang co cdu hoi tiép. B6 ma hoa kiém tra trang thai day ctua bd nhé dém. Khi sb
li¢u trong by nhd dém gén bé‘mg dung luong cuc dai, thi cac hé s6 bién d6i DCT dugc luong
tir hoa it chinh xac hon (ting ti s nén). Trong truong hop nguoc lai, cb nghia 1a bd nhé dém
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chtra so li€u qua it, thi do chinh xac cua viéc lugng tir héa cac hé so s€ tang 1én. Qua trinh
nay dugc thuc hién mot cach ty dong.

2.3.2.7 Qua trinh gidi nén
Qua trinh gidi nén trong anh dya trén co sé thuc hién thudt toan ngugc vdoi qua trinh
nén.

Hinh v& 2.3.11 minh hoa so d6 khdi ctia qua trinh giai nén DCT. Cac bang Huffman va
lugng tir hoa gidng nhu cac bang cua bd ma hoa DCT duoc dung dé tao lai cac gia tri hé sd
DCT cua mot khéi 8x8 pixel. Qua trinh lugng tr hoa nguge R(u,v) duoc tién hanh theo biéu
thirc :

R(u,v)=Fq(u,v)Q(u,v) (2.3.7)
Bang ma Bang
Huffman lugng ti
v v _ Y
VLC RLC -1 Lwong tit —»{ IDCT Tach khoi va —"‘C
' ™ ™ (Zig-zag) [ *| hoa > cu triic khéi > -B
—»CRr
F 3
Giai ma
DPCM h¢
s0 DC

Hinh 2.3.11 So d6 khoi hé thong giai ma JPEG

Qua trinh bién d6i DCT nguoc (IDCT) tao lai khéi gia tri cac diém ban dau theo biéu
thire:

. L S C(u)C 2j+1 2k+1
S (j>k)=zzwbﬂ(u,v)cos( ];_6)uﬂcos( ;_6)‘}7[ (2.3.8)
u=0 v=0

Qua trinh tinh toan IDCT ciing twong ty nhu qua trinh tinh todan FDCT. Anh duoc khéi
phuc f"(j,k) (ma tran trén Hinh 2.3.12d) khéc véi anh gdc (trén Hinh 2.3.5a). Sai sb giita
céc gia tri khoi phuc va gia tri gdc duge tinh nhu sau:

e(J,k)=1(G,k)-*(,k) (2.3.9)

DPé danh gia chét lugng anh khoi phuc, ta sir dung cac dai lugng do 1a gia tri sai $6 trung
binh binh phuong (RMSE) va hé sé bién d¢ dinh tin hiéu trén nhiéu (PSNR: peak signal-to-
noise ration):

RMSE:\/étiie(j’k)e(i’k) (2.3.10)

k=0 j=0
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PSNR=20 Ig| —2>> (2.3.11)
RMSE

Gia tri sai s6 tuyét d6i ctia anh giai nén va anh gdc cho hai hinh anh c6 d6 chi tiét khac
nhau duoc biéu dién trén Hinh 2.3.13a va 3.3.13b. Nhu vy c6 thé thay rang anh c6 phan bd
d6 chéi dang ban co "khé nén" hon do céc thanh phan DCT tan s cao ¢ bién do 16n.

0 u 7 0 u z

vl T3oltol2T2 -ilo ol o o | [t6]11]10]16]24]40]51]61

7 slolololo|lolo]oO ?1212141926586055
olololololololo 14[13|16|24|40|57| 69|56
olo{olo|o|o]o0]|oO ~[14[17]22]29|51|87|80]62
‘olo|o]o]o]o]o]o Bié’nd-:“iir [18]22]37] 56| 68 [100]103] 77
olo|o|lo|o|lo|o]|oO IDCT 243555 |64 |81 |104]113|92
ojojo|ofo|o]0]o0 49 |64 (78|87 [103[121|120[101
0jo0j0joOj0]0O|0O]O 72192 (95|98 (|112(100{103| 99
a) Cdc hé 56;DCT lrgng o héa b) Bing trong 56 Q(u,v)

va chuan héa Fg(u,v)

0 g 0 u_ 7 l

k EQ? 90(81|80(79|67|30 v 5110-20 224l 0l0]| 0

?l9?96898079?86649 sv|36/0]olojolo]o]o
95|94 |87(78(77|77|64 |47 ololo|lo|o|o|o]|oO
93|92 |85(75|75( 74|62 |45 ojlo|lo|lo|o|o0|0O|O
00|89 82 [74[72[ 72|50 (43| | 0/0]0)0]0)0]0)0
83|87(80|71|70[69|57|40 0/0]0j0]0j0O]O]O
86|85|78|70]68|68 55|30 0,0/0/0/0j0j0]0
'85]79]77|69|67|67|54 ]38 O KON KON RO BTN 0N TR 0.

¢) Khé1 cdc hé s6 DCT nrong 1tng sau

d) Khéi 8x8 cdc diém chéi £*(j.k) khi gidi luong ti

Hinh 2.3.12 Khéi phuc cac diém anh trong khdi 8x8

O(-5]15]-1(-5|13]1]60 51215 -11110,-6 |1 |4
O(-5({5]-1|-5]{3]1]0 71-6[13|-14| 5 |-8|-3
O-5]15]-1|-5]12]1/]60 -14/ 0 |-9| 8 | -1 |13 -1
O(-515]-1|-5|3]1]60 1{-910|-11| 8 |-2 |4
1(416|-1(-4]|3]28]0 -41-218|-11]10/ 9|1 |3
1416044 1 -1/13|-118|-9|0 |-14

1|46 |-1|-4]3 0 -3|-8|5 |-14|13|-6 |7 |2
01052512 ]|1/(-1 411 |-6|10-11] 5 |-2|-5

Hinh 2.3.13 Sai sb cua cac diém anh dugc khoi phuc so v&i gid tri ban dau

a) anh (2.3.5a) c6 mirc d6 chi tiét thip b) anh hinh ban cd
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2.3.2.8 Ma héa va giii ma JPEG tuin tw
Thuat todn nén va gidi nén theo tirng block 8x8 theo JPEG dugc phan tich & trén dugc
goi 1a phuong phap nén tudn ty. So do khéi thuat toan ma hoa va giai ma tiéu chuan JPEG

tuan tu mo ta trén Hinh 2.3.14.

DCT Llf(jl}g tuw M3 héa SO liéu
héa Entropy anh nén
A A
Block 8x8
a) Bang Bang ma
lugng t&r héa
So6 liéu Giai ma Giai 9 IDCT
anh nén Entropy lugng tu
A
Block 8x8
b) + *
Bdng ma Bdng
hoa lugng tr

Hinh 2.3.14 So db khoi ma héa (a) va gidi ma (b) JPEG

Pé mi hoa JPEG, cac mau pixels dau vao dugc nhom thanh 8x8 blocks. Mdi block
duoc bién d6i FDCT thanh mot tAp 64 gia tri, goi 12 cac hé sé DCT. Sau do, 64 hé sd nay
dugc luong tir hoa. Piéu ndy co nghia 1a cac hé s6 khong con chinh xac va mot s6 hé s sé
bang 0. Cac hé sé dugc quét zig-zag trude khi ma hoa entropy. Hiéu qua ctia quét zig-zag 1a
bién d6i ma tran 2 chiéu thanh ma tran 1 chiéu. Hé s6 dau tién trong chudi zig-zag 1a hé sd
DC. Tt ca cac hé s6 con lai 1a hé s6 AC. DP6i v6i hé s6 DC, sai 1éch gitra gid tri hién tai va gia
tri DC trudc d6 dugc ma héa. Ma hoa entropy sir dung ma héa Huffman.

Qua trinh giai md nguoc lai v6i qua trinh ma hoa. Céc tién trinh giéng nhau nhung
ngugc tht ty. Bang tham s6 str dung cho qua trinh ma héa dugc mang di cung véi ludng dit
liéu sau khi nén va dugc st dung cho giai ma. Cac hé sé DCT dugc nhan véi cac hé sb giai
luong tir va chuyén dén khdi bién d6i DCT nguge. Pau ra cta qua trinh 1a 8x8 block cua
pixels. Di nhién, kh6i 8x8 block pixels nay khong giéng hoan toan khdi pixels ban dau boi vi
d3 c6 mat mat thong tin trong qué trinh ma hoa. Do dé qua trinh nay duoc coi 12 nén c6 ton
that.

Trén quan diém coi hinh anh dong 1a mot chudi lién tiép cac hinh anh tinh. Khi o, tiéu
chuan JPEG duoc ap dung cho viéc nén anh dong va né cé tén goi M — JPEG.

137

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com
https://fb.com/tailieudientucntt

2.3.2.9 Nén JPEG liiy tién

Trong mot sd tng dung, mot anh c6 thé ¢ sb luong diém anh 16n va viéc giai mi, bao
gdm truyén anh nén qua mang, c6 thé mat nhidu phut. Trong nhimg tng dung nhu vy, can
thiét c6 tién trinh tao anh thd nhanh chong va sau dé cai thién chat luong ctia né bang nhiéu
lan quét. Kiéu ma hoa JPEG lily tién thuc hién nhiéu lan quét, mdi 1an quét ma hoa mot tap
con cac hé s6 DCT. Vi vay, ma hoa JPEG lily tién phai c6 bd dém phu tai dau ra ctia bd luong
tr va trudc bd ma hoa entropy. Kich thudc bd dém phai du 16n dé chia tat ca cac hé sd DCT
cua anh.

Giai ma JPEG Iiiy tién

Giai mi JPEG tuan tw

~0 ||

Hinh 2.3.15 Qua trinh giai ma JPEG liiy tién va tuan tu

Hinh v& 2.3.15 mb ta sy khac nhau trong qua trinh giai nén JPEG lily tién va JPEG tuan
tu.

Nén JPEG liy tién co thé thuc hién 3 giai thuat sau:

1) Giai thuat lua chon phd (progressive spectral selection algorithm).

2) Giai thuat xap xi thanh cong (progressive successive approximation algorithm).
3) Giai thuat két hop (combined progresssive algorithm).

Trong giai thuat lya chon phé, cac hé s6 DCT duogc nhom lai theo nhiéu nhom bang tan.
Nhin chung, h¢ s6 DCT tan sb thép dugc gt trudc, va sau do 1a cac hé s6 DCT tan sb cao. Vi
du, mot chudi 4 nhom nhu sau:

Band 1: chi ¢6 hé s6 DC.

Band 2: hé s6 AC, va AC,.

Band 3: hé s6 AC3,AC4,ACs,ACs.
Band 4: hé s6 AC,..., ACg:.

Trong giai thudt xap xi, tat ca cac h¢ s6 DCT dugc goi di trude voi do chinh xac thap
hon, va sau do6 dugc cai tién lai trong céc lan quét sau. Vi du, mét chudi ba band nhu sau:

Band 1: tat ca cac hé s6 DCT (chia 4).
Band 2: tat ca cac hé s6 DCT (chia 2).
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Band 3: tit ca cac hé s6 DCT.

Giai thuat két hop két hop ca hai giai thuat chia phd va xap xi. Hé théng JPEG liy tién
hiéu qua cho viéc truyén cac anh phirc tap. Hé thong nay hudng dén nhiing img dung yéu ciu
truyén nhanh cic anh c6 do phan giai cao, chat luong cao va phirc tap qua mang cé bing
thong gi6i han. Nhitng tmg dung d6 bao gém truyén anh y hoc, tng dung kham pha trai dat va
vil tru cling nhu cac ung dung trén Internet.

2.3.2.10 Cic tham sé tiéu chudn ciia JPEG
Tiéu chuan JPEG x4c dinh cac tham s6 trong bang 2.3.3.

Béng 2.3.3. Tham s6 theo tiéu chuan JPEG.

Tham s6 Pic diém
Tin hiéu ma hoa RGB hoac Y va Cg, Cp
Céu trac ldy mau 4:4:4,4:2:2 va 4:2:0
Kich thudc anh tbi da (diém anh x diém anh) 65 536 x 65 536
Biéu dién mau 8 bit cho hé thdng co ban
812 bit cho hé théng mé rong DCT
Do chinh x4c cua qua trinh lugng tor hoa va 9 bit
bién d6i DCT
Phuong phap luong tir héa hé s6 DC DPCM
CAu tric khdi trong qua trinh luong tir hoa 16x16 bit
thich nghi
D6 chinh xac cuc dai cua hé s6 DC 11 bit
Bang lugng tur Sai léch gitra cac gia tri Y va Cg ,Cp
Bién dbi RLC Ma Huffman
Hé s6 can bang cac khéi C6 thé bién dbi
Bu chuyén dong Khong
Quét Tuan ty hay xen k&
Kénh truyén Puoc quan ly 16i
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2.3.2.11 Phwong phap nén anh dong M — JPEG

M — JPEG la su mé rong ctia JPEG. Vi nén M — JPEG chi thyc hién trong mdi anh, diéu
d6 dan dén hiéu qua (ti s6 nén) thap hon so voi cac phuong phap nén anh dong MPEG sé&
duoc xét sau day.

Nén anh dong theo phuong phap M — JPEG ¢6 dic diém nhu sau:
. Tin hiéu 48 Mbit/s ( hé s6 nén 3,5 ) cho két qua anh rat tét.

. Tin hiéu 36 Mbit/s ( hé s6 nén 4,7 ) cho két qua anh c6 nhiéu véi mac d6 chit
luong nhét dinh.

. Tin hiéu 24 Mbit/s cho két qua anh c6 nhidu nhin thiy, chit luong anh khoi phuc
khong du dung cho muc dich chuyén dung.

Trong trudong hgp nén véi ti s6 cao s€ xuat hién cac 6 vuong ( Artifacts ) trén anh khoi
phuc, d6 1a cac dic trung ctia cac hé s6 DC. Néu ma hoa nhiéu lan thi hi¢u Uing trén s€ ting
1én.

V6i nhitng ddc diém trén, chuan M — JPEG c¢6 uu diém khi sir dung trong cong nghé san
Xuét chuong trinh truyén hinh. Vi cac anh dugc ma hoa doc 1ap voi nhau nén viée thuc hién
dung chinh x4c t¢i ting anh 1a hoan toan cé thé thuc hién dugc. bay chinh 1a diém manh cua
M — JPEG str dung trong cac thiét bi san xuét chuong trinh tién dung cho studio va dung hau
ky, 1am k¥ xdo vé6i gia thanh hé thong phu hop, khong gay ton hao trong qué trinh dyung.

Tuy nhién, ddi véi cac thiét bi sir dung dinh dang nén M — JPEG c6 cac nhuogc diém :

o Mic du str dung cling mot phuong phap nén M — JPEG trong cac thiét bi ciia
minh, cic san phdm cua cac nha may khac nhau ciing khéng hoan toan giéng nhau vé mait
biéu dién ciing nhu phurong phap xir Iy dbi véi tin hiéu video dugce nén. Chinh vi vy cac thiét
bi nay rat kho co thé trao d6i truc tiép sd liéu cho nhau.

o Céc thiét bi sir dung phuong phap nén theo dinh dang M — JPEG khong thé sir
dung cho truyén dan, phat song vi téc do dong bit sau khi dwoc nén con cao.

2.3.3 Chuin nén MPEG
2.3.3.1 Giéi thigu chung vé MPEG

Nén tin hiéu video theo chuan MPEG (Moving Picture Experts Group) la phwong phap
nén anh dong khong nhiing lam giam du thira khong gian (nhu JPEG) ma con lam giam du
thira thoi gian giita cac khung anh, day 1a khac biét so v6i JPEG 1a chuin nén anh tinh chi lam
giam du thura thong gian trong mot khung anh.

Chuin MPEG dinh nghia mét khai niém mdi 1a “nhém cac khung anh” (GOP) dé giai
quyét du thira thoi gian va cho phép truy xuat ngiu nhién khi ma hoa MPEG dung dé luu tri¥.
Trong chudn MPEG, ngudi ta quy dinh 3 loai khung anh phu thudc vao phwong phép nén: nén
trong khung anh (khung I), nén uéc doan (khung P) va nén ndi suy hai chiéu theo thoi gian
(khung B). Khung I luén luén 1a khung anh dau tién trong nhom GOP, tao diém truy xuét
ngiu nhién chuan.
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Chuan nén MPEG bao gdm céc tiéu chudn nén video co téc do lubng bit (twong duong
chat lugng anh video) khac nhau:

a) MPEG — 1: (chuan ISO/IEC 11172) c6 tir thang 11-1992. MPEG — 1 dung cho
nén dong c6 kich thudc 320x240 va tdc do bit con tir 1 Mbit/s dén 1,5 Mbit/s dung cho ghi
hinh trén bang tir va dia quang (CD), dong thoi truyén dan trong cac mang (vi du nhu mang
may tinh). P6i voi ma hoa audio stereo, toc do khoang 250 Kbps. MPEG — 1 ¢6 cac thanh

phan chinh sau day :

. Phan 1 : ISO/IEC 11172 — 1 : Hé théng ghép kénh Video, Audio MPEG
-1.

o Phan 2: ISO/IEC 11172—2 : Nén video MPEG — 1.

o Phan 3 : ISO/IEC 11172 -3 : Nén audio MPEG — 1.

. Phan 4 : ISO/IEC 11172 -4 : Conformance.

. Phan 5 : ISO/IEC 111725 : Software.

b) MPEG -2 : la dy an giai doan hai cua ISO/IEC, dugc sir dung cho cac tng dung
cao hon véi tdc do con < 10 Mbit/s cho vién thong, truyén hinh thong thuong.

¢) MPEG — 3 : tiéu chuan nén tin hiéu sé xubng con < 50 Mbps dé truyén tin hiéu
truyén hinh c6 d6 phan giai cao (HDTV). Sau d6, nhap chung vao MPEG — 2 va thanh tiéu
chuin quéc t¢ MPEG — 2 vao thang 11 nam 1994 (ISO/IEC 13818). Tiéu chuin MPEG — 2
nay ding cho truyén hinh théng thuong va truyén hinh c6 do phén giai cao.

d) MPEG — 4 : dugc thiét ké dé ma hoa Video/Audio véi téc do thap (khoang 9+14
Kbps) chu yéu tmg dung trong dién thoai video, multimedia. MPEG — 4 hoan thién vao thang
10— 1998.

e) MPEG — 7 : chuan nay duoc dé nghi vao thang 10 — 1998 va thanh chuan quéc té
vao thang 9 — 2001. MPEG — 7 s& 1a chuan mo ta thong tin cua rat nhiéu loai da phuong tién.
M6 ta nay s& két hop véi chinh ndi dung cua nd cho phép kha ning tim kiém nhanh va hiéu
qua theo yéu cau ngudi ding. MPEG-7 dic trung cho mét tap tiéu chudn biéu dién nhiéu loai
thong tin multimedia khac nhau. Chinh vi vay, MPEG-7 con duogc goi l1a “ Giao thirc mo ta
noi dung da phuong tién”.

Tiéu chuan MPEG la su két hop gitra nén trong anh va nén lién anh. Ttc 13 phuong
phap nén co ton hao dua trén su bién d6i DCT va bu chuyén dong. MPEG dung biéu dién mau
bang YC,Cy.
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MPEG

Y A 4 Y ) 4 A 4

MPEG1 MPEG?2 MPEG3 MPEG4 MPEG7

Hinh 2.3.16  Hé thong cac chuan MPEG

2.3.3.2 Bii chuyén dpng trong chuin nén MPEG

Trong tat ca cac truong hop, khi mot anh ma hoa ding khung tham khao thi luén dung
ky thuat bu chuyén dong dé nang cao hiéu suat nén. Sau day, ching ta s& dé cap dén phuong
phap bu chuyén dong.

Céc phuong phéap b chuyén dong: ¢6 hai cach 1a bu chuyén dong uée doan va noi suy.
Phuong phap udc doan bu chuyén dong gia thiét anh hién tai 1a mot phép bién doi tir anh
trude d6, nghia 1a bién do va huéng dich chuyén khong can thiét phai gidng anh trude do.
Phuong phap noi suy b chuyén dong 1a k¥ thuat nhiéu d6 phéan giai: chi ma hoa mot tin hiéu
phu v&i d6 phan giai thap (khoang 1/2 dén 1/3 toc do khung). Anh ¢6 do phan giai day di s&
dugc xay dung lai qua ndi suy anh c6 d6 phan giai thip cong thém thanh phan sira sai. Pon vi
xtr 1y anh ma MPEG sir dung 14 macroblock (MB) 16x 16 diém anh. Trong anh ma hoa ndi
suy, cac MB c6 thé 1a loai nén trong khung hay nén lién khung. Trong k¥ thuat udc doan
chuyén dong, néu sir dung k¥ thuat so sanh khdi (BMA - Block Matching Algorithm) thi s&
thu duoc cac vecto chuyén dong theo tiéu chi téi thiéu hod sai sé giira khéi can tim vecto
chuyén dong va mdi khéi tmg cur.

1642w

A

v

Macroblock cia

/khung anh hién tai

l«——Cita s6 tim ki€m
1642w
Macroblock cia
khung anh trudc
v dich (L,j)

Hinh 2.3.17 Minh hoa qua trinh bu chuyén dong theo giai thuait BMA

2.3.3.3 Cdc ciu triic dnh
MPEG dinh nghia cic loai anh khac nhau cho phép sy linh hoat dé can nhéc giita hiéu
qua mi hoa va truy cap ngau nhién. C4c loai anh d6 nhur sau:

2.3.3.3.1 Anh loai I (Intra-picture)
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La anh duoc ma hoa riéng, tuong ty nhu viéc mi héa anh tinh trong JPEG. Anh I chtra
dung dir lidu dé tai tao lai toan bo hinh anh vi chung duoc tao thanh bang thong tin cta chi
mot anh va dé du bao cho anh B,P. Anh I cho phép truy cip ngiu nhién, tuy nhién cho ty 18
nén thap nhat.

2.3.3.3.2  Anh loai P (Predicted-picture)

La anh dugc ma hoa c¢6 bu chuyén dong tir anh I hodc anh P phia trudc. Anh P cung cip
cho hé s6 nén cao hon anh I va ¢ thé str dung lam mét anh so sanh cho viéc bu chuyén dong
cho cac anh P va B khac.

2.3.3.3.3 Anh loai B ( Bi-directional predicted picture)

La anh dugc ma hoa sir dung bu chuyén dong tir cac anh I hodc P & phia trudc va & phia
sau. Anh B cho ty 1é nén cao nhét.

2.3.3.3.4 Anh loai D ( Dc-coded picture)

La anh dugc st dung trong MPEG-1 va MPEG-4 nhung khong dugc s dung trong
MPEG-2. N6 gidng nhu anh I, tuy nhién chi c¢6 thanh phan mét chiéu & dau ra DCT duoc thé
hién. N6 cho phép do tim nhanh nhung chat luong anh théap.

2.3.3.4 Nhom danh (GOP)

Pbi v6i chuan MPEG, chit lugng anh khong nhitng phu thudc vao ty 1 nén trong ting
khuon hinh ma con phu thudc vao d6 dai cia nhom anh. Nhom anh (GOP-Group of picture) 1a
khai niém co ban cia MPEG. Nhém anh 1a don vi mang thong tin doc 1ap cia MPEG.

MPEG st dung ba loai anh I, B, P. Trong d6, anh P, B khong phai 1a mot anh hoan
chinh ma chi chtra su khéac biét gitra anh d6 va anh xuat hién truéc n6 (d6i voi anh P) hay su
khac biét ddi véi ca khuon hinh xuat hién trude va sau n6 (d6i v6i anh B). Dé c6 mot khuon
hinh hoan chinh anh P va B can ¢6 dit liéu tir cac anh 1an can, chinh vi vay ddi v6i MPEG mét
khai niém méi 1a GOP (nhém anh) duge sir dung. Mdi GOP bit budc phai bt dau bang mot
anh hoan chinh I va tiép sau n6 1a mot loai cac anh P va B. Nhom anh c6 thé mé (Open) hodc
dong (Closed).

Nhém dnh mé ludn bat dau tir mot anh I va két thic & mot anh trude anh trude anh 1

tiép theo, tic 14 anh cudi cling cia GOP ding anh dau tién ciia GOP tiép theo lam anh chuén,
Hinh 2.3.18.

Tha tu hiign ...........
Tht ty' tiuyen ...

Hinh 2.3.18 CAu traic GOB mé&
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Trong Hinh 2.4.18, anh P ( anh 4) dugc du bao trudc trén co s& anh I (anh 1). Anh B
duoc dy doan tir hai huéng, anh B (anh 2) va anh B ( anh 3) dugc du doan tur hai anh I ( anh
1) va anh P (4nh 4). Anh B (anh 5,6) dugc dy doan tir anh P (4nh 4) va anh I tiép theo (anh 6).
Mot diéu chii y 1a thar ty truyén anh va hién anh trén man hinh 13 khong giéng nhau.

Déi véi cau trac khép kin (dong), viéc du doan anh khong st dung thong tin cia GOP

khac. Trong truong hop nay, theo quy dinh, anh cudi ciing cia mét GOP bao gid ciing 1a anh
P (Hinh 2.3.19).

GOP

Hinh 3.3.19 Cau tric GOB dong

Nhém anh duoc xac dinh boi hai thong sé m va n. Thong sé m xac dinh s6 khung hinh
P va khung hinh B xuét hién giita hai khung hinh I gin nhau nhét. S6 n xac dinh sé khung
hinh B gitra hai khung hinh P.

Ty 1é nén video cia MPEG phu thudc rat nhiéu vao do dai cia GOP. Tuy nhién, GOP
dai thuong gay kho khin cho qua trinh tua, dinh vi, sira 16i... Do @6 tiy thudc vao ting khau
(san xuat, dung hinh, truyén dan, phat séng v..v) ma ta chon do dai GOP thich hop. Trong san
xuét hau ky, néu ¢ yéu cau truy cip ngiu nhién vao bat ctr anh nao, diéu d6 ciing c6 nghia la
yéu cau dung chinh xac dén ting dnh, GOP dwong nhién s& phai chi c6 duy nhét anh 1. Trong
truong hop ndy, ty 16 nén sé& dat rat thap. Dé tang ty 16 nén cho truyén din va phat séng, trong
GOP sb luong anh P, B s& phai tang 1én. Luc nay khong cho phép viéc dung hinh ciing nhu
1am céc k¥ xdo trén chudi hinh anh d6. Trong trudng hop nay ta cd thé c6 GOP gdm 12 anh.

2.3.3.5 Ciu tritc dong bit MPEG

Dé tao kha ning chdng 16i khi truyén tin hiéu qua kénh c6 nhidu, bo uwéc doan phai duoc
x4c lap lai (reset) thuong xuyén va moi anh nén trong khung hay nén uéc doan duogc phan
doan thanh nhiéu 14t nho (slice) cho viéc tai dong bo tai bd giai ma phia thu. Ciu truc dong
MPEG gbm 6 16p: 16p ddy anh (sequence), 16p nhom anh (GOP), 16p anh (pictrue), 16p cit lat
dong bit (slice), 16p macroblock, 16p khdi (Block). Mdi 16p ndy hd tro mot chirc ning nhat
dinh: mot 1a chtrc nang xur 1y tin hiéu (DCT, bu chuyén dong) hai 13 chirc ning logic (tai dong
bd, diém truy xuat ngiu nhién). Qua trinh tao ra dong bit MPEG 1a ghép kénh: két hop céc
dong dir liéu vao, dong dir liéu ra, diéu chinh dong bd va quan 1y bd dém. Ch phap dong
MPEG bao gdém: 16p dong bit (stream), 16p goi (pack) va 16p goi tin (packet) nhur trong Hinh
2.3.20:
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1. Khéi. Khéi 8x8 cac diém anh tin hiéu choi va tin hiéu mau dung cho phuong phap
nén DCT.

2. Tb hop cau triic khdi (macroblock): mét cau tric khdi 1a mot nhom cac khdi tuong

g voi lugng thong tin chira dung trong kich thudc 16x16 diém trén birc anh. Cau tric khoi
nay cling xac dinh luong thong tin chtra trong d6 sé& thay doi tuy theo cdu trac mau dugc st
dung. Thong tin dau tién trong cau trac khéi mang dang ctia nd (1a cau trac khdi Y hay Cr,
Cb) va céc vector bu chuyén dong tuong tng.

3. Mang (Slice): mang bao gdm mdt vai ciu tric khdi ké nhau. Kich thudc 16n nhat
clia mang c6 thé bao gdm toan bd birc anh va kich thudc nho nhit cia mang 1a mot ciu trac
khéi. Thong tin dau ctia mang chira dung vi tri cia mang trong toan b anh, va hé sb can bang

lugng tur.

4. Anh (Picture): 16p anh cho phép bd giai ma xac dinh loai cta anh dugc ma hoa 1a

anh P, I hay anh B. Thong tin dau dung dé chi tht tu truyén khung dé b giai ma c6 thé sip
xép cac anh lai theo mot thir ty dung. Trong thong tin dau ctia anh con chira cac thong tin vé
ddng bo, d6 phan giai va pham vi ctia vector chuyén dong.

5. Nhom anh (GOP): nhém anh 1a t6 hop cua nhiéu cic khung I, P va B. Cau tric

nhém anh dugce xac dinh bang hai tham sé m va n. M&i mot nhdm anh bat dau bang mot
khung I cho phép xac dinh diém bat dau dé tim kiém va bién tap. Thong tin dau gom 25 bit
chira m dinh thoi va diéu khién.

6. Doan (chuong trinh) video: doan video bao gdm thong tin dau, mot sé nhém anh va

thong tin két thiic doan. Thong tin dau cua doan video chtra dung kich thuéc mdi chiéu cua
anh, kich thudc cta diém anh, tdc do bit cta dong video sb, tan sb anh va bo dém tdi thiéu can
6. Poan video va thong tin dau tao thanh mét dong bit dugec ma héa goi 1a dong co ban
(Elementary Stream).

4:2:2
Khoi diém Y Cr Cb
énh 8x8
(Block) Macroblock

f‘
. Jlli\l

I A Mr?lﬂg (Shce)

Khung (Frame) \

Nhém énh (Group Of Pitues)
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|
\ Khoi 8x8 di€m choi
|

Hinh 2.3.20 Kién tric dong dir liéu MPEG

2.3.3.6 So do khoi by mi héa MPEG

Qué trinh nén theo chuan MPEG la sy két hop giita nén trong anh va nén lién anh. Tin
hieu dau vao c¢6 dang 4:2:2 hodc 4:2:0 dugc nén lién anh nham tao ra anh khac biét & dau ra
bd cong. Anh khéc biét nay sau d6 duogc nén trong anh qua cac budc: bién ddi DCT, luong tur
hoa, mi hoa. Cudi cing anh nay duoc tron cling voi vector chuyén dong dua dén bo khuyéch
dai dém s€ thu dugc anh da nén. Ta xét vi du bo nén theo phuong phéap trén, dung anh I va P
trong cu tric GOP (Hinh 2.3.21).

Anh thtr nhét trong nhém phai dugc ma héa nhu anh loai I. Trong truong hop nay, sau
khi léy mau lan dau, tin hiéu video duoc truyén dén khdi bién d6i DCT cho cac MB riéng, sau
d6 bo luong tr va ma hoa entropy. Tin hi¢u ra tir b lugng tir hoa duge dua dén bo lugng tur
héa ngugc va bién d6i DCT nguoc, sau d6 dugc luu vao bo nhé anh.

Trong truong hop ma hoa anh loai P, mach nén chuyén dong lam viéc. Trén co s so
sdnh 4nh dang xét va anh trong bd nhd, s€ xac dinh dugc cac vector chuyén dong, sau do du
bao anh. Sy chénh 1éch gilta anh dang xét va du bdo anh cia né dugc bién doi DCT, lugng tur
hoéa va ma hoa entropy. Cling nhu trong trudong hop céac anh loai I, tin hiéu ra tir bd luong tir
hoa dugc giai lugng tir hoa va bién d6i DCT nguoc rdi cong véi anh du bao dang xét va luu
vao by nho.
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Téc d6 bit cua tin hiéu video duoc nén khéng cb dinh, phu thude vao ndi dung anh dang

xét. Nguoc lai, tai ¢au ra bd ma hoa, dong bit phai ¢d dinh dé xac dinh toc d6 cho dung luong

kénh truyén. Do d6, tai dau ra b ma hoa phai c6 bd nhd dém du 16n. Bo ma hoa phai kiém tra

trang thai day ctia bd nhé dém. Khi sb liéu trong bd nhd dém gan bang dung lugng cuc dai,

thi cac hé sb bién d6i DCT ngugc dugc luong tir hoa it chinh xac hon. Trong trudng hop

nguoc lai, c6 nghia la bd nhé dém chura s6 li€u qua it, thi vi¢c lugng tir hda cac hé so s& tang

1én.

Biédu khién te d6 bit

Bang lwong ti

Video 51
DCT Luwong .| Md héa Trén
' Z tirhoa "| entropy
F 9 v 'y
B Giai luong
i hoa
+ + l
IDCT
Anhdy|  |Anhso
doan |~ sanh
F 9
h 4 Vector chuyén déng
- Xac dinh vector

chuyén déng <

Hinh 2.3.21 B m3 hoa MPEG tiéu biéu

2.3.3.7 Qua trinh gidi ma
Qua trinh gidi ma, theo ly thuyét, la nguoce lai voi qué trinh ma hoa va duge minh hoa

trén Hinh 2.3.22.

Diéu khién nhom anh

Khuvéch Video nén
daidém [ *

N N . Tdildp trit ty Ra
V@b VLD L Gidi lugng nt > IDCT R » khung inh .
v A
B6 ma hod Hé s6 DCT ﬁ
udc dodn
\ Céc vectd chuyén déng .| U8c dodn N Luu trit khung
chuyén déng anh tham khdo
Hinh 2.3.22 B¢ gidi ma MPEG tiéu biéu
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Chudi tin hiéu vao duoc giai mi entropy tai VLD (Variable-Length Decoder). Sau dé
tach sb liéu anh (hé sd bién d6i DCT) ra khoi cac vector chuyén dong. S6 lidu s& duoc giai
lugng tir hoa va bién d6i DCT nguoc. Trong trudng hop anh loai I bat ddu & mdi nhém anh
trong chudi, s& nhan dugc anh du ra hoan chinh bang cach trén. N6 dugc luu trong bd nhd
anh va duoc str dung dé giai mi cac anh tiép theo.

Trong trudng hop anh loai P s& thyuc hién giai luong tir va bién d6i DCT nguoc véi viée
st dung cac vector chuyén dong va anh luu vao bd nhé anh. Trén co sé d6 xac dinh dugc du
bao an dang xét. Ta nhan dugc anh ra sau khi cong du bao anh va két qua bién déi DCT
nguoc. Anh nay ciing dugc luu vao b nhé dé co thé sir dung nhu 1a chuan khi giai ma cac
anh tiép theo.

2.3.3.8 Tiéu chuin MPEG-1

Chuan MPEG-1 cho phép van dung anh dong linh hoat nhu mét dang dir liéu ciia may
tinh. Do d0, ta c6 thé truyén va nhan anh dong thong qua may tinh va mang vién thong.
MPEG-1 chon cac khbi (MB-Macro Block) 16x16 dé thuc hién qua trinh bu chuyén dong.
Kich thudc nay 1a sy hai hoa giira hiéu qua nén bang cach bu chuyén dong va viée luu trir cac
khéi MB. Céc khbéi MB nay lai c6 thé chia ra 1am nhiéu loai khac nhau nhu : Intra coded,
Forward prediction coded, Backward prediction coded va Bi-directional prediction coded.
Dua trén cac khoi MB, thong tin cac vector chuyén dong dugc luu trit cing véi tin hiéu khac
biét (gitta anh nén va anh du bdo). Sy khac nhau gitta vector dong hi¢n tai va vector dong
truyén di trude duoc ma hoa bang ma entropy.

Tin hiéu video s6 MPEG-1 vao bao gdm 1 tin hiéu ch6i Y’ va 2 tin hiéu hiéu mau Cb va
Cr. Ty s6 tan s6 1dy mAu tin hiéu choi so véi tan sé 14y mAu hai tin hiéu hiéu mau Cb va Cr 1a
2:1 theo ca hai chiéu dong va manh nhu mdt tin hi¢u khong chén. Trude khi ma hoda cac anh
c6 thé duoc sap xép lai theo trat ty giai ma boi vi bo giai ma chi ¢ thé giai ma dugc anh B
sau khi d4 giai ma anh I va P. Sau qué trinh giai ma thi trat t ctia cic anh s& duoc sap xép lai
nhu ci.

Sau khi chon kiéu anh cho mot 4nh véo, bd mé hoa s& danh gia chuyén dong cho moi
khdi MB cua anh. V&i mdi khéi MB nay by ma hoa s€ tao ra mot vector chuyén dong cho 1
anh P va 2 vector chuyén dong cho 1 anh B.

Tuy thudc vao tung kiéu anh ma tin hiéu sai léch (gitra anh nén va anh du bao) dugc
nhan dang béng cach tim ra sy khac nhau gitra dy doan bu chuyén dong va dir liéu thyuc su cta
MB hién tai. Tin hi¢u sai léch nay duoc chuyén dén khdi DCT 8x8 va luong tir hoa khi di qua
bd lugng tir hoa. Cac hé s6 lugng tir hoa DCT dugc quét theo trat ty zig-zag va mi hoa bang
ma entropy.

Mot bo diéu khién cing véi bd dém c6 nhiém vu diéu chinh téc d6 dir liéu dua ra thong
qua diéu chinh budc luong tu. Dé ¢6 thé tao ra duge anh I va anh P trong by dém trong qua
trinh ma hoa, thi b gidi ma lugng tir va bd chuyén ddi ngugc DCT 8x8 dugc dua vao nham

tao ra tin hi¢u sai 1&ch.

2.3.3.9 Ciu triic dong bit va cdc tham sé chinh ciia chudn nén MPEG-1
MPEG-1 1a thuat toan chi dinh nghia ¢l phap (syntax) biéu dién dong bit ma hoa va giai
mi. Cu phap dong bit dugc ciu tao bang 6 16p : Sequence (chudi anh), GOP = Group of
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Picture (nhom anh), Picture (anh), Slice, macro block (MB), block (kh6i). Ciu tao va chirc
nang cia mdi 16p dugc chi ra trong bang 2.3.4. Cac tham s6 chinh cta tiéu chuan MPEG-1

dugc minh hoa trong bang 2.3.5.

Bang 2.3.4 Céc thong s6 MPEG-1.

Lop Céu tao Chtrc nang
Sequence Go6m nhiéu GOP Dong bit video
GOP Goém tir (1+n) anh bit ddu| Donvi truy xudt
bang anh I
Picture I, B, P Gdm nhiéu Slice Pon vi ma hoa co ban
Slice Gom nhiéu MB Don vi tai dong bd dé phuc hoi 16i

Macro Block Véi 4:2:2 gébm : 4 block Y, 1
block Cr va 1 block Cb

Pon vi bu chuyén dong

(MB)
Block Gom 8x8 pixel Don vi tinh DCT
Bang 2.3.5. Tham s6 theo tiéu chudn nén MPEG-1.
Tham s Dic diém
Tin hiéu ma hoa Y va Cr, Cb
CAu trac 1dy miu 4:2:0
Kich thudc anh t6i da(diém anh x diém anh) 4095x4095
Biéu dién mau 8 bit
Do chinh xac cua qué trinh lugng to hoa va | 9 bit
bién d6i DCT
Phuong phép lugng tir hoa hé sé DC DPCM tuyén tinh
Cau trac khéi trong qua trinh luong tir hoa | 16x16 bit
thich nghi
Do chinh xac cuc dai cua hé sé DC 8 bit
Bién d6i VLC Ma Huffman
Bang VLC Khong thé truyén tai

H¢ s6 can bang cac khoi

C6 thé bién d6i
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BU chuyén dong Trong khung hinh va gilta cac khung
hinh
Quét Tuan tu
Do chinh xac du doan chuyén dong 1, diém anh
Tbc d6 khi nén 1,85 Mbps cho nén tham sb
100 Mbps cho dong day du tham s6

Phuong phép nén MPEG-1 cho phép truy cip ngiu nhién cac khung hinh video, tim
kiém thuén va nghich trén dong tin hi¢u nén, bié€n tap va phat lai trén dong tin hi¢u nén.
MPEG-1 1a tap con cua MPEG-2, nén tat ca cac bd gidi ma MPEG-2 déu c6 thé giai ma duogc
dong tin hi¢u MPEG-1.

2.3.3.10 Tiéu chuén MPEG-2
2.3.3.10.1 Gidi thiéu vé chudn MPEG-2

MPEG-2 1a du an giai doan 2 cua iy ban ISO/PEC MPEG. MPEG-2 hudng téi céc ting
dung rong rii hon va c6 tdc do bit cao hon MPEG-1, bao gdm dién tir vién thong va truyén
hinh s6 thé hé ké tiép. Noi dung k¥ thuat di duoc diic két vao 11/1993 thanh dy thao ISO/IEC
13818 tén goi “ Mi hoa chung anh dong va audio di kém” gém ba phan chinh: Hé théng;
Video; Thu nghiém. MPEG-2 duogc tién hanh ngay sau MPEG-1, nham hd trg viée truyén
video s toc d6 bit 16n hon 4 Mbps, bao gém cac img dung DSM (phuong tién luu trit s6), cac
hé théng TV hién dai (PAL, NTSC, SECAM), cap, thu lugm tin tirc dién tur, truyén hinh truc
tiép tir vé tinh, EDTV (truyén hinh m¢ rong), HDTV (truyén hinh c6 d6 phéan giai cao) v...v.

MPEG-2 14 chuan nén video c6 ton that. Cong ty Nethold’s Multichoice da truyén 20
kénh truyén hinh s cho Bi, Ha Lan, Luxembourge, Scandinavia, Trung Pong, Chau Phi, ...
qua vé tinh Pan Amsat vao thang 10/1995. Hé thong sir dung trén mét triéu bo giai ma
MPEG-2 set-top cua Phillips, Panasonic, Pace. Mang truyén hinh Dish cta Echostar ¢ ké
hoach truyén 150 kénh truyén hinh s6. Ca chau Au (DVB), My (ATV), va nhiéu hing khéac
trén thé giéi (Galaxy, Shinawatra Satellite, ...) dung MPEG-2 trong cac hé truyén hinh c6 d6
phan giai cao dé c6 thé phat song truyén hinh s trén mat dat.

Chuén MPEG-2 bao gom 4 phan chinh :

. Céc hé thong (ISO/IEC 13818-1).

. Video (ISO/IEC 13818-2).

. Audio (ISO/IEC 13818-3).

. Céc hé théng kiém tra (ISO/IEC 13818-4).

Phan 1 dua ra cau trac két noi phue tap gitra dit liéu audio va video va dong bo thoi gian
thuc. Phan 2 dua ra cach ma hoa tin hiéu video va cling chi ra qua trinh gidi ma dé tai tao lai
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céc khung anh. Phan 3 13 cAu trac ma hoa ciia tin hidu audio va phan 4 1a cac hé théng kiém
tra cac yéu cau dit ra cia MPEG-2.

MPEG-2 hoat dong hoan toan dua trén cac co s6 MPEG-1, tuy nhién c6 thém mot vai
yéu cau tao thanh mot hé thong day du cho cac dich vu nghe nhin:

° HO tro xur ly file hodc frame.

. Ap dung vao nhiéu linh vyc tir tbc do bit rat thap dén rit cao (tir chat lwong anh
rat thap dén rt cao). MPEG-2 dua ra cac dang thirc co ban tng véi 6 profiles va mot sb level.

o MPEG-2 c6 tinh twong hop (compatibility) va tinh co dan (scalability) cao theo
khong gian va thoi gian.
2.3.3.10.2 CAu tric dong bit video MPEG-2
Mot trong nhitng khac biét chinh giita hai tiéu chuan MPEG-2 va MPEG-1 1a & chd
MPEG-2 c¢6 kha ning xir Iy chudi video xen k&, vi du nhu dang thirc ITU-R601. So dd mé hoa

c6 thé thich nghi véi su lya chon field hoac frame, trong d& MPEG-1 chi c6 mdt mode cd
dinh. Hinh 2.3.23 chi ra cdu trac dong bit video MPEG-2.

A
Chudi Lép slice
Header P
GOP ,
Header Help E
Header ,
anh Lop block
L——— ]

Hinh 2.3.23 CAu tric dong bit vdeo MPEG-2

. Chudi video dwoc ma hoa bit dau bang Sequence Header, sau d6 13 chudi mo
rong (néu c6) va cac nhém anh. Néu phan chudi mé rong (Sequence extension) khong duge
xé4c dinh (khong c6 ma bao c6 thanh phan md rong), cac 16p tiép theo khi d6 s& thuc hién mot
quy trinh giéng nhu MPEG-1 va d6 1a tuong hop thuan. Khi c6 thém phan mé rong thi phai
c¢6 thém céc dic tinh mo rong dé ma hoa hiru hiéu hon.

o Header cua nhom anh (GOP) c6 chtic nang tuong tu nhu header cia MPEG-1.
Céc thong s6 quan trong ding dé ma hoa anh md rong duoc dinh nghia trong extension
header ctia anh. Vi c6 hai loai anh, lién tuc va xen ké nén ciu tric anh can phai dugc xac dinh
10 field trén hay field dudi hoac frame.
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2.3.3.10.3 Ddc tinh va cac muc trong MPEG-2

Nén MPEG-2 c¢6 mdt chudi cac mirc (Level) va dic tinh (Profile), dugc dung cho nhiéu
ung dung khéac nhau.

CAu trac tin hiéu sb trong tiéu chuan MPEG-2 rat phirc tap. Viéc st dung tiéu chuan
MPEG-2 khong phai lac ndo ciing can thiét hodc co ¥ nghia. Vi thé din dén viéc phan chia
cAu tric thanh cac tap con goi 1a profiles. Co 6 dinh nghia vé profile:

o Simple profile (profile don gian): c6 sb cong cu thap nht va sir dung tdc do bit
thap va khong dung B frame. N6 twong duong véi dac diém ky thuat MPEG-1, phu hop véi
cac ung dung low-delay boi khong can thiét sap xép lai cac frame.

. Main profile (profile chinh): c6 tim tmg dung kha rong. N6 rat quan trong vi dap
tmg dugc d6 phan giai ddi voi truyén hinh quy wéc. N6 cho chat lwong anh tét hon véi cling
mot tbe do bit so voi low profile nhung thdi gian tri hodn khi ma va giai mé ting lén.

o SNR profile scalable (profile phan cip theo SNR): ¢6 cac cong cu cta main
profile va cho phép phan cip theo ti s6 tin hi¢u trén tap 4m. Tinh phan cép theo ti s6 tin higu
trén tap 4m co nghia 1a chéat luong hinh anh va ti sd tin hiéu trén tap 4m c6 tinh thda hiép.
Chudi anh c6 thé chia thanh hai phan 16p phéan biét nhau vé chat lwong. Cac 16p thap bao gdm
anh c6 chat lugng co s, 16p cao bao gdm céc 16p hoan thién hon ddi véi 16p thap hon, cho
phép khoi phuc cing anh d6 nhung chat lugng tot hon. Lép thip hon, vi du chira tin hiéu
video theo chuan 4:2:0, con 16p cao hon vdi tin hiéu video trong chuan 4:2:2. Cé thé ma hoa
kénh khac nhau cho cac 16p riéng. Trong truong hop nay, 16p dudi c6 tin hiéu video chit
luong thap hon ( vi du luong tir hda véi d6 chinh xac thip). Con 16p cao hon thi 16p bao vé
cho phép khéi phuc lai tin hi¢u video véi do chinh xac day du thong sb kénh truyén hoic bo
ma hoa.

. Spatially Scalable profile (phan cap theo khong gian): trong tu vdi SNR profile
nhung thém vao 16p co ban 16p ning cao chat luong do phan giai anh (Picture Resolution
Enhancement layer). Tinh phan cip theo khong gian c6 nghia 1a c6 su thda hiép ddi voi do
phan giai. Chudi anh duoc chia ra thanh hai 16p twong ing vé6i cac d6 phan giai khac nhau cua
anh. Lép thip hon bao gdm anh c6 do phan giai thap vi du nhu truyén hinh tiéu chuén, 16p
cao hon bao gdm anh c6 do phan giai cao hon vi du nhu truyén hinh d6 phin giai cao
(HDTV).

o High profile (profile cao): gdbm cac dic diém cia spatial profile thém vao cau
trac 1dy mau 4:2:2. N6 bao gom toan bd cac cong cu cua spatially scalable profile cong thém
kha ndng ma hoa céc tin hi€u mau khac nhau cung mét luc. N6 dugc duy dinh dung cho
HDTYV, cho phép cac bd thu HDTV giai ma ca hai 16p dé hién thi mot anh HDTV. “High
profile” 12 mot hé théng hoan hao duoc thiét ké cho toan bd cac tmg dung ma khong han ché
toc do bit.

o 4:2:2 profile: twong ty MP, nhung cho phép mot toc do bit cao hon. N6 gia ting
kich thudc anh doc 1én 576 lines véi chudn quét 625/50 va 512 lines véi chuan quét 525/60.
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Van d¢ han ché cac mirc c6 lién quan dén do phan giai cuc dai cia anh. C6 4 mic han

ché sau :

Low level (mtic thap): img v6i d6 phan giai cia MPEG-1, c6 nghia 1a bang % d6

phan giai truyén hinh tiéu chuan.

Main level (mtrc chinh): d6 phan giai cta truyén hinh tiéu chuan.
High — 1440 level (mirc cao 1440): d phan giai cia HDTV vé6i 1440 mau/dong.

High level (mtic cao): dd phan gidi HDTV véi 1920 mau/dong.

Bang 2.3.6. Bang thong s6 chinh profile va level cua tin hiéu chudn MPEG-2.

Profile Pon gian Chinh Phan cdp | Phian cip| Cao
(Simple) | (Main) theo SNR g}jﬁ khong | prioh)
Level
Thap 4:2:0 4:2:0
(Low) 352x288 352x288
4 Mbps 4Mbps
ILP,B
Chinh 4:2:0 4:2:0 4:2:0 4:2:0
(Main) 720x576 720x576 720x576 720x576
15 Mbps 15 Mbps 15 Mbps 20 Mbps
P ILP,B ILP,B ILP,B
Cao — 1440 4:2:0 4:2:0 4:2:0,4:2:2
(High— 1440x1152 1440x1152 | 1440x1152
1440) 60 Mbps 60 Mbps 80 Mbps
I,P,B I,P,B I,P,B
Cao 4:2:0 4:2:0,4:2:2
(High) 1920x1152 1920x1152
80 Mbps 100 Mbps
LP,B ILP,B

Két hop 4 level va 5 profile ta dugc t6 hop 20 kha nang va hién nay dd c¢6 11 kha ning
dugc tmg dung nhu Bang 2.3.6 (theo tai liéu cua Tektrronic). Trong cac 6 cia Bang 2.4.6, lan
luot tir trén xudng 1a: ty 1¢ 1dy mau (4:2:0 hodc 4:2:2); dong dudi ghi diém anh theo chiéu
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ngang x theo chiéu doc; dong duéi nita 13 van tdc cao nhat ciia dong dir liéu sau khi nén; dong
cudi cung 1 cac loai anh sir dung dé nén.
2.3.3.10.4 Ung dung MPEG-2 trong nén tin hiéu video

*

o CAc tinh chat nén tin hiéu video

Tinh chat nén tin hiéu video (hodc giam tc do bit cua video BRR — Bit rate reduction)
1a sy két hop nhiéu yéu t6 khac nhau :

. Tilé nén : ti 1é nén tir 2:1 d&én 150:1, tuy thudc vao chat lugng anh yéu cdu cho
tung ung dung.

. Chat luong anh : chat luong anh cao thudng dung cho khau xir 1y anh, trong
khau hau ky (dyng hinh); giam hon trong khau 1y tin (news), truyén dan phat song.

o Kha nang tao nhiéu lan : Trong qua trinh san xuat hau ky, truyén dan phat song;
tin hiu video goc phai di qua nhi€u cong doan, nén va giai nén.

o D61 xtimg/ khong doi xtmg : véi so do nén doi xung, s6 luong xur ly & phan ma
hoa va gidi ma giong nhau. So d6 MPEG-2 1a khong d6i xting vi cac cong doan gidi ma it hon
so vG1 ma hoa.

o Tré gitra ma hoa va giai ma : do tré nay phu thudc vao cau tric va do phuc tap
ctia b ma hoa, kich thudc GOP va chudi GOP. Trong truyén hinh, d6 tré téng cong co thé
chap nhan duoc 1a <Ims cho truong hop phong van truc tiép. Trong truyén dén phat song thi
van d& nay it khic khe hon.

o Kha ning dung hinh : dung hinh véi d6 chinh xac 1 frame 13 yéu ciu cao trong
khau hau ky. Hi¢n tai, trong khau hau ky phai gidi ma nhiéu frames (I, B, P) va ma hoa lai sau
khi cdy mot doan méi vao. Do c6 thé thay déi chiéu dai GOP xubng con anh I, cho nén
MPEG-2 cho phép dung hinh véi d§ chinh xac tung frame.

. Do phirc tap va gia thanh : ¢6 mot su thoa hiép gitra ki thuat xap xi chuyén dong
c6 hi€u qua (nang cao hi€u qua nén cao) va giam do phirc tap va gia thanh cua céc chip xu ly.

2.3.3.11 Tiéu chuin MPEG-4

MPEG-4 bao gom 2 phéan 1a version 1 va version 2. Bit dau tir nim 1993 va hinh thanh
cac dé nghi vao thang 7 nam 1995. Cac dé nghi vé audio va video duoc danh gia boi cac
chuyén gia va dua ra ban thao vao thang 11 nam 1997 va tré thanh tiéu chuan qudc té
ISO/IEC vao nim 1999. Nam 2000 MPEG-4 dugc bo xung va nang cap 1én thanh céc version
3va4.

Pic diém chinh cia MPEG-4 1a ma hoa video va audio véi toc do bit rat thip. Thuc té
tiéu chuan dwa ra v6i 3 day téc do bit

- dudi 64 kbps
64 dén 384 kbps

- 384 Kbps dén 4 Mbps
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Pic diém quan trong cua chuan MPEG-4 1a cho phép khoi phuc 16i tai phia thu, vi vay
chuan nén nay dic biét thich hop ddi v6i méi trudng dé xdy ra 16i nhu truyén dit liéu qua cac
thiét bi cAm tay. Nhiing profile va level khac trong MPEG-4 cho phép sir dung toc do bit 1én
dén 38.4 Mbps va viéc xur 1y chét luong studio can cac profile va level 1én dén 1.2Gbps.

MPEG-4 14 chuan qudc té dau tién danh cho ma hoa cac ddi twong (object) video. Vi
d6 linh dong va hiéu qua do ma hoa timg ddi tuong video, MPEG-4 dat yéu ciu tmg dung cho
cac dich vu ndi dung video c6 tinh twong tac va cac dich vu truyén théng video truc tiép hay
luu trit. Trong MPEG-4, khung anh cta mot d6i twong video (hay con goi 12 phang ddi tuong
video) duoc ma hod riéng 1&. Su cach ly cac ddi twong video nhu vy mang dén d6 mém déo
hon cho viéc thuc hi¢n ma hod thich nghi l1am tang hi€u qua nén tinh hiéu. Méac du tap trung
vao nhiing tng dung tdc do bit thap nhung MPEG-4 ciing bao gdm ca studio chat luong cao
va HDTV

Céc dbi tuong khac nhau trong mot canh goc c6 thé dugc ma hoa va truyén di riéng biét
nhu 12 video object va audio object va dugc két hop tr lai tai bd giai ma. Cac loai object khac
nhau s& dugc mi héa véi nhitng k¥ thuat khac nhau va voi cac cong cu phi hop nhat. Nhimng
object khac nhau c6 thé dugc tao ra mot cach doc lap va trong mot vai truong hop mot canh
c¢6 thé phén tich riéng thanh object nén (background) va object can canh. Vi du: doan video
quay tran bong da duoc xir Iy dé tach riéng qua bong ra khoi canh san co. Background (canh
khong c6 qua bong ) s& duge truyén di va ai ciing co thé thidy game dé thu hat khan gia nhung
chi nhirg ngudi co tra tién méi thay qua bong.

Hinh 2.3.24 cho thay cac khai niém chung vé qua trinh ma hoa va giai ma cac ddi tugng
ddc lap trong chuan nén MPEG-4.

Ma hé Giai ma
Bo :|’> oita)jegta :{} :|’> c;sjlerzta :(>

tach De Téng

May : M4 hoa Mul Giai ma :

cac L mul iai ma hap Man
quay :D object :> object :"> 2 tip :> object :"> dsi :D hinh
gides trong [ lex tudgng

s ——
" B obiet [V =) obiect [

Hinh 2.3.24 Nguyén ly ma hoa tin hi¢u hinh anh trong MPEG-4

Nhu d3 biét khong c6 phuong phap ma hoa nao c6 thé goi 13 tdi wu hoan toan. DCT va
phép luwong tir chi tdi wu d6i voi cac anh c6 bing théng gidi han va cac anh ¢6 muc choéi thay
d6i cham nhung s& khong t6i wu voi nhiéu chi tiét anh c6 kich thudce nho thuong xuat hién
trén doan video. Mot vi du don gian néu mot canh c6 xen cic dong chit (text) thi hé théng
thong thuong s& xem cac chir nhu 13 cac chi tiét anh thuong, do d6 sau khi mi héa bang
MPEG-1 hay MPEG2,céc chi tiét nho duoc thém vao voi cach thirc nhu trén sé& tao ra tin hiéu
ning luong cé tan sb cao va cac canh ciia dong chir s& khong dugc ma hoa tét bai DCT

Do d6 viéc thém chir vao anh hudng rat 16n dén hiéu suat ma hoa video. Tuy nhién c6
thé ma hoa cac chir theo mot cach don gian nhu cac ky tu thudéc ma ASCIIL, vi tri, font, kich
thudc, mau, thong tin vé khong gian c6 thé duoc thém vao voi sd bit trong ddi nho. Nhung dé
1am diéu nay bo giai ma can phai c6 kha ning tao ra cac title tir nhitng thong tin dugc cung
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cap va khoa cac title nay khi qua bd giai ma video trudc khi hién thi. Viéc giai ma ludng bit
video MPEG-4 yéu ciu bd giai ma c6 nhiéu co ché giai ma va kha niang thuc hién cac hoat
dong da hop. Trong MPEG-4 ¢6 thé truyén nhiéu ludng text va viéc chon & b giai mi ludng
nao trong s6 nhimg ludng trén két hop voi video. Viée lya chon nay c6 thé do ngudi xem
quyét dinh hodc do cac thong tin khac dugc truyén trong ludng bit.

Ba dic tinh rat quan trong cia MPEG-4 la:

- Nhiéu object c6 thé duge ma hoa véi cac ki thuat khac nhau va két hop lai & bo
giai ma
- Cac object c6 thé 1a cac canh c6 duoc tir camera hay tu tao nhu text

- Cac thong tin trong ludng bit ¢ thé hién thi nhiéu dang khac nhau tir cing mot
ludng bit (tiy theo lwa chon ngudi xem chiang han nhu ngon ngi)

MPEG-4 cho kha ning ma héa video va audio hon han MPEG-2 ciing nhu kha ning
khoi phuc 18i. Tuy nhién stitc manh that su cia MPEG-4 13 cac ung dung mé&i ma c6 thé xay
dung dua vao viéc ma hoa doc 1ap cac object cho hiéu suat mi cao hon, va viéc tach riéng cac
object cho phép tuong tac cac object voi nhau dic biét 1a cac chuong trinh gido duc va cac tro
choi. Va ciing do kha ning tach biét cac object ma c6 thé thay doi ty 1é tam thoi chiang han
nhu van duy tri d6 phan giai cta cac object can canh quan trong nhung giam anh phong xudng
tdc do thap hon néu hé thong str dung ¢ bang thong bi han ché hodc thiéu tai nguyén (bd nhd,
téc do tinh)

Tuy nhién ciing c6 mot sé nhugc diém 13 b giai ma phai ¢ kha nang giai ma hét tat ca
cac ludng bit ma n6 hé trg va co kha ning két hop. Do d6 phan cimg cua bd giai md MPEG-4
phtic tap hon so véi bd giai ma MPEG-2. Va ngay nay thi cang c6 nhiéu bd ma thyc hién giai
mé bang phan mém nhung bo giai ma bang phan cimg c6 thé bi han ché vé kha ning linh hoat

2.3.3.11.1 Video trong MPEG-4

Trude khi tim hiéu ky thuat nén video trong MPEG-4 can tim hiéu cau triic cia mot
canh video dwoc MPEG-4 dinh nghia. Mot canh tiéu biéu bao gdm phong anh (background)
mot hodc nhiéu d6i tuong can anh (foreground) chéng han nhu d6 vat, mot hodc nhiéu nguoi
va mot vai phﬁn ter d6 hoa. Trong MPEG-1 va 2 mot canh dugc léy mau mot 1an cho mot
khung va tao ra cac bitmap s& dwoc ma hoéa. MPEG-4 ciing 1am viéc giéng nhu vay nhung nd
c6 thé giai quyét timg ddi twong riéng r&. Dé don gian hon c6 thé khong xét dén cac do vt
nhu vdy ngoai cac thanh phén dd hoa canh bao gém background, mot ngudi duge xem la
foreground. Vi du: nguoi du bao thoi tiét dimg truée nén mau xanh bién hay xanh 14 cay va
mot nén (background) khéc ching han nhu ban do thoi tiét goi 1a “chroma keyed”. Trong
studio anh mot nguoi dung trude nén mau s& duogc xtr ly dé loai bo nén mau va tao thanh “key
signal” hay alpha channel dién ta hinh dang cta ngudi can canh. Théng tin vé hinh dang
nguoi s& duoc két hop véi thanh phan canh. Noi ngudi dimg thi canh nén dugc thay thé bang
anh nguoi va nhing noi khac cta anh nén thi khong thay déi. Trong thuat ngit cia MPEG-4
thi ngudi can anh duge xem 1a ddi tuong video (video object) duge twong trung béi hai phan
tu 1a anh video ctia nguoi goi la “texture” va key signal hay alpha channel dugc xem la shape.
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2.3.3.11.2 Cép d6 cua video MPEG-4

Trudc tién object phai duoc 1dy mau. Hau hét cac object duoc 14y mau trong khoang
thoi gian khong doi (goi 1a frame) va mdi thoi gian 1dy mau duoc goi 1a video object plane
(VOP). Nhu viy mdi object trong mot canh dugc tugng trung bdi 1 chudi cac VOP ngoai trix
cac object tinh c6 thé dung mot VOP.

VOP bao gdm dir liéu texture va thong tin vé duong nét (shape) c6 dang chir nhat hoic
dir liéu dudng nét phirc tap két hop v6i object. VOP ciing giébng nhu cic frame cia cac
version trude cia MPEG c6 thé duge ma hoa véi intradata hodc sir dung bu chuyén dong.

Tiép theo 1a nhém cac VOP véi nhau thanh GOV (Group of video object planes). GOV
tuong ty nhu GOP (group of pictures) cia MEPG trudc va cung cip diém trong ludng bit ma
VOP dugc ma hoa doc 1ap véi cac VOP khac va nhu thé né cung cap cac diém truy xuit ngiu
nhién trong ludng bit

VOL (Video object layer) cho phép thay d6i ty 16 ma hoéa chudi cac VOP hoic GOV.
Nhiéu VOL tuong tng v6i nhiéu ty 1¢ cta chudi (VOP hodc GOV) va mdi ty 1& phu hop véi
mot tip cac tai nguyén co thé thong thudng gidi han bing thong hodc gidi han kha ning tinh
toan. Mtrc video object (VO) bao gdm moi thanh phan trong ludng bit mé ta d6i twong video
dac biét.

Cudi cung 1a Video session (VS) 1a mirc video cao nhét cia canh MPEG-4 bao gdm tat
ca d6i twong video ca ty nhién va ty tao trong mot canh.

2.3.3.11.3 Ma hoa duong nét (shape)

C6 hai loai duong nét véi ddi twong video trong MPEG-4 1a chir nhat va tiy y. Dang
chir nhat chi don thuan 13 chi pham vi ciia anh nén it quan trong. Tuy nhién né van duoc ding
dé tang tinh linh hoat trong cac chuén trude. Chéng han trong MPEG-2 pham vi ctia &nh duogc
mé hoa trong phan header cua ludng bit. Trong MPEG-4 kich thudc chit nhat ctia ddi tugng
video nén don gian 1a co thé so sanh nhung ciing c6 thé c6 cac dbi twong chir nhat khac trong
cung mot session nhu anh trong anh (picture in picture).

Pudng nét ciing tugng trung cho ddi twong video va ¢ bat ky diém nao trong mit phing
anh no6 xac dinh c6 ddi tuong nao duoc két hop voi no thi co thé nhin théy dugc. Puong nét
dang chit nhat dugc goi 1a mask va co6 kich thudc cod thé thay ddi theo kich thude ngang va
doc 16n nhét ciia dbi tugng. Ca hai kich thuéc ngang va doc clia mask 13 boi s6 cua 16 pixel.

Duong nét tuy y co thé duge ma hoa nhu dit liéu nhj phan hodc dur liéu xam. Pudng nét
nhi phan 1a dang don gian nhat chi ra ddi twong 13 rd rang hay khong rd rang (thdy duoc hodc
khong thay) & bat ky diém da cho.

2.3.3.11.4 Ma hoa texture

Ma hoa texture, la thuat nglr trong MPEG-4 tuong Gng v6i viéc ma hoéa dir licu anh
chuyén dong, dya vao ma hoa MPEG-2 c6 m¢ rdng va cai tién. Cac ddi tuong video co thé
dugec méd hoa véi I-VOP, P-VOP, B-VOP. Hau hét cac profile MPEG-4 déu str dung tiéu
chuin 4:2:0 va YUV dé mo6 ta ddi tuong video texture.
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Trong MPEG-4 khong phai tat ca cac ddi twong video c6 cung kich thude va viéc ma
hoa texture chi can thiét ¢ nhitng khu vyc 14 mot phan ciia d6i twong. Pdi véi nhimng ddi
tugng chir nhat thi don gian chon kich thudc 13 bdi s6 cta 16 pixel (mdt macroblock) theo
mdi hudng va tit ca cac macroblock s& dugc xir 1y. Ddi voi cac dbi tugng cd dudng nét phic
tap thi duong bién (boundary) duoc dinh nghia Ia tin hi¢u duong nét (shape signal). Pham vi
ctia di twong ciing dugc dinh nghia boi ddy hinh chit nhat cac macroblock nhung ma hoa
texture duoc thuc hién ddi véi toan b cac macroblock trén duong bién hodc phan bén trong
duong bién ddi tugng

[-VOP dugc ma héa nhu khung I trong MPEG-2. MPEG-4 st dung b0 du doan thich
g d6i véi cac gia tri DC. BO du doan ciing xac dinh gradient do sang ngang va doc va du
doan gia tri DC tir cac khoi & trén va bén trai theo hudng cua gradient nho hon

Sy tuong quan ctia cac anh ngoai viéc ¢6 loi cho du doan hé sé DC con giup viéc ma
hoa cac hé sé6 AC. Nhitng ving texture giong nhau sé& tao ra mot diy cac hé sé6 AC giéng
nhau sau khi bién d6i DCT. Cac hé sé6 AC quan trong nhét twong trung cho ning lugng 16n
nhat cua texture giébng nhau rat nhiéu (c6 loi cho quéa trinh ma hoéa). Cac hé s6 nay thong
thudng 1a cac hé s khac zero trong hang dau tién hodc cot dau tién, chung thuong dugc luong
tr héa véi mirc do chinh xac cao nhét. Trong MPEG-4 cac hé sé AC cua hang dau tién hoic
cot dau tién duoc du dodn tir cac khdi ngay & trén va bén trai.

Viéc luong tir cac hé sb cling tuong tu nhu phuong phap st dung trong MPEG-2 nhung
co ché quét cac hé s6 va ma hoa voi chiéu dai tir ma thay doi thi duoc cai tién hon.

Cac phuong phap dugc chon dé doc hé sb ra dugc xac dinh dyua vao qué trinh dy doan
DC. Khi khong c6 dy doan DC thi quét zigzag nhu trong MPEG-2 dugc st dung. Néu hé sd
DC dugc dy doan tir khéi phia bén trai thi str dung quét doc ludn phién (Alternate-vertical
scanning) 1a hé théng quét s€ doc theo chiéu doc trudc tién. Tuy nhién néu hé sb DC duoc du
doan tir cac khdi o trén thi chon quét ngang luan phién (Altrenate Horziontal scan).

Dé cai thién hiéu qua ciia bd ma hoa ¢é chiéu dai thay dbi (VLC) trong MPEG-4 ding
hai bang VLC khac nhau.

2.3.3.11.5 Ma hoéa duong bién

Kha ning mi héa nhitng d6i tuong c6 duong nét tiy y thuong gip nhitng tinh hudng
dic biét & duong bién cta ddi tuong. Khi d6, cac khdi nam bén ngoai dudng bién thi khong
can mi hoa texture. Nhung tat ca nhiing khdi bén trong duong bién duoc ma hoa theo cac ki
thut da trinh bay. Ma hoa texture can cho cic khdi duong bién nhung trong cac khéi d6 chi
c6 mot phan thudc ddi twong. Trudc khi ma hoa duong bién, nguoi ta thuc hién bién phap
"dém" (padding) cac khdi nay. Nhitng pixel khong phai 1a thanh phan cta d6i tugng duge gan
cho nhiing gi4 tri baing nhau va bang vdi gia tri trung binh ciia tit ca cac pixel trong phan dbi
tuong. Gia tri cia cac pixel bén trong ddi tuong khong thay doi. Viéc thay dbi gia tri bén
ngoai ddi trong khong anh huong dén két qua sau cung boi vi cac pixel nay khong duogc hién
thi. Qua trinh trén dugc xem 1a 1am giam thiéu nang lugng cua cac hé s6 khi bién d6i DCT
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2.3.3.11.6 Sprites

MPEG-4 c6 mét loai d6i twong khac thudng dugc dung 1am canh nén 1a sprite. Sprite 13
dbi tugng video thudng c6 kich thudc 16n hon man hinh hién thi. Sprite 1a ddi twong duoc st
dung lién tyc trong mot canh (twong ty nhu canh nén tinh). Thong thudng mot canh cta game
bao gébm canh nén va mot s dbi twong nhan tao di chuyén theo kich ban cta game va hanh
dong cua ngudi choi. Trong qué trinh hanh dong canh duoc nhin thiy chi 13 mot ving nho
trong canh nén, ving nay 1a thanh phan cta cing mét anh tinh (Hinh 2.3.25). MPEG-4 cung
cap kha ning truyén toan bd canh nén nhu sprite va kha ning tao canh khic nhau bang cach
truyén cac thong tin cropping va wraping dé xac dinh phan sprite s& duoc hién thi & mot thoi
diém nhét dinh. Sau khi sprite dugc truyén di thi chi c6 thong tin cropping/wraping cho sprite
va cac ddi tuong can anh (foreground) can dugc truyén. Trong game dién hinh mdi phan cta
sprite c6 thé dugc str dung nhiéu 1an vi thé luong dir liéu can truyén s& giam dang ké.

Spritg
(Canh nen)

Ctra s man hinh

Hinh 2.3.25 Canh nén (sprite) dugc truyén di c6 kich thudc 16n hon kha ning hién thi
cia man hinh

Viéc truyén toan bo sprite ngay khi bat ddu chuong trinh c¢6 thé rat hiéu qua nhung sé
lam tang bang thong va thoi gian truyén trude khi hoat dong c6 thé bat dau. MPEG-4 st dung
phuong phap sau dé tranh van dé nay. Sprite c6 thé truyén timg phan khi can. Mot phan sprite
can thiét tai thoi diém tirc thoi sé duoc truyén di. Tét ca cac canh sprite s& dugc luu trlt & b
giai ma nhu 13 mot phan cua sprite. Theo phuong phap khéc, sprite co thé duoc ma hoa lién
tiép va truyén di toan bo véi d6 phan giai thap va do phan giai cao hon s& dugc truyén sau.

Sprite duoc md hoa nhu tin hiéu chéi v6i hai thanh phdn mau nhu trong MPEG trudc va
ludn dugc ma Intra bai vi ban cht cta anh 1a tinh.

2.3.3.11.7 Animations

Nhu d3 biét mét trong sd nhitng diém manh cia MPEG-4 1a kha ning truyén ca d6i
tuong tu nhién ciing nhu cac d6i twong dugc tu tao ra (vi du hinh animation) va két hop chung
0 bo gidi ma. Mot trong nhiéu kha nang thu vi sir dung ddi tuong nhan tao 1a mat nguoi hoat
hinh (facial animation). Pay ciling 1a mdt vi du khac cua vi¢c anh xa texture thanh duong nét
chuyén dong nhung trong truong hop nay dudng nét duoc chi dinh boi mé hinh luéi hay mé
hinh 3D dugc hinh thanh béi cac node. Vi tri ctia mdi node dugc ma héa str dung ma hoa du
doan trudc dé ting hiéu suat ma khi duong nét ciia khudén mit thay doi.
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Version 2 ctia MPEG-4 ¢6 thé thém vao than hinh (body) dong. Than hinh 1a mot dbi
tugng c6 thé tao ra cac md hinh than hinh 4o va dong dudi dang tap hop ludi 3D nhiéu canh.
Hai tap hop cic thong sd dinh nghia cho body: Tap hop cac tham s6 dinh nghia body (BDP-
body definition parameter) va tap hop cac thong sé dong body (BAP - body animation
parameter). Tap BDP dinh nghia tap céc thong sé dé bién d6i body mic dinh thanh cac body
theo yéu cau khach hang v&i bé mit body, kich thuéc body va texture. Cac tham sé dong
body (BAP) cho phép tao ra chuyén dong véi cac mod hinh body khac nhau. Nhu vay, c6 thé
ngay lap tirc nhan BAP tir ludng bit thu ma tao ra su linh hoat cta body. Khi thu dugc, BDP
duoc dung dé bién d6i body chung (body mot ngudi chudn chiang han) thanh cac body riéng
biét dwa vao gia tri cua cac théng sb. Bit ctr thanh phan nao ciing c6 thé tréng. Mot thanh
phan trong c6 thé duoc thay thé bang thanh phan mic dinh twong tng khi body duoc bicu
hién. Cac dic diém mic dinh duoc xem nhu cac dic diém chuan. Cac dic diém nay duoc dinh
nghia nhu sau: ban chan chi dén hudng phia trude, hai canh tay dit ¢ hai bén ctia body voi
1ong ban tay hudng vao trong body. Cac dic diém niy ciing ngdm dinh trong tit ca BAP c¢6
gia tri mac dinh.

Mo hinh body ngudi c6 thé hod tro nhitng ing dung khac nhau tir mé phong chuyén
d6ng thuc cia ngudi dén cong nghé game st dung mé hinh gidng nhu ngudi.

2.3.3.11.8 Scalability

MPEG-4 cung cip ché do phan cip chat lugng tirc thoi va ¢d dinh & mic ddi tuong.
Trong ca hai truong hop, k¥ thuat nay duge str dung dé tao ra 16p co so (base layer) tuong
trung cho chét lugng thip nhat tir ludng bit va mot hodc nhiéu 16p ting cuong (enhancement
layer). Nhitng 16p nay c6 thé dugc tao ra bang viéc ma hoa don gian. Chat lugng hinh anh ¢
thé duoc diéu chinh thé bang hai cach khac nhau. Néu bang thong bi giéi han thi ludng bit
truyén di s& chi bao gém chi 16p co s& hodc 16p co s¢ va mot vai 16p ting cudng bic thip.
Mot cach khac tat ca cac 16p co thé duoc truyén di dén bo giai ma, tai ddy s& quyét dinh
nhitng 16p nao s& duogc st dung dé giai ma. Néu thiét bj hién thi co d6 phén giai thip hoic tai
nguyén tinh toan khong dii thi 16p tang cuong ¢ thé bo qua.

VOPs In Enhancement
[ > N Subtract _'\, Layer

JL Enqqder
Down Up Enhancement

Converter Converter VOL
Base Base
Layer :> Layer Multiplexer >

Encoder Decoder Multiplexer

~Z

s

D

Base layer VOL

Hinh 2.3.26 B ma hoa phan cép chat lugong MPEG-4
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Hinh 2.3.26 m6 ta so d6 khéi cia bd ma héa thuc hién qua trinh phan cap chét lugng
v6i 2 mie ¢b dinh. Cac VOP ngd vao duoc bién doi xudng con do phan giai thip va ma hoa
dé tao ra 16p co s6. Lp co sé duge dua téi ngd ra va téi bo tong hop Multiplexer. Lop co s&
con duge giai ma tai chd va dua téi bd up-converted dé c6 cing do phan giai nhu ngd vao.
Tin hi€u c6 do phan giai cao nay s€ dugc so sanh véi tin hi¢u ngd vao tai bo trir (Subtract),
anh sai biét & dau ra bo trir dwoc mi héa riéng & bo ma hoa 16p ting cudng. Chi y ring mdi
ludng VOP sau khi mi héa tao thanh 16p d6i twong video. Ldp co so st dung ca ma hoa Intra
va Inter trong khi 16p tang cuong chi st dung ma hoéa du doan.

Viéc phan cap chat lugng tam thoi thi don gian hon. Ludng bit dén cia VOP dugc chia
thanh cac ludng nho. S6 VOP duoc yéu cau sé& dugce giri dén bd ma héa 16p co so, phan con
lai dugc giri dén mot hodc nhiéu bo ma hoa ting cudng.

QUa strinh phén cap trong MPEG-4 c6 thé duoc ap dung riéng r& ddi v6i mdi dbi tuong
co so. Diéu nay lam cho qua trinh ma hoa va giai ma triro nén linh dong hon. Chiang han mot
bd giai ma trong hé théng game khong c6 du kha ning dé giai ma tit ca cac dbi tugng & toc
d6 cao nhat c6 thé nén no chi chon giai ma d6i voi canh nén tbc do thap va chip nhan mirc d6
chuyén dong nén bi giut, ddng thoi giai ma véi toe do cao ddi voi cac dbi tugng can anh lam
cho chuyén dong cua chiing min hon

2.3.3.11.9 Ma hoa m¢ rong (ACE: Advanced Coding Extension)

Version 2 ctia MPEG-4 dua ra ba cong cu méi dé cai thién hiéu suat ma hoa d6i voi doi
tugng video. Bao gdm: Bu chuyén dong toan cuc (GMC: global motion compensation), bu
chuyén dong phan tu (quarter pel motion compensation) va DCT hinh dang thich ing (shape-
adative DCT). Céc cong cu ndy cai thién hiéu suit ma dén hon 50% so v&i version 1 tiy theo
loai anh va toc dd bit.

GMC cho phép mi hoa toan bd chuyén dong cua dbi tugng voi mot vai thong sé va cai
thién do phan giai ciia vector chuyén dong bang cach giam sai s6 do du doan va sir dung do
du

Shape-adaptive DCT c6 thé dugc dung dé cai thién hiéu suit ma cua nhiing khbi dudng
bién khi khong phai tat ca cac pixel déu 1a phan tir cta anh. Thay vi sir dung DCT hai chiéu
8x8 thi ding kh6i DCT mét chiéu ddi v6i hang doc duge trude sau d6 dén hang ngang va chi
xét nhimng pixel thude ddi twong, goi 1a cac active pixel.

2.3.3.12 Chudn H.261

Khuyén cao H.261 ctua CCITT la chudn nén cho cac dich vu hoi nghi truyén hinh va
dién thoai truyén hinh qua mang s6 dich vu tich hop ISDN ¢ tbe do nx 64Kbps. Chuén nay co
2 dic tinh quan trong 1a ngudng tré ma hoa tdi da 1a 150ms vi tré nay phu hop vdi truyén
thong video hai chiéu dwa vao cam nhan ctia ngudi xem vé hinh anh phan hoi tryc tiép va dé
dang thuc hién mach tich hop VLSI chi phi thap cho viéc thuong mai hoa san phdm rong rii.

2.3.3.13 Chudn H.263

H.263 14 chuan danh cho video tc d6 thip 46 Kbps dung trong cac img dung hoi nghi
tir xa qua mang PSTN. Chuan nay c6 ca dic tinh cia MPEG-1 va MPEG-2. M4 ho4 video ciia
H.263 dua trén chuan H.261 va thuc chat n6 1a phién ban mé rong cia H.261 v6i phuong
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phap mi hoa video két hop DPCM/DCT. Ca hai chuan nay déu dung k¥ thuat chinh nhu
DCT, bu chuyén dong, ma hoa chiéu dai tir ma thay doi, lugng tir hoa vo hudng va xir 1y trén
cAp macroblock. Duy chi ¢6 khai niém vé khung PB trong H.263 14 kha dic biét, tén PB c6
ngudn goc tir P va B, 1a su két hop ciia P va B.
2.3.4 Ung dung va dinh gis kha ning kinh té ciia cc tiéu chuén nén

Bang 2.3.7 tp hop cac tng dung cta cac tiéu chuin nén. Pinh dang MIPEG c6 han ché
trong tng dung. N6 dugc dung chi yéu trong may ghi hinh bang dia (qué trinh ma hoa va giai
ma trong cung mot don vi).

Béang 2.3.7. Cac ung dung cua cac ti€u chuan nén.

Ung dung Tiéu  chuan bo phan Téc do bit cuc
ma hoa giai cyc dai dai
Videophone H.261 176x144 64 +128 Kbps
Ho6i nghi truyén H.261 352x288 0384 =1.554
hinh MPEG-2 720x576 | Mbps
Truyén hinh cép DPCM 720x576 4...9 Mbps
Truyén hinh MPEG-2 <50 Mbps
MIJPEG 720x576
Studio / san xuat MPEG- <50 Mbps
2A@4:2:2) 1920x1280
HDTV / san xuat MPEG-2 1920x1280 100 Mbps
HDTV / truyén MPEG-2 20 Mbps
dan

Viéc ra doi chuan MPEG-2 da khang dinh wu thé cia MPEG so vi MJPEG khi n6 dap
g dugc tir khau san xuat dén truyén dan va phat song. Vi tiém nang kinh té manh thi viéc
dau tu thiét bi theo chuan MPEG cho tat ca cac khau trong truyén hinh 1a diéu khong ban cii.
Nhung kha nang dau tu cho truyén hinh Viét Nam con han ché, chung ta lai dang ¢ giai doan
nghién ctru va thir nghiém, cho nén vi¢c tim gidi phap thich hgp dam bao diéu kién kinh té,
chat luong hinh anh phu hgp cho timg cong doan 1a van dé can thiét.

Trong khau phat séng, chuan MPEG-2 MP@ML (4:2:0) 1a sy lya chon téi wru ¢6 nguyén
nhan siu sic va c6 yéu to khach quan. Sau sac 1a nguoi ta phai tiét kiém tdi da dai thong ciia
duodng truyén, ting sb lugng chuong trinh. MPEG-2 MP@ML sir dung cac anh I, P, B va nén
v6i hé s6 nén rat cao, giam vén toc ciia dong chuong trinh con rat thip dé phat quang ba téi
cac may thu. Vi du cu thé, phat qua by phat dap cta v¢ tinh c6 dai thong 36 MHz, st dung
nén MPEG-2 ta truyén dugc 10+12 chwong trinh. Yéu t6 khach quan 1a mét ngudi chi cam
nhan vé do phan tich dén mot chimg muc nao d6 1a du. Néu truyén tin hiéu c6 van toc cao
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hon, mat nguoi ciing chi cam nhan thém khong dang 1a bao ma sd lugng chuong trinh phai
giam di dang ké. Piéu d6 dong nghia vai hiéu qua phat song thap. Téom lai, muc dich wu tién
ctia phat quang ba 12 nén lam sao dé phat duoc nhiéu chuong trinh.

Nhu vay, van dé ta quan tdm ¢ ddy 13 Iya chon chudn ndo trong céng doan san xuat hau
ky. D6i voi nén ctia may ghi hinh can phai cha ¥ gitt chat luong tin hiéu con du cho gia cong
xtr 1y trong studio. Cac phuong phép nén trong may ghi hinh s6 thyc chat 1a xir 1y ndi tai trong
may dé giam van toc dong sd ghi 1én bang con vira da thip nham giai quyét kha nhiéu van dé
thuc te.

Pbi v6i MPEG-2, c6 thé sit dung MPEG-2 4:2:2P@ML trong khau hau ky. V& mat chat
luong, néu str dung may ghi cong nghé nén MPEG dung mét loai anh I ciing thuan lgi cho
viéc dung in twong duong M-JPEG. Nhung cach giai quyét nhu thé 1a chua kinh té, vi trong
hé thdng mach theo cong nghé nén MPEG, mach “du doan bu chuyén dong” 1a mach phic tap
nhat va ¢ gia thanh cao ma lai khong sir dung (chi dung mot anh I, khong st dung anh P va
B). Vi muc tiéu phat duoc nhiéu chuong trinh nén phat quang ba sir dung nén MPEG-2 v&i
nhom anh déy du I, P, B va hé sd nén rat cao.

Qua phén tich ¢ trén, ta c6 thé thay rang chudn M-JPEG st dung trong céc thiét bi san
xudt chuong trinh tién dung cho san xuét studio va dung hau ky, 1am k¥ xao véi gia thanh h¢
thong phu hop.
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PHU LUC: CAC TIEU CHUAN MA HOA AM THANH VA
HINH ANH TRONG TRUYEN THONG PA PHUONG TIEN

1. Cac tiéu chuén cia ITU- T cho 4m thanh

Céc tiéu chuan ITU-T cho 4m thanh bao gom G.711: G.722- G.722.1- G.722.2 -
G.723 - G.723.1 - G.726 - G.728 - G.729 + G.729.1 - G.729a

G.711 1a chuan ITU-T dung cho thoai chil yéu trong cac hé thong tong dai, duoc phat
hanh chinh thirc vao nam 1972.

G.711 trinh bay cac miu diéu ché xung mii logarit cho tin hiéu & bang tan thoai, tan sd
lay mau la 8000 mau trong mot giay.

C6 hai giai thuat chinh duoc dinh nghia trong chuan nay, giai thuat p-law dung & khu
vuc Bic My, Nhat va giai thuit A-law dung ¢ khu vuc Chau Au va nhitng nude con lai. Ca
hai giai thuat diéu tinh toan trén mil logarit, nhung giai thuat A-law duoc thiét ké dic biét cho
muc dich thyc hién céc phép tinh trong qua trinh tinh todn sao cho don gian hon, chuin nay
cling dinh nghia mot chudi cac gia tri ma lip lai c6 mirc cong suat 1a 0 dB.

Hai giai thuat p-law duoc ma hoa ¢ dang cac mau PCM tuyé}n tinh 14-bit va A-Law la
13-bit v&i mau {S-bi‘g. Nhu yéy, bo ma hoa G.711 s€ tao dugc luong dir li¢u bit co toc dod
64kbit/gidy voi tan so lay mau la 8kHz.

- GT7221a chuan ITU-T dung cho ma héa tiéng néi bang tan rong hoat dong voi toc do
truyen 32-64 kbit/giay. Cong ngh¢ ma héa dua trén viéc phan chia bang tan ADPCM.

G.722.1 cung cap duoc viéc nén dit liéu v6i tét do bit thip. Mot bién thé méi cua
G722.1 12 G.722.2, dugc biét dudi tén la AMR-WB (Adaptive Multirate Wideband), cho phép
viée nén véi toc d6 thap hon nira, c6 thé dap tng tét véi cac kiéu nén khac nhau cling nhu céc
thay doi dia hinh mang. Trong truong hop sau, bang thong duge tw dong bao ton khi co su
ngh&n mach cao. Khi viéc nghén quay tro vé & mic binh thuong, thi ché d6 toc do bit cao hon
va mic nén thip hon dugc phuc héi.

Chuan G.722 va dit liéu mAu am thanh tai toc d6 16kHz, gap d6i téc do xu 1y tai cac
giao tiep thoai truyen thong, ket qua 1a chat lugong thoai tot hon.

Chuén G.722.1, dugc biét qua tén khac 1a “Siren™”_ [a mot chuin quéc té cho ma hoa
am thanh bang rong ¢ téc d6 24 va 32 kbps (bing thong thoai S0Hz-7kHz, tan s6 lay mau 1a
16 ksps)toc do 16kb/gidy), str dung trong cac hé thong hoi nghi truyén hinh duge phé chuan
vao 30 thang 09 nam 1999.

Chuin G.722.1 13 bd nén dua trén su bién ddi sao cho tbi uu hoa ca am thoai 1an nhac.
D0 phuc tap tinh toan tuong doi thap doi véoi by nén chat luong cao, do tré cua giai thudt cua
hai diém dau cuoi la 40ms.

Phién ban G.722.1/Annex C, dugc phé chuén béi ITU-T vao 14 thang 05 nam 2005,

con duoc biét thong qua tén Siren14™, dugc phat trién boi Polycom vé&i dang khéng can ban
quyeén truyén véi tan so 14kHz (32ksps).
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S6 luong ma héa am thanh bang tan rong ITU ddi khi khong dugc hiéu chinh xAc.
Thuec té, c6 ba loai mi héa co ban phan bié¢t, nhung diéu co chung mdt tén 1a G.722. Pau tién,
G.722 1a ma hoa véi tan s6 7kHz, st dung ADPCM hoat dong voi téc do truyén 48-64kbps.
Mot phién ban khac G.722.1 hoat dong voi toc do dir liéu béng mot nira nhung c6 chat lugng
t6t nhu G.722 vé&i phuong phap mé hoa dya vao nén tang chuyen d6i. Va chuan G.722.2, hoat
dong v6i am thoai bang tan rong véi toc do bit truyén rat thap, sir dung giai thuat CELP-
based.

Vé van dé ban quuyen dén thoi diém nay, glay dang ky ban quyén cho G.722 da het
han, cho nén hién tai chuan nay dugc xem nhu la chuin mién phi. G.722.1 thudc ban quyén
ctia tap doan Polycom va chuan G.722.2 con ¢6 tén la AMR-WB, thudc quyén so hitu cia tap
doan VoiceAge.

G.722.2 (GSM AMR WB)

Adaptive Multi Rate - WideBand hay AMR-WB 13 m6t chuin m3 hoéa tiéng noéi duoc
phat trién sau khi AMR st dung cing céng nghé twong ty nhu ACELP. M4 cung cip chit
lugng am thoai tuyét voi boi vi sir dung bang tan thoai rong hon 50-7000 Hz khi so sanh véi
cac ma am thoai bang hep hi¢n dang dung rong rai trong cac POTS véi 300-3400Hz. AMR-
WB duoc hé théng héa thanh G.722.2, 13 mdt chudn ma hoa Am thoai chuan ITU-T.

Céac trang thai hoat dong cua AM: AMR-WB hoat dong tuong tu AMR voi nhiéu toc do
bit khac nhau gém: 6.60; 8.85; 12.65; 14.25; 15.85; 18.25; 19.85; 23.05 va 23.85 kbps. Tin
hiéu truyén voi toc do thap nhat cho chét luong thoai tot nhat ing véi moi truong khong nhidu
13 12.65 kbps. Tdc do bit cao rat hitu dung trong méi trudng c6 nhidu va trong trudng hop tin
hiéu truyén 1a Aam nhac. Téc d6 bit 6.60 a 8.85 cung cép chat luong chép nhan duoc khi so
sanh véi ma hoa bang tan hep.

AMR-WB dugc chudn hoa cho viée sir dung trong twong lai trong cac hé théng mang
nhu UMTS. Chuan nay cung cép chit lugng thoai tot hon rat nhiéu va dugc chon ding cho
nhiéu mang cii hd trg cho bang rong. Thang 10 ndm 2006, kiém nghiém AMR-WB dau tién
duoc thuc hién trén hé théng mang thuc do T-Mobile va Ericssion phéi hop tai Drc.

G.723 1a mot chun ITU-T méa hoa 4m thoai bang tan rong, 1a chuén mé rong cua G.721
didu ché xung sai phan tuong thich véi téc do truyén 24 va 40 kbps cho cac tmg dung thiét bi
nhan mach sé, hién nay G.723 dugc thay thé bsi chuan G.276, do d6 hién tai chuin nay la 16
thoi.

Chuan G.723.1 1a chuin mé hoa 4m thanh cho thoai véi tinh ning nén thoai trong khung
30 mili gidy, chu ky 7.5ms ciling dugc stt dung. Nhac hoac am tone nhu DTMF hoac fax ton
khéng thé truyén tin cdy v6i chuin ma hoa nay, do d6 mot sé cac phuong phép khac nhuu
G.711 hoic phuong phap ngoai diy bang tan ding dé truyén cac tin higu nay.

Chuédn G.723.1 chii yéu dung trong cac g dung Voice over IP (VoIP) vi yéu cau bang
thong thap. N6 tr¢ thanh chuan ITU-T vao ndm 1995, diéu phirc tap ctia giai thuat 1a yéu cau
1a du6i 16MIPS véi 2.2kByte vé RAM.
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C0 hai toc do bit ma G.723.1 c6 thé hoat dong:

o 6.3 kbit/s (st dung khung 24 byte), dung giai thuat MPC-MLQ (MOS 3.9)
o 5.3 kbit/s (stt dung khung 20 byte) dung giai thuat ACELP (MOS 3.62)

G.726 1a chuin ma hoa tiéng no6i ITU-T ADPCM truyén am thanh v&i céac toc do 16,
24, 32, va 40 kbps. La chuan thay thé cho ca G.721 (ADPCM tbc do 32kbps) va chudn G.723
(ADPCM véi téc do 24 va 40 kbps). G.726 hoat dong vé6i tan sb 1a 16 kbps. Bon tdc do bit
thudng st dung cho chuin G.726 tuong tmg vdi kich thudc cia mot mau theo thir tu 14 2-bits,
3-bits, 4-bits, va 5-bits.

Téc @6 thuong dung 1a 32 kbps, boi vi ddy chinh 1a tbc d6 bang mdt nira so véi chuan
G.711, nhu thé 1am gia ting dung luong ci mang 1én 50%. Thong thudng duogc dung trong
cac mang dién thoai qudc té cling nhu hé théng dién thoai khong day DECT.

G.721 duoc gidi thi¢u lan dau tién vao nam 1984, trong khi chuan G.723 dugc gioi
thiéu vao ndm 1988. Ca hai dugc gop chung thanh chuan G.726 vao nam 1990.

G.727 dugc gidi thiéu ciing thoi diém véi G.726, cling toc do bit nhung t6i wu hon cho
mdi truong PCME Packet Circuit Multiplex Equipment. Diéu nay dat dugc bang cach nhiing
bo luong tir hoa 2 bit vao bd lugng tir hoa 3 bit, cho phép hity bo bit ¢ trong s6 nhd nhat
trong chudi bit truyén ma khong c6 anh hudng xau dén tin hiéu am thoai.

G.728 1a chuan ITU-T ma hoa 4m thoai v6i toc do 16kbps. Cong nghé sir dung 1a LD-
CELP, Low Delay Code Excited Linear Prediction. Do tré ciia ma chi 5 mau ( 0.625 ms). Du
doan tuyén tinh dugc thuc hién tinh todn véi bo loc LPC nguoc bac 50. Ngd vao kich thich
duoc tao ra dé dam bao nhan duogc do loi VQ. Chuén dugc dua ra vao nam 1992 dudi dang
giai thuat ma dau cham dong. Nam 1994, ban dung cho dau cham tinh dugc phat hanh. G.728
c6 toc do 1én dén 2400 bps. Do phirc tap ciia bang ma 1a 30 MIPS, véi yéu cau 2.2kByte vé
RAM.

G.729 la mot giai thl}ét nén dit liéu am thanh dung cho tin hi¢u thoqi, néq tin hiéu am
thanh v6i khung 10 mili gidy. Cac tone nhac nhu DTMF hodc fax khong thé truyén voi by ma
hoa nay, ma phai st dung G.711 hodc phuong phap ngoai bang tan dé truyén cac tin hi¢u nay.

G.729 da s6 ding trong cac ing dung Voice over IP (VoIP) voi yéu cau ‘bang tan thap.
Chuan G.729 hoat dong & toc do 8 kbps, nhung cac phién ban mé rong co thé hoat dong tai
6.4 kbps d6i v6i moi trudng truyén xau va 11.8 kbps voi yéu cau chat lugng thoai tot hon.
Trong thyc té, ngudi ta thuong dung chuan G.729a, tuwong tu nhu G.729 nhung c6 do tinh
toan don gian hon, tuy nhién chuan nay lai khong cho chatl lugng thoai t6t hon.

Phién ban G.729b 13 mot chuan c6 ban quyén, sir dung module VAD dé phat hién tin
hiéu thoai hay phi thoai. N6 ciing bao gdm mot module DTX dung dé quyét dinh nang cép cac
thong s6 nhiéu nén cho tin hiu phi thoai (cac khung nhiéu). Cac khung _nay duoc truyén dé
thyc hién viéc nang cap nay duoc goi la cac khung SID. Mot bo tao nhleu (CNG) ciing dugc
tich hop trong chudn nay, bdi vi trong mot kénh truyén, néu viéc truyen bi dung lai vi ly do
tin hi€u 1a tin hi€u phi thoai, thi site con lai s€ xem nhu dudng két ndi nay bi dut. Vi thé khi
sir dung chuan nay can phai than trong.
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Nhitng nim gan day, chuan G.729 da duoc nghién ctru md rong dé hd tro cho tin hiéu
am thoai bang tan rong va ma hoéa am thanh thanh chuan G.729.1. B6 ma hoa G.729.1 duoc
thiét ké theo mo hinh phan cap, téc do bit va chat luong diéu hiéu chinh don gian bang cach
thire cat giam chudi bit truyén.

G.729.1 thém chirc ning bing tan rong so véi G.729 thong qua cac 16p duoc nhung vao.
L6p dau tién trén cing G.729 (12kps) van 1a dang bang tan hep. 14 kbps thém vao chét luong
bang tan rong thong qua viéc tai tao phd, sir dung dong goi thoi gian va dong goi tan sb (co
tbc do truyén cong thém 1a 2kbps). Cac 16p khac ( ing véi tim bude 2 kbps) thém nhiéu théng
tin vé& ndi dung ctia phd & cic tan sd cao va nhu thé lam gia ting chat lugng tin hiéu.

Cac ma dugc phat trién boi su phéi hop cua cac td chirc: France Telecom, tap doan
Mitsubishi Electric, tap doan Nippon Telegraph va Telephone (NTT), va Université de
Sherbrooke.

2. Céc tiéu chuén ciia ITU- T cho hinh dnh va Video.

Chuén H.261 1a chuin ITU ma hoéa tin hiéu video nam 1990 duoc dua ra dé truyén
trén hé théng dudng day ISDN vdi cac toc do dir liéu 1a s6 nhan ciia 64 kbps. Toc do dir licu
cua giai thuat ma héa dugc dua ra dé c6 thé hoat dong duoc gitra 40 kbps va 2 Mbps. Chuan
hd trg cac khung video CIF va QCIF véi d6 phan gidi 352x288 va 176x144 theo thir ty trong
g (va 4:2:0 miu v&i d6 phan giai mau 1a 176x144 va 88x72 theo thtr tu twong tmg). Chuan
cling xét dén tinh hudéng du phong cho viéc truyén cac hinh voi do phan giai 704x576 ( dugc
hiéu chinh vao nam 1994).

Chuan H.261 1a chuan ma hoa tin hiéu video s6 dau tién duogc 4p dung trong thyuc té.
Viéc thiét ké chuan H.261 1a mot nd luc tién phong, cac chuan ma hoa video toan cau sau nay
(MPEG-1, MPEG-2/H.262, H.263, va ngay ca H.264) cing chu yéu dya trén chuan nay.
Ngoai ra, cac phuong phap dugc sir dung boi hoi dong phat trién H.261 (dung dau la Sakae
Okubo) cong tac phat trién chudn van duoc ung dung trong cic cong viée chuin hoa céac
chuan sau nay trong linh vyuc nay. Giai thuat ma héa sir dung mot hybrid cua sy chuyén dong
ctia wdc doan hinh anh noi tai va ma hoa truyén trong khong gian véi viée lugng tir vo hudng,
phan hinh theo kiéu zig-zac va ma hoa entropy.

2.1 Chudn H.261

Qua trinh co ban cua viéc thiét ké duoc goi la macroblock. Méi Enacroblock bao gém 1
day 16x16 cac mau luma va hay day mau chroma 8x8 dung viéc lay mau 4:2:0 va khong gian
mauYCbCr.

Dy doan hinh anh néi tai thyc hién laoi bo cac du thira tam thoi, v&i cac vector chuyén
dong dugc dung dé hd trg cho viéc bu ma hoa cho viée di dong. Ma di chuyén su dung
chuyén ddi cosin roi rac 8x8 (DCT) dung dé loai bo cac du thira thudc khong gian, va cac hé
s6 bién ddi luong tir dwoc phan hinh theo kiéu zig-zac va ma hoa entropy (ding ma Run-
Level variable-length) dé loai bo cac du thira di thong keé.

Chuan H.261 that su chi dinh rd bang cach nao dé giai ma video. Cac nha thiét ké bo
ma hoa dugc tu do trong viéc dua ra cac giai thuat ma hoa cua riéng ho, ngay ca voi tin hiéu
ngo ra bo ma hoa khong dugc ty nhién nham muc dich c6 thé dugc giai ma bang bat ky bd
giai ma nao mién 1a duoc thiét ké theo ding chudn. Cac bd ma hoa ciing duoc thiét ké tuy ¥
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nham thyc hién qua trinh tién xtr Iy ma chung muén ngd vao video wu tién mic dinh thuc
hién. Mot k¥ thuat hiéu qua trong van dé hau xir Iy tr& thanh phan tir chinh yéu cta cac hé
thng tot nhat dua trén chuan H.261 1a loc giai khoa. N6 thuc hién viéc giam sy xudt hién cia
vat nhan tao nhiu c6 dang hinh khdi gdy ra boi viéc bu di dong theo dang khdi va cac phan
chuyén d6i do viéc thiét ké tao ra. Viéc loc giai khoa di trd thanh mot phan tich hop trong hau
hét cac chuan hién nay, H.264 (ngay cd st dung chuan H.264, viéc hau xu ly van cho phép
thuc hién va c6 thé cho dugc chat lugng cao)

Viéc loc duge dé cap trong viéc chuin hoa c6 anh hudng dén viéc cai tién quan trong
gitra kha nang nén va thiét ké H.261. Tuy nhi€, H.261 van la dinh hudng lich st chinh trong
lanh vuc phat trién ciia ma hoa video.

2.2 Chudn H.262

Chuan H.262 1a mot chuin ma hoéa video s6 ITU-T. Chudn nay lién quan dén phan
video ctia chuan ISO/IEC MPEG-2 (dugc biét dudi cai tén ISO/IEC 13818-2). Chuan nay
duogc phat trién do su hop tac cta ITU-T va cac t6 chic ISO/IEC JTC 1, va tré thanh chuin
chung cho c4 hai to chirc nay. ITU-T Recommendation H.262 va ISO/IEC 13818-2 dugc phat
trién va phat hanh dudi dang 13 chuan quéc té. Hai tai liéu nay mo ta hau hét tat ca cac khia
canh cta chuan.

2.3 Chudn H263

Chuén H.263 1a chuan ma hoa ITU-T thiét ké vao nam 1995/1996 dung cho giai phap
m3 hoa nén tbe do truyén thép cho cac dich vu héi nghi truyén hinh.

Mai dau tién dugc thiét ké trong cac hé théng H.324 (PSTN hoic cac mach chuyén mach
mach khac truyén dich vu hoi nghi truyén hinh va dién thoai truyén hinh), ciing nhu trong cac
hé thégn dung ma H.323 (hoi nghi truyén hinh RTP/IP-based), H.320 (hoi nghi truyén hinh
ISDN-based), RTSP (phuong tién truyén thong dang streaming) va SIP (hdi nghi Internet).
Hau hét n6i dung Flash Video( dung trén cac site nhu YouTube, Google Video, MySpace,
v.v....) dugc ma héa dudi dang dinh dang nay, tuy van co site sir dung ma héa VP6, ho trg
phién ban Flash 8. Tin hiéu video H.263 c6 thé duoc giai ma bang thu vién phi ban quyén
LGPL-licensed dung trong cac chuong trinh nhu ffdshow, VLC media player va MPlayer.

Chuan H.263 duoc phat trién nhu 14 mot phién ban nang cp dua trén chuan H.261, va
chuan MPEG-1, MPEG-2. Phién ban dau tién dugc hoan thanh vao nim 1995 va hoan toan
phu hop trong viéc thay thé cho H.261 véi tat ca cac téc do truyén. Hién tai da c6 cac phién
ban H.263v2 (con goi 1a chuan H.263+ 1998) va chuan H.263v3 (H.263++ 2000).

Chuén ma héa duoc ITU-T sau H.263 1a H.264, con c6 tén 1a AVC va MPEG-4 phan
thir 10. Hau hét cac san pham hoi nghi truyén hinh céng nghé méi hién nay ludn tich hop ca

ba chuin H.264, H.263 va H.261.

2.4 Chudn H264
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Chuan H.264, MPEG-4 Part 10, hay AVC (dung cho Advanced Video Coding), 1a mot
chuin mi héa video sd voi do nén cuc cao, 1a két qua ciia ITU-T Video Coding Experts
Group (VCEG) két hop véi ISO/IEC Moving Picture Experts Group (MPEG), dugc xem la
san pham thuong mai Joint Video Team (JVT). Chuan ITU-T H.264 va ISO/IEC MPEG-
4 Part 10(ISO/IEC 14496-10) tmg dung cic cong nghé 1y tudng. Phién ban nhap dau tién
dugc hoan thanh vao thang 05 nam 2003.

Chuan H.264 duoc dit tén theo cung dong ITU-T H.26x cta cac chuan video, trong khi
téen AVC duogc dat tén dya theo tén du an hop tac, véi tén cia du an la H.26L. Chuén con
duoc goi bang cac tén khac H.264/AVC, AVC/H.264, H.264/MPEG-4 AVC, MPEG-4/H.264
AVC nhiam nh4n manh tinh ké thira. D6i khi, con duoc goi 1a “ma hoa JVT” vé6i Iy do 1a to
chte JVT phat trién.

Muc dich cua du 4an H.264/AVC 1a tao ra mot chuan c6 kha nang cung cép tin hiéu
video chét luong cao véi cac tdc do bit truyén thép, nhod hon hay béng mot nira so voi toe do
clia cac chuan trudc ( nhu MPEG-2, H.263, hay MPEG-4 Part 2) véi tinh tmg dung cao trong
thuc té. Ngoai ra, chudn phai dap (mg yéu cau cung cap cach thic linh dong cho phép chuan
dugc ing dung rong rai trong nhiéu trinh img dung ( vi du cho ca tc do bit cao va thayp hodc
do phan giai cao hodc thép, va chay on dinh trong nhiéu hé théng cling nhu mang ( cho viéc
broadcast, luu trit DVD, mang g6i RTP/IP, va cac hé thong tong dai dang phuong tién ITU-T)

2.5 Chudn JVT

Chuan JVT d3 hoan thanh viéc nang cap, phat trién mot s6 tinh ning mé rong so véi
chuan nguyén thuy, dugc biét dudi tén 1a Fidelity Range Extensions (FRExt). Cac phién ban
mo rong hd trg ma hoa video véi do trung thuc cao bang cach thic gia ting do chinh xac ldy
mau (bao gdm ma hoa 10-bit va 12-bit) voi thong tin mau do phan gai cao (gdm céc cdu tric
ldy mau nhu YUV 4:2:2 va YUV 4:4:4). Mot s tinh ning khac trong du an Fidelity Range
Extensions ( nhu phép bién ddi sé nguyén chuyén mach twong thich 4x4 va 8x8, cic ma tran
trong sb luong tir hda dya trén gidc quan, ma hoa khong méat mat hinh ndi tai hiéu qua, hd trg
cac khong gian mau cong thém va phép bién dbéi mau sé du). Cong viée thiét ké trong du an
dugc hoan thanh vao thang 7 nim 2004 va phién ban nhap dugc ra mit vao thang 09 nim
2004.
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