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LOI NOI PAU

Ngay nay, cong nghé ma hoa video di va dang duoc str dung rat phd bién, tir cac
mg dung truyén théng nhu truyén hinh quang ba, truyén hinh hoi nghi dén cac tng
dung méi xuit hién nhu mang cam bién (sensor), mang giam sat tir xa... Cac cong
nghé déu dya trén mé hinh ma hoa video du doan, véi cac chuin ma héa phd bién nhu
MPEG-2/Video, H264/AVC hay H.265/HEVC. Mac du cho hiéu qua ma hoa cao, do
khai thac c6 hi€u qua thong tin twong quan gitta cac khung hinh tai phia phat, cong
nghé mé hoa nay ciing ludn di ciing véi mirc do yéu cau cao vé do phuc tap thuat toan
tai phia phat, do d6 can nhiing thiét bi hién dai, dat tién ¢ bén phat. M6 hinh ma hoa
nay pht hop véi hé théng truyén hinh quang ba, & d6 dai truyén hinh véi ngudn tai
chinh manh dau tu cac thiét bi dit tién dé phat song. O phia ngudi dung, bd giai ma
kha 1a don gian gitp cho ngudi dung c6 thé d& dang xem cac chuong trinh véi bo dau
thu co6 gid thanh ré.

Cong nghé ngay cang phat trién, cac mod hinh mang video khéc ciing duoc trién
khai trong doi séng, chiang han nhu cic mang video giam sat giao thong, camera an
ninh 13p dit trong cac nha hang, bénh vién... Nhitng hé théng nay c6 doi hoi hoan toan
khac so voi hé thong truyén hinh quang ba 13 yéu cau phan phat don gian, gon nhe, ré
tién trong khi phan phirc tap c6 thé chuyén vé bo xir Iy trung tdm & phia thu, noi s&
duoc dau tu thiét bi tap trung va hién dai hon. Do d6 cac chuin mi hoa video truyén
thdng s& khong con phut hop nita. Yéu cau dit ra 13 phat trién mé hinh ma hoa thé nao
dé don gian phan ma hoa ma van khong lam ton thit dang ké vé hiéu suit nén so voi
cac md hinh truyén thong.

Trong nd lyc dua ra cau tra 10i cho nhu cau mé héa video dap tmg nhu cau thuc
tién nay ndy, mot md hinh ma héa video méi duge nghién ctru, di va dang duoc phat
trién hién nay d6 1a mé hinh mi hoéa video phan tan DVC (Distributed Video Coding).
Mo hinh nay dua trén két qua cua 2 dinh 1y trong thuyét thong tin 1a cac dinh 1y cia
Slepian- Wolf va Wyner- Zip. Theo hudng nghién ctru nay luan van tap trung trinh bay
vé mo hinh mi video phan tan DVC; bén canh do, luan an ciing dua ra mé hinh ma
hoa truyén thong dé phéan tich. Tir d6 luan van dua ra nhiing so sanh danh gia uu,
nhuoc diém ctia m6 hinh méi va cac huéng phat trién tiép theo cho mé hinh nay.



CHUONG 1: CO SO LY THUYET CUA KY THUAT MA HOA VIDEO
TRUYEN THONG

Ra doi tir cach day hon bén muoi nim, mi hoa video da va dang déng mot vai
trd vo cing quan trong trong su phat trién ciing nhu trudng thanh cia truyén thong sd,
truyén hinh va Internet. Chuwong niy s& tip trung vao diém lai mot s k¥ thuat then
chét duoc sir dung trong cic chuan mé hoa video truyén thong.

1.1. Yéu ciu mi héa video

M5t tin hiéu video sb thuong chira mét luong 16n dir licu; do do s€ gap rat nhiéu
kho khan trong viée luu trit va truyén di trén mot kénh truyén c6 bang thong han ché.
Ngoai ra, véi su phat trién ctia khoa hoc k¥ thuat, ngdy nay da san xuat dugc bo cam
bién mau c6 do phan giai 1én dén hang chuc triéu pixel va thuc té da Gmg dung d6 phan
giai nhu 19201080 pixel, hodc 16n hon 1a chuan 2K, 4K. Khi d6 viéc biéu dién cac
thong tin video nay cang ton nhiéu dir liéu hon.

(2) (b)

Video voi d¢ phan gidi 2K Kich thude twong g ciia mét so logi video

Hinh 1.1 M6 ta vi du vé video véi dg phan gidi 2K va kich thiede twong g ciia cdc logi video
khdc nhau.

Do d6 dé c6 thé tiét kiém khong gian luu trit va bang thong kénh truyén thi luon
can phai ma héa (nén) tin hiéu video.

Qua trinh nén anh thyc hién dugc 1a do thong tin trong burc anh c6 td chire, co
trat tu, vi vay néu xem xét ky tinh trat tu, cAu trac cua buc anh s& phat hién va loai bd
dugc cac luong thong tin du thira, chi giit lai cac thong tin quan trong nham giam s
luong bit khi luu trir ciing nhu khi truyén ma van dam bao duoc thong tin hién thi cia
burc anh. Tai dau thu, bo giai ma s& t6 chuc, sip xép lai dugc birc anh xap xi gan chinh
xéc so v6i anh gdc nhung van dam bao thong tin can thiét.



1.2. Cac k¥ thuit ma héa video then chét

Mic du da ra doi tir cach ddy hon bdn muoi nim, trai qua rat nhidu giai doan
phat trién, tir cac chuan MPEG 1 (1992) [1], MPEG 2 (1999) [2], H.264/AVC (2003)
[3] dén chuan H.265/HEVC (2013)[4], cac k¥ thudt cin ban st dung trong ma hoa
video truyén théng nhu k¥ thuat ma hoa sy khac bi¢t, ma hoa trong mién bién ddi co
sin 11 rac, phép luong tir tuyén tinh, phép ndi suy trong anh, lién anh, hay ma hoa
entropy déu duogc giit nguyén lai. Piéu ndy phan anh gia tri khoa hoc sdu sic cua cac
nghién ctru ké trén.

1.2.1. Ma héa sai khdc giira anh thuc té va anh dw dodn

Video 1a mot chudi cac birc anh lién tiép cing mé ta mot ndi dung va chira
dyng mot thong tin, ciu chuyén xuyén sudt nao d6. Do vdy, giita cac buc anh lién
tiép trong video ludn ton tai cac mdi twong quan 1én nhu duge mo ta & hinh 1.2.

Hinh 1.2: Minh hoa sw sai khdc giita 2 khung lién tiép trong day video

Nhin vao 2 khung hinh trén (trong chudi khung lién tiép ciia video), ta ¢ thé
théy su khac biét can ban ndm & vi tri 6 t0, do chuyén dong, nén:

e Khi md hoa hiéu 2 khung hinh (theo pixel twong ung) thi chi can dung mot
luong bit it hon so véi viée ma hoa toan bo thong tin trong anh thuc té.

e Néu c6 cach du dodn khung 2 tir khung 1 dé co sy sai khac giita khung 2 va
khung dy doan thi ma hoa con ¢ thé ton it bit ma hon. Diéu nay 13 kha thi néu c¢6 k¥
thuét du doan tt. Tuy nhién gia phai trd cho du doan tdt, nhu s& ndi & muc sau chinh
la su gia tdng do phuec tap tinh todn tai phia ma hoa.

1.2.2. Mi héa trong mién bién doi

Trong mién diém anh (pixel), cac gia tri du thira thuong khong tip trung ning
lugng mot cach cé hé théng. Do vay, dé nang cao tinh hi€u qua cua ma hoda thong tin
du thira, bién doi 6 sin roi rac (Discrete Cosine Transform - DCT) di duoc thong qua



va sir dung trong cac chuin ma héa video phd bién nhu H.264/AVC [3], H.265/HEVC
[4]. Su tap trung ning luong cia du thira trong mién DCT dugce minh hoa & hinh 1.4.

201 195 188 193 169 157 196 190

193 188 187 201 195 193 213 193 14fg _éz ii :iz 'ai ii :ii :ig
184 192 180 195 182 151 199 193 19 32 -22 =10 22 =20 9 8
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196 195 169 171 159 185 218 175| | 30 _6 13 -12 8 4 -3 -3
214 213 205 170 173 185 206 150| | 25 16 ¢ 24 9 3 3 3
207 205 207 184 180 167 173 160 2 17 4 -6 0 -4 -9 8
198 203 205 186 196 149 159 163 1 -2 6 0 7 -5 -8 =7

(a) Mién pixel (b) Mién DCT

Hinh 1.3: Gid tri cua diém danh trong mién pixel va mién DCT twong iing

Nhu vay, bang cach tap trung ning lugng tai nhitng thanh phéan tan s thap; vi
du: DC, AC1, AC2, AC3,..., cac thong tin tai mién tan s6 cao sé& co thé duoc loai
b6 (théng qua qua trinh lugng tir mo ta ¢ phan tiép theo); do vy, thong tin md hoa
s& dugc giam bot. Can luu ¥ rang, mat nguoi thudng khong nhay cam voi cac thanh
phﬁn tan s cao. Do vay, viéc loai bo mot vai thong tin tai tan sd cao khong hodc rat
it 1am anh huong t6i cam nhan vé chat luong cta hinh anh.

1.2.3. Phép luong tir tuyén tinh

Nhu d3 mo ta & trén, do dic tinh mit ngudi thudng khong nhay cam véi
thanh phan tan sb cao (vi du AC8, ACY,... AC15), viéc loai bd cac thanh phan
tan sb nay sé it gdy anh hudng toi cam nhan cua mit nguoi déi véi bic anh giai
ma tai phia thu. Do vay, mot phép lugng tu tuyén tinh thich hop da duogc su
dung dé loai bo cac thanh phan nay nhu dugc minh hoa & hinh 1.5.



Paura
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Hinh 1.4. M6 hinh phép lwong tir tuyén tinh sir dung trong ma héa video

Phép luong tir muc dich chinh 1a chuyén d6i cac gia tri tin hiéu vao (vi du cac hé
s6 DCT) trong mot khoang (goi 1a khoang lwong tir) toi 1 gid tri cu thé (tin hiéu ra).
Nhu vdy, bang cach chuyén d6i nay, nhiéu hé sé DCT véi gia tri gan nhau va trong
cung khoang luong tir co thé duoc chuyén ddi thanh 1 gia tri luong tir; gitp cho luong
thong tin can phai ma héa dugc giam bét. Tuy nhién, cling can luu ¥ rang, phép luong
tir tuyén tinh chinh 1a thanh phan chinh gy ra ton that ctia chat lugng hinh anh tai tao
tai phia thu.

1.2.4. Cac phép du dodn dnh

O k¥ thuat ma hoa sy sai khac giita anh thyc té va anh du doan (myc 1.2.1) ta da
trao doi vé sy hiéu qua cua viéc ma hoa thdng tin video thong qua viéc ma hoa su sai
khac nay. Su sai khac gitra anh thuc té va anh du doan cang nho, lugng thong tin can
mi hoa cang it va hiéu qua nén sé& cang cao. Do vay, chat luong cta anh du dodn s& 1a
mot trong nhiing yéu td then chdt, anh huong truc tiép to1 hiéu qua nén ctia by ma hoa
video.

Co6 hai ky thuat tao anh du doan co ban 1a ky thuét tao anh dua doan trong khung
(pho bién véi tén goi Intra Prediction) va k¥ thuat tao anh dy doan lién khung (phd
bién v&i tén goi Inter Prediction).



Anh du doan

Anh du thira (sai khac)

Hinh 1.5. M6 ta anh géc, anh dw doan va anh dw thiea [5]

o K¥ thuat du doan anh trong khung (intra prediction): Ky thuat ndy su dung céac
thong tin video da dwoc giai ma trong ciing mot khung hinh dé tao (ngoai suy) ra anh
du doan. Hinh 1.6 m6 ta vé k§ thuat nay.

Ma trude (du doan trong khung)

Khoi hién tai

Phéan khéng ma

Hinh 1.6. Tao anh dy doan trong khung



Nhu vay, co6 thé néi ré“tng k¥ thuat tao anh dy doédn trong khung khai thac mbi tuong
quan vé mit khong gian giita cac khdi anh trong cing mot khung hinh.

e K¥ thuat du doan anh lién khung (inter prediction): Vi k§ thudt nay, thong tin
turong quan gitra cac khdi anh trong cac khung hinh ké tiép nhau duoc sir dung. Nhu
minh hoa ¢ hinh 1.7, cdc khung hinh trudc dé da dugc giai ma tai phia phat s€ duoc
luu trir lai va st dung cho viéc tao anh du dodn lién khung. Do khai thac tinh tuong
quan vé mit thoi gian, ky thuat du doan anh lién khung thuong hiéu qua véi nhiing
video c¢6 it ndi dung chuyén dong hodc dugc ghi lai bdi camera tinh.

A=0
/
4 khung tham chiéu truéc khi ma hoa Khung hién tai

Hinh 1.7. Tao anh dy doan lién khung

1.2.5. Ma hoa Entropy

Gia tri lugng tir ctia sy khéac biét giita thong tin gdc va thong tin dy doan, tao ra &
trén 1a mot chudi cac ky tu, thuong 1a kiéu sd nguyén. Do vay, dé truyén tai duoc, ta
can phai chuyén ddi cac ky tu nay sang chudi cac s6 nhi phan 0, 1.

Céch don gian nhat ¢é ma héa céac gia tri nay 14 ta nhi phan hoa tat ca cac gia tri
lugng tir, sir dung mot sb lugong bit ¢d dinh, vi du 8 bit. Tuy nhién, cach lam nay khong
hiéu qua do do dai tir ma ctia mdi gia tri luong tir trong mot khdi anh c6 thé khac nhau.
Do viy, ma entropy voi d dai thay doi thich ung voi timg khdi anh, timg gia tri lugng
tlr cua diém anh da duogc str dung trong cac chuan ma hoa video truyén thong.

Trong k¥ thuat ma hoa Entropy, xac suat xuat hién cta tir ma duoc sir dung dé
chi dinh d¢ dai cling nhu gia tri cia tor ma cho cac gia tri luong tu. Vi du nhu ma
Huffman [6], v&i xac suét xuét hién cac ky tu dugc cho nhu ¢ bang 1.1 sau:

Bang 1.1. Gia tri luong tir va xac suét tuong ung



Vector X4c Sult p log>(1/p)

=2 0.1 3.32
—1 0.2 2.32
0 0.4 1.32
1 0.2 2.52
2 0.1 3.32

P=0.1

P=0.1

P=0.2

P=0.2

Hinh 1.8. Sur dung thudt todan cdy tao ra tir ma Huffman

Khi d6, sir dung giai thuat tao ma Huffiman (hinh 1.8), ta c¢6 thé dé dang xac dinh
duoc tir ma twong tng va luong bit can ma hoa ddi véi mdi gia tri lugng tir nhu sau:

Bang 1.2. Tir ma Huffman va luong bit can ma héa tuong tmg

Vector ~ Tiurma Bitsthucté  Bits li tudng

0 1 1 0.32
1 01 2 3.64
—1 001 3 3.84
2 0001 4 5.06
-2 0000 4 5.64

Trong thuc té, ngoai ma Huffman ra thi ma todn hoc (arithmetic coding) thuong
duoc str dung trong cac chuan ma héa video truyén théng nhu duge mo ta ¢ cac muc
sau.



1.3. Cac chuan ma héa video pho bién

1.3.1. Chuin H.264/AVC

a) Kién triic tong qudat
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Hinh 1.9. Kién tric tong qudt ciia chudan H.264/AVC [3]

b) Cdc thanh phan chinh

e Du doan anh trong khung: Chuin H.264/AVC cung cép phép du doan anh
trong khung v&i 9 kha ning lya chon va 2 loai kich ¢& khdi (block) khac nhau
(4x4 va 16x16).

e Du doan anh lién khung: Trong chuin H.264/AVC, du doan anh lién khung
dugc cap nhat véi mot sb cac cong cu hi¢u qua nhu du doan dya trén nhiéu khung
hinh tham khao, du doan B-slides dang lién cép, vector du doan véi do chinh xac
t6i Y4 diém anh, du doan véi cac khdi anh c6 kich ¢& khic nhau, dy doan két hop
co trong sb va thém hai lua chon dy doan nita 1a du doan bo qua va du doan tryc
tiép.

e Phép bién doi ¢ sin roi rac va lugng tir tuyén tinh: H.264/AVC sir dung phép
bién ddi ¢6 sin roi rac cho hai dang kich co& khdi 1a 4x4 va 8x8. Phép luong tr
tuyén tinh tiép tuc dugc sir dung trong chuan H.264/AVC. Can nhin manh rang,
H.264/AVC 1a chuin nén c6 ton thit va thanh phén chinh tao nén su ton that nay
chinh 1a phép luong tu.



e Ma hoa Entropy: H.264/AVC cho phép nguoi dung lya chon mét trong hai phép
mi hoa entropy phd bién va hiéu qua: i) context-adaptive binary arithmetic
coding (CABAC) va ii) context-adaptive variable length coding (CAVLC). Vigc
lga chon phuong phédp ma hoa entropy nao tuy thudc vao muc dich va kha nang
cua nguoi dung. Trong d6, ma CABAC hiéu qua hon CAVLC nhung cling di
kém vo1i su phtrc tap vé mit thuat toan cao hon.

e B{ loc giam nhiéu khéi: Do don vi du doan va ma hoa nho nhat cia chuan nén
video H.264/AVC la cac khdi (kich ¢ tir 4x4 t6i 16x16), khi d6, viéc khoi phuc
lai tin hiéu ban dau s& luén gip phai vin d& voi nhiéu khéi. Do vay, chuan
H.264/AVC stt dung mét bo loc voi cac thong s6 ¢6 thé duoc ciu hinh boi nguoi
dung dé 1am giam cac nhiéu khdi.

Toém lai, voi rat nhiéu cac cong cu mdi, hidu qua, chuan H.264/AVC [3] nang cao
dugc kha nang ma hoa video 18n rat nhiéu so v6i cac chuan truée ¢ nhu chuan H.263
hay MPEG-2/Video [2].

1.3.2. Chuin H.265/HEVC

a) Kién triic tong quat
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Hinh 1.10. Kién triic tong qudt cia chuan H.254/HEVC [4]
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b) Cdc thanh phin chinh

Céu tric don vi mi héa: Mot trong nhiing dic trung khac biét nhat cua chuan
H.265/HEVC so véi cac chuan trude d6 nhu H.264/AVC hoic MPEG-4/Video
chinh 1a chac céu trac lai cac don vi ma hoa. Trong chuan H.264/AVC, don vi ma
hoa co ban 1a cac khdi 16n (Macroblock) véi kich ¢& tdi da 1a 16x16. Trong khi
d6, chuan H.265/HEVC chia cac khbi ma hoa theo cau trac cdy (coding tree
block) véi kich ¢& da dang hon tir 4x4 t6i 64x64. Cau tric ndy dam bao hiéu qua
nén tét hon so voi chuan H.264/AVC khi cac video véi kich ¢& 16n nhu HD, 2K
hay 4K dugc st dung.

Céu tric don vi dw doan va don vi bién d6i: Mdi don vi khdi mé ta & phia trén
dugc phén chia thanh hai cdu tric twong (mg véi hai thanh phan chinh cta chuan
ma héa H.265/HEVC; d6 1a ciu tric don vi du doan va cu tric don vi bién déi.
Pon vi du doan (coding unit) cho phép khdi ma hoa c6 kich ¢ nhé nhit 1a 8x8
d6i v6i thanh phan xam (luma) va 4x4 véi thanh phan mau (chroma). Trong khi
d6, don vi bién ddi co sin roi rac ¢ kich ¢ da dang hon bao gém 4x4, 8x8,
16x16, 32x32.

Phwong phap du doan chuyén déng ndi ving (merge mode): Pay 1a mot
phuong phap du doan méi xuat hién trong chuan H.265/HEVC. Phuong phap nay
ké thira c6 hiéu qua phuong phap du doan bé qua va dy doan truc tiép trong
chuian H.264/AVC mé ta & trén. Trong d6 c6 2 sy khac bi¢t chinh 1a vi¢c gui
thong tin vé véc to chuyén dong duoc lya chon va thong tin vé khung tham khao
dugc st dung

Du do4n dnh trong khung: H.265/HEVC hd tro t6i 35 mode du dodn (so véi 9
mode trong H.264/AVC). Ngoai ra, khéi du doan trong khung c6 thé duoc tao ra
v6i hai loai khi, NxN va 2Nx2N.

Dy doan anh lién khung: Dy doan anh lién khung trong chuan H.265/HEVC
cling cho phép hd trg du doan véc to chuyén dong voi do chinh xac 1én toéi Ya
diém anh (sub-pel). Céc gia tri tai vi tri sub-pel dugc ndi suy dya trén hai bo loc
v6i 7 hodc 8 tham sd cau hinh. Cac khdi hinh sir dung trong du doan anh lién
khung ciing da dang, c6 thé ddi xung hodc khong ddi xung, vi du: 2Nx2N,
2NN, Nx2N, NxN, 2NxnD, nLx2N.

Mi héa Entropy: Khac voi H.264/AVC, chuan H.265/HEVC chi cho phép
nguoi dung st dung ma CABAC; muyc dich 1a ting t6i da hiéu qua nén chuan
H.265/HEVC.

Bo loc giam nhiéu khdi: Mot chut thay d6i, ning cip dugc dé xuit dé giam
nhiéu khéi trong chuan H.265/HEVC.

Bo loc giam nhiéu vong: Py 1a thanh phan méi trong chuidn H.265/HEVC so
v6i cac chuén trude kia nhu H.264/AVC, MPEG 2.4,... Muc dich chinh 1a giam
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nhiéu vong xuat hién trong mo sb khung hinh xuat hién do viéc loai bo thanh
phan tan sé cao & khdi luong tir tuyén tinh.

1.4. Nhwoe diém ciia k§ thuit ma héa video truyén thong

M3 hoéa video truyén thdng dura vao phép du doan va bién ddi co sin roi rac tai phia thu
dang duoc st dung phd bién trong cac tmg dung truyén hinh quang ba, truyén hinh hoi
nghi,... Tuy nhién, cac k¥ thuat nay cting c6 mot s6 nhuoc diém sau.

1.4.1. D¢ phiec tap cao tai phia ma hoa

Trong k¥ thuat truyén thong do phirc tap tinh toan nam chinh 14 & phan do tim
vecto dich chuyén. Cang tim dugc vecto dich chuyén chinh xac bao nhiéu, ma sai khac
cang it bit (nén video cang cao) va chat lugng khoéi phuc anh cang tt. Dé dat dugc
diéu nay tham chi phai do tim chinh x4c dén murc ' hodc Y gia tri diém anh. Song nhur
vay s phép tinh chuan bi cho do tim ndy cang 16n

Ta xét vi du minh hoa sau trong hinh sau:

Khung hién tai

Tl e Khung tham chiéu.-

£
N

B,

m
K&t ndi t&t nhit

Khu vire tim kigm+

S W e i

|
!
|
|
S TN :
I
|
|

-
e
=

5

m
khdi hién tai

Hinh 1.11: Pham vi do tim vecto dich chuyén cua block chira banh xe
Nhin vao hinh vé€ trén ta théy muc ti€u la phai tim vecto dich chuyén d,, cua
block hi¢n tai B,, (tng véi banh xe 6 td), no6 la két qua dich tur block B’,, tir khung
trude c6 sai khac it nhat vai block B’,,. Viée do tim thuc hién theo qui tac:
e Dung tong 15 tuyét ddi giira cac pixel tuong ting
e Vung do tim: phy thudc dai chuyén dong dinh trudc

e Budc do tim: pixel hoac nira pixel
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Eprn(dm) = > | wax +dw) - wi(x)|* —>min

xBm

Dich chuyén gifra block hién tai va block khac it nhat trong tham chiéu s& cho
vecto dich chuyén. Hay block hién tai dugc dy doan tir block tham chiéu va vecto dich
chuyén.

e Su phirc tap cta cia thudt toan do tim chuyén dong:

DPé danh gia hét su phuc tap trong viéc do tim vecto dich chuyén phuc vu du
doéan khung hinh theo thoi gian, ta néu ra tinh todn nhu sau, gia su:

¢ Kich thude khung 1a MxM

¢ Kich thude block 1a NxN

e Vung do tim 1a (-R,R) cho mdi chiéu x,y

e Budc do tim la: pixel

e S4 phép toan trong block N?, trong vung do tim 1a (2R+1)*. N?

e Trong toan bo khung sé la: (M/N)2.(2R+1)%N?

Vidu: M=512, N=16, R=16, 301fps

Tdng s6 phép tinh 1a 2,85.10%/frame hay 8,55.10°/gidy

Néu uéc lugng dich chuyén cé d6 chinh xac nira pixel thi sé phép tinh con ting
1€n nira sau phép noi suy gia tri nura pixel.

o |e] |le| e |e| |e| |@ |
o |o |lel (e || || |e| |
e |e el e (@ |
MR
Block — o] |e| |e|Ye| |el |o| |e| |eo
hién tai 1 (o
T e |e |e| |e| |e| || |@ |e
_lo] |o
e [el10| |o| |le| Je| |e| |e
- e o] |le| |e| |e] |e| |e| |@
Block udc
luong e e |le| |e| |e| |e| |e| |@

Hinh 1.12:Uéc lgng véc to dich chuyén

1.4.2. Khd néng chong chiu nhiéu thip
DPbi v6i cac mo hinh mi hoa video truyén théng, ma sai khac dugc sir dung, cac
thanh phﬁn du doan (trong khung, lién khung) dugc thuc hién tai phia phat; cac thong
tin phu nhu véc to chuyén dong, thong tin du thtra, mode lya chon,...dugc gir téi phia
thu dé tao ra thanh phan du doan twong ty. Tuy nhién, trong diéu kién khong hoan hao
cua kénh truyén, 6 thé c6 nhidu xuit hién; dic biét 1a voi phuong phap du doan lién
13



khung, nhiu hodc goi tin bj mit c6 thé anh hudng truc tiép t6i chat luong anh dy doan
ctia khung hinh hién tai va ca cac khung hinh ké tiép. Do vy, mi hoa video truyén
thdng rat nhay cam véi cac méi truong ¢ nhidu.

Trén co sé nhitng nhuoge diém ké trén, ma hoa video truyén thdng chic chin
khong phu hop véi nhiing img dung truyén théng da phuong tién méi nhu mang cam
bién khong déy, hé thdng didu khién tir xa,...boi cac hé théng nay doi hoi mot hé nén
c6 yéu cau do phirc tap thap ddng thoi cé kha niang hoat dong tot trong ving ¢ nhidu.
Do vay, nghién clru nay s€ tap trung vao gidi thi€u va phan tich mt mé hinh ma hoa
video mdi, té€n goi ma hoda video phan tdn (Distributed Video Coding — DVC) nhu &
cac chuong ké tiép.
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CHUONG 2: CO SO KY THUAT CUA MA VIDEO PHAN TAN

K§ thuat ma hoa video phéan tan (DVC) dugc xay dung va phat trién dya trén nén
tang 1y thuyét thong tin kinh dién, va hai dinh Iy cta Slepian — Wolf [7] (cho mi hoa
khong t6n that) va Wyner — Ziv [8] (cho ma héa c¢6 ton that). Tuy nhién, dé c6 thé hiéu
va so sanh v6i k¥ thuat ma hoa video truyén thong sir dung trong cac chuan. Chuong
nay s& bit dau bang phan trinh bay vé mé hinh ma hoéa video dy doan va tiép theo la
md hinh ma héa video phan tan vdi hai dinh 1y Slepian-Wolf va Wyner-Ziv.

2.1. M4 héa dv doén cb dién
Ly thuyét thong tin da ching minh duoc rang:

e Vi cac ngudn doc 1ap thi toe do tdi thiéu dé ma co giai ma khong 16i chinh 1a
entropy cua nguén, vi du 2 nguén doc lap X va Y thi tdc do tdi thiéu ma la: H(X),
H(Y)

e Vi 2 ngudn théng ké phu thude, vi du X va Y ¢ twong quan thi téc do t6i
thiéu dé ma hoa ma va khoi phu khong 16i 1a H(X,Y)

Vi H(X) + H(Y) > H(X,Y) = H(X) + H(Y|X) = H(Y) + H(X]Y) (2.1)

biéu nay cd nghia la néu khai thac duoc dic tinh phu thudc cua 2 nguén s€ cho
phép giam téc d6 ma hoa dén entropy lién két.

Hai ngudn thong tin phu thudc (c6 tuong quan cao) niy thuc té co thé 1a cac
khung lién tiép cua cung 1 diy video. M4 lién két 2 khung hinh video lién tiép c6 thé
12 m3 mot khung (H(X)) roi mé tiép du doan cia Y dya trén thong tin vé X (H(Y[X))
nhu cong thire (2.1)

Tuy nhién dé c6 H(Y[X) nho nhét, can tim vecto du doan c6 xac suat cao nhat diéu nay
dan dén viéc do tim phic tap trong kiéu méa héa lién két cta ky thuat ma hoa truyén

thong.
X 0 manea | Y | Giaima L, x
y —{ lién két lienkét | ,
Rx > H(X) Ry > H(Y)

Rx,y=Rx+Ry > H(X,Y)
Hinh 2.1: M6 hinh md héa dw dodn cé dién

2.2. Dinh ly Slepian-Wolf

Dinh 1y nay khong doi hoi phai truc tiép ma lién két theo H(X,Y) nhu noi & trén
ma ¢ thé ma 2 nguén phu thudéc mot cach doc Idp ma van khai thac dic tinh phu
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thudc tirc 12 khong 1am mat mat hiéu suat nén, song van phai giai ma lién két. Pidu nay
cho xac suat khoi phuc 6 18i tién dén 0.

Tuy nhién ma doc l4p phai thoa ma 3 diéu kién (bat ding thirc) sau:

Rx + Ry >H(X,Y)

Rx > H(X/Y)

Ry > H(Y/X)

X
Ma hoa
nguén X Rx

A T X’
Ph}_l thudc > Ddng gidi
thong ké ma
> — v
Y
Hinh 2.2: So d6 md nguon phu thudc thong ké
R
. ! Khu vuc
[bits] khéng co
i
Hi Y'} #
C6 xac sudt xay ra 18i
B e
"Ry +Ry =H(X.Y)

H X|Y) H[X) R, [bits]

Hinh 2.3: Biéu do viing ti 1 toc do ma giita 2 nguon X,Y

Hinh 2.3 thé hién réng vung tdc d6 ma co thé khoi phuc tdt ddi vai cac to hop Ry
va Ry khac nhau song tuan theo hé diéu kién trén.

Viéc thyc hién dinh 1y Slepian-Wolf ¢6 thé qua k¥ thuat ma kénh:

Coi X nhu mot phién ban 16i ciia Y (nhu di qua kénh truyén). Trong ma kénh dé
hiéu chinh 15i giai phap 1a chén thém cac bit chan 1¢ (Parity bits) nhim ting thém
khoang cach giita cac tir ma 16n hon 2 1an khodng cdch Ioi.
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Khi d6 néu bén giai ma truy cdp Y nhu thong tin 18 (tir khung trudc), bén ma hoa
s€ ma X béng cac bit chan 1é (tao nén cac tip Coset ma X thudc vé mot trong cac tap
Coset) va giri cac bit chin 1é nay dén bén thu, sau d6 dwa vao Y c6 sin & bén thu khoi
phuc chinh xac dugc X. O k¥ thuat ndy cang it bit chin 1é, hé sd nén cang cao.

Rx= Parity Bits
X

Phu thudc
thong ké

A 4

A 4

Thong tin phu

Hinh 2.4: M6 td dinh li Slepian-Wolf voi thong tin phu

2.3. Pinh ly Winer-Ziv

Pay 1a su mo rong cua dinh 1y Slepian-Wolf v6i ma c6 mit mat cho cac ngudn
phu thudc c6 phan bd Gauss, dinh Iy Wyner-Zip xem xét diém toa do: Rx=(X/Y) va
Ry=H(Y) v6i diéu kién Y dugc biét & bén giai ma nhu thong tin 18, dinh 1y phat biéu
rang: néu 2 ngudn Gauss phu thuéc khong nhé X, Y, & day Y 1a thong tin 1&, duge ma
ddc 1ap voi do0 méo d xac dinh (ma co mét mat), thi s€ khong mét hé sb nén so v6i ma
6 dién khi mi X va khoi phuc X hinh 2.5

Néu théng ké ngudn khong phai 1a Gauss s& c6 sy tang thém tdc d6 ma Wz, R%*
so voi mi truyén théng. Sau nay Zamir di ching minh sy ting téc do giita phuwong
phap WZ va phuong phap truyén théng 1a nho hon hay bang 0.5 bit/mau.

Rwz(d)

Phu thudc
thong keé

Thoéng tin phu

Hinh 2.5: Ma héa mat mét thong tin véi thong tin phy & phan gidi ma
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2.4. Vi du minh hoa

Gia sir X va Y 1a cac dir lidu 3 bit c6 xac sudt bang nhau lay trén 8 t hop. Tuy
nhién X va Y lai twuong quan véi nhau sao cho khoang cdch hamming gifta chiing
nhiéu nhét 1a 1. Vi du néu biét Y 1a 010 thi X chi ¢6 thé 1a 010, 000, 110, 011

Dé mi nén X truyén di co 2 kich ban nhu sau:

Kich banl: Y duoc coi 1a dg doan cia X tir khung trudc (sau khi da bu dich
chuyén). Thing du X &Y chinh 14 sai khac hay 1a 16i du doan X tr Y duoc mi héa va
truyén di chi bang 2 bit truyén di. Day 1a tc d6 nho nhat (c6 thé) dé nén X truyén di.

O day c6 thé coi X 1a mi cua block hién tai trong 1 khung hinh video. Y 1a du
doan ctia X tir bd nhd khung trude (sau khi du doan vecto dich chuyén rdi bu dich
chuyén nay), thong tin ndy cua Y ciing d& dang truy cap dugc & bén thu (khi nhan
duge vecto dich chuyén truyén tir bén phat sang). Tuong quan X,Y 1a twong quan theo
thoi gian gitra X va dy doan Y ciia né nén ma nay thudc loai ma dy dodn (kiéu ma
truyén thong noi trén).

O bén thu tr thong tin X ©Y va Y d& dang khoi phuc lai dugc X.
X eYay=.X)

Nhu ta thay, dé nén hiéu qua phai du doan t6t (lam cho sai khac t6i thiéu va ma
hoéa sai khac it nhat), nén phép do tim vecto dich chuyén 1a phitc tap & bén ma héa .

Kich ban 2:

Bo6 mi hoa X khong can biét Y nhu mot du doan (do d6 khong mat cong can do
tim dich chuyén) va do d6 ciing khong thé ma hoa hiéu gitra 2 gia tri nay dé truyén di.
Tuy nhién né can biét X nhu mét cdu tric twong quan véi khung trude d6 1a Y. Cau
trac nay biéu didn N nhu tap 4m tuong quan theo cong thirc:

X=Y+N

Duya trén gi4 tri clia tap Am tuong quan (dugc mb ta chi tiét & chuong sau) khong
gian tor ma ciia X dugc phan hoach thanh cac tap con goi la coset sao cho cac tr ma
trong coset c6 khoang cach hamming 16n hon 2 1an tap 4m twong quan ndi trén.

Trong vi du trén bén ma hoa chia khong gian tir ma cia X dugc thanh 4 tap con,
moi tap 2 tir ma, chéng han

Coset 1: 000,111

Coset 2: 001,110

Coset 3 010,101

Coset 4 100,011

Chu ¥ 1a khoang cach hamming cta 2 tir mi trong mdi coset 1a 3 16n hon 2 lan
khoang cach Hamming (hay tap am gay nén) gitta X va Y la 1

Bo mi s& ma chi s6 ciia Coset ndo chira X rdi truyén sang bén thu (ciing chi dung
2 bit do c6 4 tap coset, c6 do nén tuong duong kich ban 1). Bén thu sau khi nhan chi sb
coset, s& dung Y 1a giai md cua khung trude dé xac dinh chinh xac X 1a tir nao trong
coset bang cach tim tir ma gan nhat v6i Y. Kiéu ma nay goi 1a ma mang thong tin 18
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Vi du: X 12 110, & bén thu Y caa khung trudce 12 100 (v6i yéu cau tuwong quan X
va Y c6 khoang cach hamming 1a 1). Khi do:

Ma truyén di 1a tap coset 2, trong tap nay co6 2 tr ma 001 va 110, lya chon cudi s&
1a X=110 vi gan Y hon.

O kich ban nay rd rang sw phitc tap chuyén sang bén thu vi néu trong coset co
nhiéu tir ma thi phai do tim tir ma nao c¢6 khoang cach dén Y nho nhat.

Chu ¥ 14 viéc phan hoach X dua theo cAu truc twong quan giita X va Y nén cing
gia tri X trong Coset 3, Y bi 1 13i ¢6 thé nhan 1 trong céc gia tri 010, 110, 000, 011 thi
X van khéi phuc chinh x4c vi Y van théa ma cau tric twong quan. Nhu vay khac véi
ma du dodn, khong c6 su phu thudc xac dinh gitra ma X va gia tri Y du doan ma chi
can c6 ciu trac twong quan nhat dinh gitra X hién tai va Y 1a gia tri khung trudc do.
Kiéu ma nay cung cip kha ning chong nhidu va mét dir liéu cao hon ma truyén thong.
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CHUONG 3: CAC MO HINH THU'C NGHIEM CUA KY THUAT MA
VIDEO PHAN TAN

Mic du cac 1y thuyét vé ma hoa video phan tan di xuat hién tir nhitng nam 70,
tuy nhién cac két qua thuc nghiém, cac mo hinh thuc té cua phuong phap mi hoa
video phan tan méi chi xuat hién ¢ nhitng nam dau thé ky 20. Cu thé 1a su gidi thiéu
ctia hai giai phap ma hoa video phan tan dé& xuit boi nhém nghién ciru tai dai hoc
Standford [9] va hudng thtr hai cia nhém nghién ctru tai dai hoc Berkeley [10].
Chuong nay, do vay, s€ di sdu vao mo ta hai huéng nghién clru nay.

3.1. Giai phap STANFORD

M3 hoa video phan tan theo phuong phap dé xuat tai truong Pai hoc Stanford bai
giao su Bernd Girod [9] 14 giai phap ma hoa video theo mirc 6 khung hinh, két hop
gitta md hoa ngudn va ma hoa kénh, c6 sir dung kénh phan hoi (backward channel) tir
phia thu gui sang phia phat. Tiéu biéu cho hudéng nghién ctru nay 1a bd mi hoa
DISCOVER, dé xuit va xay dung boi nhom nghién ctru tai vién IST, B6 Pao Nha
[11]. Trong giai phap nay, dir li¢u video dugc chia thanh nhém cac khung hinh (Group
of pictures: GOPs). Khung dau tién va cudi cling trong mdi GOP, goi 1a khung chinh,
duge mi hoa theo kiéu ma hoa thong tin du doan truyén théng nhu H.264/AVC [3].
Céc khung duy tri gitta cac khung chinh duoc goi la khung Wyner-Ziv (WZ) va duoc
mi héa bang viéc sir dung k¥ thuat DVC. So véi giai phap Stanford DVC ban dau [8],
bd mi hoa DISCOVER d¢ xuat mot thuat toan GOP thich nghi dya trén ndi dung phan
tich video, k¥ thuat tao thong tin phy hi¢u qua va st dung ma héa kénh LDPC nhu mo
ta ¢ hinh 3.1.

s N
Ma haa Wyner-Ziv M3 hoa Wyner-Ziv |
Khung WZ
; : : I : = - = — r o
Khung WZ !_L:.p'rtqtu' (—I{énh [ I'( P P Eidind tao, duroc giai ma
+=p CT hoawva | i B Jh-l Buf‘Fer| . Al ke *thanh cong/|—# = -
& | mdhoa Eigi ma T ER LY
w4 | chusibit SRR L T et b
- ll — —T S b LI I
(figwsc | '——4-———A————— =
- A o
L% - F, Tinhtoan J3u mé hinh
|vao mEm ) kénhiﬂJ

Khung chinh

s o o Y ST
- Tach Bo ms hos videoy Bo giai m3 video =
khung théngthwdng | thong thuong e
e e _— - i i ™
Bogigima
khung chinh

Hinh 3.1. Kién triic b¢ md héa DISCOVER [11]
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P6i véi khung WZ, ciu tric kham pha thuit nén va giai nén bao gom:

Tai bén ma hoa:

3.1.1. Bién déi va lwong tir héa

Pau tién, bién d6i DCT duoc ap dung trong cac khdi pixel 4 x 4 cia mdi khung
WZ. Hé s6 DCT cua toan bd khung WZ sau d6 dugc nhom lai véi nhau, theo vi tri cua
tung hé s6 DCT trong mot khéi, tao ra mot hé s6 DCT chuin. Mdi chuén DCT sau d6
dugc luong tir hoa déng nhét voi mot sd muc do tuy thudc vao chét lugng dich. béi
véi mdi mdt chudn, cac bits biéu dién luong tir s€ dugc nhom lai véi nhau, tao nén mat
“mat phéng” bit (bitplane), sau d6 dugc ma hoa doc lap.
3.1.2 Ma hoa kénh va by dém

Mot tbe d6 phu hop ma tich lily chin 1¢é mat do thip (Low density parity codes
accumulate: LDPCA) dugc 4p dung v6i mdi chuan DCT bat dau tir bitplane 16n nhat
(most significant bitplane: MSB). Théong tin chan 1¢ tir mdi bitplane duoc luu trit tai
mot ving dém ra va duoc gui thanh timg mang khi c¢6 yéu ciu tir bd giai ma hoa qua
kénh phan hoi.

3.1.3. Ti I¢ wéc tinh t6i thiéu

DISCOVER codec dé& xuidt mot modul mai goi bo udc lugng tde do tbi thiéu
dugc sir dung dé giam sé Syndrom tich trit yéu cau boi bo giai ma, vi vy sé giam sy
phtc tap giai ma toan thé. Toc do tdi thiéu duoc tinh toan dya trén gidi han Wyner-Ziv
RD cuia hai nguén phan bd Gauss twong quan [7].

Tai bén gidi ma:

3.1.4. Tao va khai thac thong tin phu

DISCOVER codec sir dung giai phap ndi suy bu trir chuyén dong (motion
compensated interpolation: MCI) dé tao ra thong tin phu (side information: SI) [12-
13]. Tai MCI, mét trudng chuyén dong gan chuyén dong thuc duoc udc luong giira
trude (qua khir) va sau (hién tai) khung tham chiéu. Sau d6, sy bu trir chuyén dong
gitra hai khung tham chiéu dugc thuc hién dé c6 duogc cac thong tin phu. Thong tin
phu duoc hiéu nhu 13 uéc luong (phién ban tap am) cua khung WZ gbc dé ma hoa.
Chét lugng thong tin phu t6t hon, 18i udc tinh nhé hon dé giai ma chinh xac. Bé
khai thac du thira khong gian, mot phép bién ddi dugc ap, & day 1a phép bién d6i
DCT dugc 4p dung cho thong tin phu mién pixel.
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3.1.5. M6 hinh kénh do va tinh todn dau vao mém

DISCOVER codec sir dung phan bd Laplacian dé 1am mé hinh tap 4m twong quan
(Phan bd 15i gitra DCT chuan twong tng cia SI va khung WZ). Tuy nhién, thay vi st
dung mét quy trinh huin luyén offline dé tinh toan tham sb tap 4m twong quan [9], thi
DISCOVER codec udc tinh cac tham sb nay online va tai by giai ma, theo mdt ki thuat
duoc dé xuét trong [14]. Phuong phap udc lwong tham sé Laplacian sir dung khung dur
thira, nghia 13 su sai khac giira trude va sau khung tham chiéu da bu chuyén dong, nhu
mot su woc tinh thd cua chat lwong SI. M6 hinh phan phdi mau Laplacian sau d6 duoc sir
dung dé chuyén cac hé s6 SI DCT thanh thong tin diu vao mém cho Bo giai ma LDPC.

3.1.6. Gidi méa Kénh va Kiém tra CRC

Khi cac hé sé6 SI DCT va théng ké tap am tuwong quan cho mdi DCT chuén
duoc biét, mdi bitplane dugc giai ma LDPCA (bit dau tir MSB) dé sira 15i bit
trong SI. Trong trudong hop nay, bo gidi ma LDPCA nhan tir bd ma hoéa cadc mang
bit chdn 1¢ ndi tiép theo yéu ciu thong qua kénh phan hoi. Dé diéu khién sb luong
bitplanes can cho sy giai ma thanh cong cua ting bitplane, bd ma hoa s dung
tiéu chan dung yéu cau theo [15]. Vi mot s 131 du thira c6 thé con lai sau viée
ding yéu cau, c6 thé tao nén anh hudng tiéu cuc dén chat lugng khung giai ma,
Mot kiém tra tong CRC dugc truyén dé gitip bo giai ma tim ra va stra cac 18i con
sot lai tai moi bitplane. Sau khi giai ma thanh coéng bitplane MSB ctia mot DCT
chuan, bo giai md LDPCA s& xur 1y voi cac bitplanes con lai cta cung chuan DCT.
Qua trinh d6 1a su tng dung lién tiép cho cac DCT con lai.

3.1.7. Sw khoi phuc va bién déi ngwoc

Sau giai md kénh, tit ca cac bitplanes lién quan dén mdi DCT chuan s& dugc
nhém lai v6i nhau dé tao nén ky hi¢u luong tur gén véi mdi chuén. Ky hiéu lugng tir
duoc giai ma nay sau do duoc két hop véi cac thong tin phu cé san tai bo giai ma dé
khoi phuc hé s6 DCT. Giai phap khoi phuc thuc hién trong DISCOVER codec 14 15i
binh phuong tdi thiéu (MMSE) duoc duya trén giai phap dugc dé xuat trong [16]. Sau
khi tit ca cac DCT chuin dugc khoi phuc, bién ddi cosine nguogc roi rac (Inverse
discrete cosine transform: IDCT) dugc &p dung va nhan dugc khung WZ.

DISCOVER codec cung cép hiéu qua RD canh tranh khi so sdnh véi nhiing bd
codec khac co do phuc tap ma héa twong tu (thdp), cu thé 1a giai phap H.264/AVC
intra.

3.2. Giai phap PRISM

o Giai phapl: PRISM ban dau, 2002 [10] tai PH Bekerley linh dao boi GS
Kannan Ramchadran, sau d6 duoc cai tién dén phién ban cudi 2007 [17], day la loai
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monoview, dya trén block va khong c6 phan hoi va khong cé tinh chét cho kich thude
thay doi.
Trong giai phap kién trac nay c6 2 diém cho phép diéu chinh 1a tré va phan phdi do
phirc tap gitra bén phat va bén thu tuy nhién quan tim hon ca la dén hét d6 phuc tap
cho bén thu.
J Giai phap 2: Ma PRISM co6 thé co dian kich thude, day ciing la loai
monoview, dua trén khéi va khong c6 kénh phan hdi va 1a sy mé rong cua giai phap
1. Muc dich cua kha nang co dan kich thudc 1a cac bd giai ma co thé lua chon cac
tdp con cua dong bit dé cho ra chat luong giai mi ciing nhu d6 phéan giai khac nhau.
Diéu nay dem lai tng dung mém déo trong mang: Cung 1 dong bit gui vao mang cé
thé duoc giai voi TV chat luong cao, cling cd thé giai cho Mobile phone hay cac
thiét bi don gian khac. Pic diém nay ciing mang lai kha ning ty thich nghi véi diéu
kién kénh truyén néu nhu c6 thé bi rét mot s6 go1.
V& co ban so d6 xir Iy ciling gidng nhu giai phap 1 song phai bo sung thém cac khdi
cho phép:
Thay d6i kich thuéc SNR
Thay d6i kich thuéc khong gian
Thay d6i kich thudc thoi gian
o Giai phap 3: Phat trién boi C. Yeo and K. Ramchandran, Multiview, dua trén
block, khong ¢ kénh phan hoi. Dung cho hé nhiéu camera voi nhiéu video view va co
twong quan gitra cac view, tuong quan nay duogc st dung trong ma héa. Phuong phéap
nay khai thac twong quan giita cic camera chong 1én nhau goi 1a hé nhiéu camera phan
tan dam bao chéng 15i cao trong mdi trudng vo tuyén va cho phép giam toc do ma hoa
hon nira, mic dii cac Camera nay khong c6 truyén tin gi cho nhau
Su khéc biét cdu triic trong giai phap nay chi tap trung & bd giai ma, & d6 thong tin tir
nhiéu Camera gui vé duoc téng hop dem lai d¢ tin cay cao.

Duéi day 13 so do khdi cho mi va giai ma cia k¥ thuat nay dugc phat trién boi
M. Contente [18]
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Hinh 3.2: So @6 ma héa va gidi md PRISM [18]

Hé théng nay hoat dong qua 2 budc: Budc huin luyén va budc ma hoa-giai ma.
Sau ddy 12 m6 ta chi tiét vé cac bude nay:

3.2.1. Qud trinh hudn luyén

Qua4 trinh nay dung mot sé diy video dai dién nham danh gia thong ké “tap 4am
tuong quan” phuc vu cho qua trinh mi hoa. Qué trinh nay cho phép khbi mad héa
Syndrome trong bd méd hoa phan loai cac block 8x8 vé lugng twong quan thoi gian va
quyét dinh mat phang bit cho cac hé s DCT duoc mi Intra (do tuong quan thap) va
gui di cac bit ¢ trong sb thap, con cac bit co trong sd 16n (do twong quan cao) dugc
suy tir bo giai ma. Mat phang bit giri dén b thu s& xac dinh téc d6 ma hoa.

Trong tinh hudng tdi wu, sd bit phat cho bén thu tily thudc “tap 4m twong quan”
giira block hién tai va block du doan né tir khung trudc, song nhu thé d& phai do tim
dich chuyén & bén ma héa. Dé tranh diéu nay ta xdy dung trudc cac cap do (16p) turong
quan tr pha huén luyén. Cu thé 1a 16 cép do tuong quan dugc lya chon dé gan cho muc
tuong quan cua mdi hé s trong 64 hé sé DCT (block 8x8). Mdi murc twong quan s&
dugc phan mot s6 bit ma hoa twong img. Tom lai qua trinh huan luyén cé muc tiéu 1a:

e Xac dinh hé mirc “tap 4m twong quan” ctia mdi hé s tng v6i mdi 16p “tap 4m
tuong quan”

e Su dung dic trung théng ké tuong quan cua hé $0, phan tdc dd cho mdi hé sb
tai b ma hoa.

Céc khéi chi tiét & pha huan luyén nhu sau:
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e Khdi phan loai twong quan: Mdi khéi s& so sanh voi khdi cung vi tri & khung
trudc qua dai lwong MSE. Gia tri nhan dugc s& tng véi 1 cap do (10p) trong 16 cap do
tir 0 dén 15

e Pém 10p twong quan: biéu dién bang CC(c) tang 1 sau mdi budc

e Do dich chuyén: Puoc thuc hién béng tinh MSE gitra khdi hién tai va cac khoi
trong 1 cira s6 cua khung trudc dé xac dinh khdi c6 MSE nhé nhét. Cira s6 do chi 1a
16x16 (xung quanh block cing vi tri) (cht y 1a phép do nay c6 tinh udc lugng tho, rat
nhanh, khong giéng véi phép do trong ma truyén thong)

e DCT: 4p dung cho block hién tai va block t6t nhat ¢ khung truée. Két qua ta co
DCT cua ca 2 block

e Xac dinh phuong sai va gia tri trung binh: budc nay xac dinh E(x) va Var(x)
gitra hi¢u tuy¢t ddi ciia mdi hé sd i trong moi cép do c gitra tat ca cdc block va cac du
doan tot nhat ciia nd. Dé tinh gia trj trung binh, bd dém 16p s& chia tong cac sai sb cua
mdi hé sb trong mdi 16p cho sd lan tinh, Var xac dinh (3.1):

Var(x) = E(x?) — E(x)* (3.1)

e X4c dinh tham s6 LRV: tap 4m tuong quan cho mdi hé s6 DCT ¢6 tinh chit nhur
bién ngdu nhién Laplax. Bién nay dwoc dic trung bai ham phan bd tich liiy nhu sau
tuy thudc E(x) va Var(x):

F(x) = S exp (- @) x< 0

F(X)ZI-%exp(- @) x> 0

6 = E(x)

217 = Var(x) (3.2)

Nhu théy & trén, mdi LRV phu thudc 2 tham s& 0 va A, Cac tham sb nay lai
duoc xac dinh dya trén E(x) va Var(x) ciia mdi hé sb i trong 16p c. Piéu ndy sé&
duoc ung véi E(i,c) va Var(i,c). O day tham sé 0 (i,c) don gian 1a bang trung binh
151 tuyét ddi tao ra trude d6 E(i,c). Pé xac dinh A(i,c) phai dung Var(i,c).

2(A(i,c) )* = Var(i,c)

A(ic) = 1/@ (3.3)

e Xac dinh giéd tri tap am tuong quan & miuc hé s6 DCT: viéc x4c dinh
dung CN s€ xac dinh hiéu qua méo-tdc do (RD) cuia b ma héa. Mdi hé sb cua
mdi 16p s& gan véi gia tri LRV, n6 cho phép xac dinh s6 phan trim dudi gié tri
CN la tap am tuong quan cua 1 16p tuong quan xdc dinh khi st dung ddo nguoc
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ctia ham phéan bd tich lily. Ta lwa chon CN théng qua gia tri p. Vi du néu
p=0.99 thi CN 1a gia tri cta trén 99% gié tri tap Am twong quan cta hé sb nay.
Trén thuc té rit quan trong quyét dinh gia tri p nao duoc dung vi n6 s& dinh
nghia gia tri tap 4m twong quan gin voi hé sb mdi 16p:

{ CN(,c) = 0(,c) + AG,c)In(2p)  p<0.5

CN(,¢) = 0(i,c) - 23,¢) In2(1-p)) p>0.5 (3.4)

3.2.2. Quad trinh ma hoa

3.2.2.1. Bién d@oi Cosin

DCT 4p dung cho 64 miu sang (block 8x8, luminance) va ndi nhau theo thir tir
zig-zag. O 1 g v6i hé s6 tan s6 DC c6 gia tri ti 1& v6i trung binh tat ca cdc miu trong
khéi. Céc h¢ sb khac 1a AC.

tang tan s6 quét ngang

t?ng 3|5 |8 (14|17 |27 |30 43
tan

0 4 9 13 | 18 | 26 | 31 | 42 | 44
quet

doc 10 |12 [ 19 [ 25 | 32 | 41 | 45 | 54

21 | 23 | 34 | 39 | 47 | 52 | 96 | 61

22 |35 | 38 | 48 | 51 | 57 | 60 | B2

36 | 37 | 49 | 50 | 58 | 59 | 63 | B4

Hinh 3.3: Quét zig- zag

DCT(u,v) = ﬁ C(w)C(v) f % p(x,y)cos {%} cos {%}

x= y=0

1

Cg) = {ﬁ g=0
I g>0
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3.2.2.2. Luong tur

Phan budc luong tir khac nhau voi cac hé s6 DCT khac nhau, vi mét nguoi co do
nhay khac nhau. Chon budc lwong tir thich hop cho phép ting hé s6 nén va trong khi
giit nguyén chat luong anh, vi mit nguoi it nhay véi tan sé cao nén nhiing hé s6 nay
gan budce lugng tir 16n.

Mi syndromer dua trén khoang cach giita cac tir ma luong tir lién tiép thé hién
bién do lugng tir cac h¢ s6 DCT dé chon mat phéng bit ma (kich thudc coset). Néu tir
ma chua du xa véi nhau, b0 ma syndromer phai tang kich thudc coset cho dam bao
khoang cach.

Luong tr duge gia thiét ¢ thé diéu chinh dwgc chat luong, tirc 1a cho phép tra
gi4 giita 46 nén va chét luong video giai ma. Chit lwong dugc danh s6 tir 1-99 véi 1 1a
chat luong kém nhét hay nén cao nhat. Mdi chi s6 chét lwong gan v6i 1 ma tran luong
ttr vi dy ma tran c6 chat lugng chi sé 50 la:

16 11 10 16 24 40 51 6l
12 12 14 19 26 58 60 55
14 13 16 24 40 57 69 56
14 17 22 29 51 87 80 62
18 22 37 56 68 109 103 77
24 35 55 64 81 104 113 92
49 64 78 87 103 121 120 101
72 .92 95 98 112 100 103 99 |

085 =

Ma tran luong tir tao ra tir lac bat ddu ma hoa. Chat lwong tinh theo phuong trinh:

QSy(u,v) = QSsp(u,v) 10(5)0_ k k> 50

QSk(1,v) = QSso(u,v) % k < 50

Sau d6 la xac dinh ma tran hé sb dugc luong tr QDCT(u,v) tor ma trdn dg 16n
DCT (u,v), qué trinh tinh budc lugng tir khac nhau véi DC va AC:

_[per
QDCTDC_ |: OSk :|
o [DCTw)
QDCT(u.v) = round [ OSk(w.v) J
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3.2.2.3. Phan loai block

Co6 muc dich phan 1 trong 16 16p tap 4m tuwong quan cho mdi block 8x8 trong
khung dugc ma. Thyc hién nhu sau:

a) Khoi phat: day 1a khung dau tién c6 thong tin noi khung (Intra).

b) Xdc dinh MSE: tir khung tha 2 MSE dugc xac dinh cho mdi block trong
khung so v6i khung trudec d6 MSE(xb, yb) & d6 xb, yb 1a chi s6 hang va cot ctia block
trong khung

Cong thue tinh MSE nhu sau:

LSS (6K P

i= Jj=

MSE

¢) Cdp nhdt khung dd qua: Khi cac khdi trong khung da dugc phan loai, nd dugc
luu trir va qua trinh lai quay lai budc b).

Lién quan dén 3 mode ma 1a:

i) Mode block bd qua (skip) khong can bat ky ma bo sung nao, chi tao tdc do
phan loai khéi

i1) Block intra : dugc ma nhu H263

iii) Block inter: dugc ma nhu mo ta sau

3.2.2.4. Ma syndrome

Duya trén 2 phuong phap: (lién két hodc tach biét), chung 1a Ma coset sybdrome
va ma syndrome c6 mit phang bit b6 sung.

Muc ti€u cua ma syndrome nham dat d6 nén véi do phtc tap thép. Ly thuyét cua
n6 (dinh Iy WZ) 1a gia thiét b giai ma truy cap vao thong tin 18, bd sung chiing tuong
quan véi thong tin block hién tai. Trong trudng hop xac dinh thong tin 18 14 khdi da bu
chuyén dong c6 duoc tir khung giai ma trudc d6. Mdi khdi da bu chuyén dong 13 iing
cir vién cua thong tin 18. Néu ciu truc 16i hay phan bd thong ké giira tir ma luong tir
hién tai X va thong tin 18 Y dugce biét (tai muc hé sb DCT) thi co thé giam lugng thong
tin truyén dén bo giai ma dé c6 thé giai ma chinh xac X dya trén Y.

Hi¢u X-Y goi 1a tap 4m tuong quan N, ching khong thé biét chinh xac ¢ bo ma
hoéa ciing nhu ¢ bd giai mi song co6 thé dugc wdc lugng (D6 chinh 13 gia tri CN tai pha
huén luyén). B6 md hoa udc lugng tap 4m tuong quan dung khung gbc ban dau ma
khong can uéc luong dich chuyén (do tim phirc tap) ma dya trén hiéu gitra cac khdi
cung vi tri gan v6i pha hudn luyén dé xac dinh dai tap 4m twong quan.

Chién lugc ma hoa 1a chia khong gian tir md X thanh tip nhiéu tir. cac tip ndy
(chtra cac tir md c6 khoang cach bang nhau) goi 1a coset xac dinh theo chi s hay
syndrome chung, Chi sd niy can it thong tin hon dé biéu dién. Néu khoang cach giira
cac tlr mi trong coset dé dii 16n hon 2 1an CN dugc ude luong thi ¢6 thé khoi phuc tir
ma X dung Y va tap coset dugc phat.
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Coset 1a tip con chon tir tap gdc. Tét ca cac coset phai khong chong 14n 1én nhau
va lap day tap gbc. Trén hinh minh hoa vong tron 16n nhu 13 tap khong gian tir ma X
chira cac tap tor ma nhu cac vong tron nhd cé ban kinh CN. Cac vong tron cung mau
gdn véi 1 coset

X X JGX

€

~
o

© (

Hinh 3.4: M6 hinh md Syndrome [18]

Trén thuc t¢ mbi hé sb duge luong tir khac 0 dugc ma hoa doc 1ap. Chi sb coset
duge dinh nghia boi Clsize() 1a cac bit trong s6 nhe, nd chia khong gian tir ma thanh
28120 ta5 coset khac nhau.

Khoang ciach Hamming giita cac tir ma trong coset 1a 2570

. Bé xac dinh khoang
cach céc gia tri DCT phai nhan khoang cach Hamming vé&i budc luong tir ciia hé sd
xac dinh i, hay 1a QS(i). Dé giai ma thanh cong, khoang cach cac gia tri DCT trong
coset phai 16n hon 2 14n tap 4m tuong quan dinh nghia cho cac hé s6 DCT tuong tng.
QS(I) X 2CISiZe(C,i) > 2 X CN(C,I)

Trong DVC, khong phai tat ca cac hé s trong block déu dugc ma syndrome. 15 hé
s6 zig-zag dau tién duoc ma nhu intra. Piéu nay 1a do luong trong quan ctia mdi hé s &
day khong du 16n. Can chi ¥ 1a nhitng gia tri ndy gan véi sb bit dwoc chon cho CRC.

3.2.2.5. Ma hoa coset sydrome

Qua trinh nay nham xac dinh kich thudc va ma hoa chi sd coset cho mdi hé sb
DCT khac 0 dugc mi hoa syndrome ciia mdi block ma lién khung. Trén thuc té chi s6
coset dugc mi chinh 14 cac bit c¢6 trong sé nho nhat trong mdi hé sé6 DCT tuwong tng
voi bit den.
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Coeff, Coeff: Coeffz Coeffy Coeffs Coeffs

M3i BCH tao ra

CS: | CS; | CSe

BCH kiém tra
bit g t6i b gidi mi

B cicbit bé 6 duoc gii dén b gii ma

. Cac bit kiém tra dwg'c ma hoa

i Cac bit dweoc suy ra & bé gidi ma

Hinh 3.5: Mdt phang bit syndrome [18]
Dé nhan duoc vu diém x4c sudt cao cua cac hé sd zero, 16i ra ctia bd ma c6 4 nhanh.

Qua trinh ma héa coset nhw sau:

e Khoi phat: Nham xac dinh khoang cach tbi thiéu giita cac tir ma luong tir lién
tiép trong mot coset cho mdi hé sé DCT i trong mbi 16p twong quan c. Gia tri tap am
tuong quan CN(c,i) nhan duoc tai cudi pha huan luyén. Bay gio ddi véi mdi hé s6 cia
mdi 16p trung gian, kich thudc chi sd coset hay s bit trong sé nhe nhat Clsize(c,i)
duogc dung dé mi coset dugc xac dinh. Diéu nay dat duogc béng cach tang Clsize(c,i)
bét dau tir 0 dén khi (3.13) duoc thoa mén.

e Tao ma (last, run,level): Mot khdi lugng tir quét zig-zag nhan dugc va ma dung
3 ky hiéu (last, run, level) cho mdi hé sb. Last set=1 khi hé s6 khac 0 cudi cung theo
thtr tu zig-zag két thuc. Run xéc dinh s hé s zero trude hién tai va level chi thi gia tri
hé s6 DCT hién tai khéac zero.

e Xac dinh coset: mdi hé s6 DCT khac zero duge xac dinh boi 1 coset. Budc dau
tién l1a cong 127 voi level hé s6 AC dé nhan duoc sb duong. DC khong dugc lam nhu vay
vi n6 vén 1a s6 nguyén dwong. Khi chi sd coset dugc dinh nghia boi cac bit cudi Clsize(c,
i) cia mdi tir m3 luong tir, duge xac dinh trong budc bat dau, mot phép cong nhi phan
duoc cép gilra gia tri dugc tao ra va mat na véi do dai Clsize(c,1). Vi du néu Clsize(c, 1),
cling dugc goi 1a dd sau, 1a 3 va level 1a -20. Gia tri tao ra 1a -20+127=107 (nhi phén la
0110 1011) véi do sau nay mat na la: 0000 0111, coset dugc xac dinh sé& la: 0110
1011 x 0000 0111=011 (in decimal 3).

e Tao ma (last, run, depth,path): muc ti€u budc nay la ma syndrome véi chir cai
thich hop. Piéu nay thyc hién bang chuyén mi duoc tao ra trudc d6 sang 4 chir céi, no thich
hop hon véi tinh chat ma syndrome. Céc trudng last, run ¢6 ¥ nghia nhu trudc, xac dinh
duong cac hé s6 DCT trong block. Trudng level dugc thay bang depth va path chiu trach
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nhiém biéu dién coset. Depth xac dinh sO bit ctia coset, path luu trir cac bit nhan dién coset.
Trong thuc hanh Depth 13 Clsize va Path bang két qué trong budc trudc.

e Mi entropy: nham c6 wu diém thdng ké cua chit cai 4 nhanh trong budc
trudc. Moi tir ma (Last, Run, Depth, Level) s€ dugc ma dung ma do dai thay dbi.

3.2.2.6. Md héa mdt phdang bit bé sung syndrome

Mo dul ndy nhdm nén va truyén mit phing bit cosey bd sung. Gia tri tap am
tuong quan udc luong tai bd ma hoa khong that chinh xac so véi thuc té. Doi voi da s6
block, gié tri tap 4m twong quan udc lugng 16n hon gia tri that nén giai diéu ché thanh
cong. Tuy nhién cé 1 ty I¢ nho block, gia tri wéc lugng nay nho hon gid tri that, nén
khoan cach tir ma trong coset khong du nén s& chon nhim tng cir vién & bén giai ma.
Va néu 1 sb hé sb giai ma sai din dén CRC duoc truyén dé phat hién ciing khong
thanh cong. Pay 1a gia phai tra cho viéc uwéc lugng tap am twong quan. Dé giam diéu
nay kich thudng cac chi s coset phai ting thém mot lwong dé s6 phan tram giai ma
khong chinh xéac c6 thé chép nhan dugc. Tuy nhién nhu vay lai khong dat dugce dd nén
mong mudn.

Do nguyén nhan ndy mot chién lugc lai ghép duogc trién khai: Thay cho viéc
truyén thém céc bit cho mdi coset, cac bit bd sung dugc truyén phdi hop véi giai ma dé
ding tong kiém tra ngan hon. Cac tir duoc thanh cac tong kiém tra goi 14 tir md mat phang
bit chi s6 bd sung. Bén phia giai ma, tong kiém tra c6 kha ning hiéu chinh mot luong gidi
han chi s6 coset ma bi lwa chon sai do khoang cach tir ma khong du trong coset.

Khi giai ma syndrome két thiic, bd giai ma mat phang bit b sung truy cp tir ma
luong tir d4 giai cho phép tao lai tir md mat phang bit chi s6 bo sung. Pay chinh 1a mot
phién ban 16i ciia tir m3 mit phéng bit bén ma hoa, tr do téng kiém tra s& hiéu chinh
n6. Sau khi hiéu chinh chi sb coset, giai ma s& dung chi sd ting thém nay tién hanh
giai ma lai voi cung nhitng ing cur vién trude do.

Trong bd codec IST-PRISM, cac bit thém (bit xam trong hinh 3.5) dugc ma phbi
hop dung m3 BCH. Phan mi hé théng trong BCH chua bit b6 sung bi loai, chi ¢6 tong
kiém tra dugc truyén di dén bd giai ma. Ma BCH dugc lya chon vi chung kha don gian
va thich hop véi cac khéi nho.

3.2.2.7. Ma CRC

M3a CRC duoc thiét ké dé chon tir ma ding trong cac tmg cir vién, vi c6 nhiéu
g vién trong ctra s6 do tim bén phai giai mi. Trong PRISM ma lia chon 1a CRC-16
co da thirc tao ma la:

X+ xP+x0+1

Cuoi cung ctia bo ma hoéa la viéc tao ra cdc dong bit ¢d cau truc nhu sau:

CT | Syndrome |Intra Coefficients| CRC
2 bits Variable length Variable length | 6 bits
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3.2.3. Qua trinh gidi ma

3.2.3.1. Giai ma syndrome

Muc ti€u la tim tir ma trong coset nhan dugc.

Trude tién 1a xac dinh coset, sau d6 1a hiéu chinh coset dung tong kiém tra BCH
va tlr m3 mit phang bit chi s6 bo sung.

Do c6 nhiéu tng cir vién trong coset cing c6 twong quan véi tir ma can tim nén
can do tim va thir & tim duoc tir ma dang. Phép thir thanh cong khi két hop v6i ma
kiém ta CRC. Chi tiét cac khdi trong bd giai ma nhu sau:

Modul nay c6 chirc nang chon tir ma trong coset sir dung thong tin 18. Thong tin
1& duoc dung nhu mét block DCT dugc luong tir va quét zig-zag.

1) Giai ma entropy

ii) Giai ma chi s coset

ii1) Tao lai ky hi¢u

iv) Giai md mit phang bit bo sung syndrome

3.2.3.2. D6 chuyén dong

Module nay tao ra cac ng cir két hop v6i syndrome nhan duoc dé giai ma dung.
DVC thich hop cho day c6 noi dung chuyén dong gidi han nhu video surveillance and
videotelephony. Véi diy c6 ndi dung chuyén dong thip cac block bu chuyén dong sé&
nam gan nhat block dang giai ma 13 c6 nhiu tvong quan véi nd. D6 1a nguyén nhan
tac gia dung cach quét theo duong xodn dc dé tim céac ung cu.

Hinh 3.6: Chuong trinh quét xodn oc
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CHUONG 4: PANH GIA UU NHUQC PIEM BQ MA HOA DVC

4.1. Piéu kién danh gia

Chuong nay sé dua ra cac kich ban so sanh danh gia md DVC va ma truyén
thdng, tap trung vao danh gia hiéu ning nén va do phic tap cho 4 chudi video véi cac
dic tinh va ndi dung khac nhau. Hinh 4.1. hién thi khung hinh d4u tién cta 4 chudi
video nay.

......

Foreman Hall monitor Coastguard Soccer

Hinh 4.1 M6 ta khung hinh dau tién cia 4 chudi video

Do cac thanh phan mau (Chroma) khong anh huéng déang ké t6i hiéu ning nén
ctia bd ma hoa nén trong thuc nghiém, chi nhitng thanh phan d6 choi (Luma) duoc st
dung dé ma hoa va danh gia so sanh. Cac thong s khac cta chudi video dugc mo ta
tom tit nhu & bang 4.1.

Bang 4.1. Bang mo ta tom tit cac thong sb sir dung danh gia

Tén chudi video Foreman | Hall Monitor Coastguard Soccer
S6 khung hinh 299 329 299 299
Kich co QCIF (176 x 144)
Téc d6 khung hinh 15 Hz
Kich ¢& nhom anh 2 (Key — WZ — Key)
Tham s6 luogng tir QM1, QM3, QM5, QM7
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e Bing lugng tir sir dung cho ma héa DVC

Bang 4.2: Bang lugng tir ma hoéa DVC

Qv QM3 Qms am?
16 8 0 O 32 8 4 0 32 16 8 4 64 32 16 8
8 00 0 8 4 0 0 16 8 4 4 32 16 8 4
0 00O 4 0 0O 8 4 4 0 16 8 4 4
0 0 0O 0 0 0O 4 4 0 0 8 4 4 0

e Cac by ma héa tham chieu:

o H.264/Intra: Day 12 bd mi hoa phd bién, cdu hinh tir chuan H.264/AVC va
duoc tai vé tir [19]; trong do, tit ca cac khung hinh chi st dung phuong phap
ma hoa duy doan trong khung. Do vdy, phuong phap ma hoa nay doi héi thoi
gian ma hoa thip, rat phi hop véi cac ing dung nhu mang sensor,... Can luu ¥
réng, H.264/Intra chinh 1a ddi tugng so sanh chinh cua bd ma hoéa video phan
tan DVC.

o H.264/No ME: Pay ciing 1a bd ma hoa video phd bién, cdu hinh tir chuan
H.264/AVC va dugc tai vé tir [19]. Tuy nhién, khong chi phuong phap du doan
trong khung ma ca lién khung véi gia thiét vector du doan bang khong duoc st

dung. Trong bd ma hoa nay, phuwong phap udc lugng vector chuyén dong khong
duoc sir dung. Do vy, yéu cau thoi gian md hoa ciing rat thap. Tuy nhién, do
c6 khai thac tinh tuong quan giita cac khung tai phia ma hoa, bo ma hoa nay rat
nhay cam véi cac nhiéu lién khung. .

o DVC-UET: Pay la bo ma hoa dugc trinh bay va phan tich trong luan van nay.
B ma héa dugc xay dung tai Visual Processing and Communications Group,
VNU-UET [20] va dyga trén mo hinh cua nhém nghién ctru tai dai hoc Stanford.
Trong d6, cac khung hinh (key frames) dugc ma hoéa voi H.264/AVC Intra boi
bd md hoa H.264/AVC Intra mang lai hiéu ning nén cao dong thoi yéu cau do
phtc tap thdp nhét do khong khai thac bo udc lwong chuyén dong tai phia phat.
Céc gia tri lugng t&r cho khung chinh dugc lya chon véi muc ti€u 1a co chat
lugng video dugc gidi ma gﬁn nhu lién tuc cho toan bd cac khung hinh va duogc
mo ta nhu & bang 4.3.
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Bang 4.3: Gia tri lugng tir cho khung chinh tai GOP=2, QCIF 15Hz

Sequences OM1 OoM3 OM>5 oM7
Foreman 40 38 34 29

Hall Monitor 37 36 33 29

Coastguard 38 37 30 30
Soccer 44 41 36 31

4.2. Panh gia hi¢u nang nén

Hiéu nang nén 1a mot trong nhiing yéu cau dau tién va quan trong nhat d6i voi
cac phuong phap méd hoa video; mot phuong phap dugc danh gia 1a tot néu hiéu ning
nén cuia nd cao hon so voi cac phuong phap trude do. Trong viéc danh gid hi¢u nang
nén cua ma hoa video, mdi twong quan giita chat lugng hinh anh sau giai ma, do bang
gia tri dinh cua tin hi€u trén tap 4m (Peak Signal to Noise Ration — PSNR) va lugng bit
can str dung dé ma hoa (bitrate — bit per second — bps). Trong d6, PSNR duoc xac dinh
nhu sau:

2
PSNR =10log,, 255
MSE

MSE: Mean Squared Error 13 gi4 tri trung binh binh phwong 18i (su khac biét)
gitta tin hi€u trude va sau giai ma.

Trén co s& d6, viéc danh gia hiéu ning nén va so sanh véi chuan H.264/AVC
dugc xéac dinh cho 4 truong hop luong tir khdc nhau nhu mo td & bang 4.2 va 4.3.
Hinh 4.2 d@n 4.5 thé hién biéu dd so sanh hiéu ning nén cho cac chudi video duoc
danh gia.
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100 200 300 400
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Hinh 4.2: Biéu do so sanh hiéu nang nén - Foreman

Hall monitor, QCIF

[/
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J / —8—H.264/No ME

I/ e ovcuET

%
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Bitrate [kbps]

Hinh 4.3: Biéu do so sanh hiéu nang nén - Hall monitor
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Coastguard, QCIF

35

33
831
o == H.264/Intra
% 29
o ——H.264/No ME

27 e DVC-UET

25
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Bitrate [kbps]
Hinh 4.4: Biéu do so sanh hiéu nang nén - Coast guard
Soccer,QCIF
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Hinh 4.5: Biéu do so sanh hiéu nang nén — Soccer
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Trén co s& cac két qué thu dugc nhu mo ta ¢ hinh 4.2 — 4.5, mét s6 két luan co thé
rut ra nhu sau;
e So sanh véi H.264/Intra

- Trong hau hét cac trudng hop so sanh thi mé hinh ma héa DVC déu co hiéu
suat nén cao hon so v6i mo hinh ma hoa H264/Intra

- O trong 3 trudng hop Coastguard, Hall Monitor va Foreman thi vat thé chuyén
dong véi téc do khong cao nén sir dung ma DVC dat hiéu qua cao. Chi trong
truong hop Soccer vt thé chuyén dong véi toe do cao thi mo hinh truyén théng
lai dat dugc hi€u qua nén tdt hon. Diéu nay la do vi¢c udc lugng chuyén dong
tai phia ma hoa ctia chudn nén video truyén thong

e So sanh véi H.264/ No ME

Trong cac truong hop so sanh thi mo hinh ma héa DVC c6 hiéu suat nén dat
xap xi so v6i mo hinh H.264/ No ME. Trong truong hop chudi Coastguard
tham chi con dat hiéu suit nén cao hon tuy nhién day khong phai 1a muc ti€u so
sanh chinh trong luan van nay

4.3. Panh gia dg phirc tap

D¢ phuc tap trong viéc ma hda, cung vdi hi¢u ndng nén va kha nang chéng chiu
16i 1a ba yéu cAu co ban cua mot chudn nén video hiéu qua. Do vay, nghién ctu s¢€
khoéng thé tron ven néu khong danh gia d6 phirc tap ctia phwong phap ma hoa video
phan tan DVC, nhat 13 so sanh véi chuan H.264/AVC.

C6 nhiéu cach danh gia do phirc tap ciia mot chuin m3 héa, nhu xé4c dinh sb luong
cac phép tinh trong cac thudt toan hay mot cach phd bién va don gian nhét 13 do thoi gian
ma hoa ctia cac phuong phap ma hoa trong cting mot diéu kién kiém thir chuan.

V& s6 luong phép tinh co thé thiy tir chuong 1 khi do tim vecto dich chuyén
trung binh s& ton rat nhiéu phép tinh (trong vi du dua ra la 8,55 x 10° phép tinh trén
gidy ) trong khi & DVC khong c¢6 phép do tim vecto dich chuyén ¢ bén ma hoa, sb
phép tinh cha yéu cho cac khung reference theo mi hoa intra va tao ra thong tin phu.
Trong nghién ctru nay, phuong phap thtr hai, do luong thoi gian ma hoda cua cac
phuong phap ma héa nhu DVC-UET, H.264/Intra va H.264/No ME dugc st dung.
cing trén may tinh v&i cau hinh bao gdm 1 chip dual core Pentium D 3.4 GHz, 2GB
RAM, ngon ngtr 1ap trinh C++ va Microsoft Visual Studio dugc sir dung.

Hinh 4.6 dén 4.9 mo ta va so sanh thoi gian ma hoa ddi véi cac chudn H.264/AVC va
phuong phap DVC.
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Hinh 4.6: Biéu do so sanh thoi gian md héa - Foreman

Hall monitor, QCIF
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Hinh 4.7: Biéu do so sanh thoi gian md héa - Hall monitor
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Hinh 4.8: Biéu do so sanh thoi gian md héa - Coastguard
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Hinh 4.9: Biéu dé so sanh thoi gian ma héa - Soccer
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Nhan xét:

- Cac biéu db so sanh thoi gian ma hoa dd cho thdy mo hinh ma hoa DVC ¢6 thoi
gian md hoa thap hon han so v&i cac mo hinh con lai trong tat ca cac truong hop nén
c6 thé khang dinh rang md hinh ma héa DVC c6 do phirc tap thip nhat ¢ phan ma
hoa,phit hop v6i nhu cau phat trién cac mang video giam sat. Diéu nay 1a boi so voi bd
ma héa H.264/Intra, b ma héa DVC-UET khong str dung céch tao dy dodn nang né
(v6i 9 mode dy doan) va bo t6i vu hé thdng (Rate-Distortion Optimization RDO) rat
phure tap tai phia phat.
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KET LUAN

Trudce nhu cdu ngdy cang cao vé mot bd ma hoa video c¢6 hiéu qua nén tét nhung
doi hoi thoi gian ma hoa thap; dic biét 1a dbi véi cac tng dung trong mang sensor,
luan van nay da tap trung vao vi¢c gidi thi€u, phan tich va so sanh phuong phap ma
hoa video phan tan — DVC. Ma hoéa video phan tdn DVC la mét trong nhitng hudng
nghién ctru dang duogc quan tim hién nay do nhiing dic diém nhu hiéu ning mi hoa
cao, d6 phtrc tap ma hoa thip va kha ning chdng chiu nhidu hiéu qua.

Luén van dugc chia lam ndam chuong. Chuong 1 gidi thi¢u vé céac ky thuat dugc
st dung trong b ma hoa video du doan truyén théng. Chuong 2 tom tit qua phan co
s 1y thuyét ciia bd ma hoa video phan tan, cu thé 1a hai dinh 1y Slepian-Wolf va
Wyner-Ziv. Tiép theo, chwong 3 trinh bay va phan tich hai huéng xay dung boé ma hoa
video phan tan trong thuc té, dé& xuit boi hai nhom nghién ctru tai truong dai hoc
Stanford va dai hoc Berkeley. Chuong 4 trinh bay két qua so sanh hiéu qua nén va do
phure tap ma hda ctia m6 hinh ma hoéa video phan tan DVC.

Nhu da trinh bay ¢ chuong 2 va chuong 3, k¥ thuat ma héa video phan tan co
kha ning mang lai hiéu qua nén cao dé thich ting véi cac kénh truyén vo tuyén han
hep, tuy nhién c6 diém khac biét cin ban so véi k thuat ma hoa truyén thong (trinh
bay & chuong 1) 1a 46 phtrc tap vé mit thuat toan. Cu thé, ma hoa video truyén thong
rat nang & phﬁn ma hoa con ki thuat DVC phﬁn mi hoa lai rt nhe. Do vay, ma hoa
video phan tan rat pht hop véi nhu cau phat trién cic mang giam sat hién nay.

Nhu trinh bay & chuong 4, su khac biét ndy 1a & ma hoa héa truyén thong thuc
hién viéc do tim chinh xac vecto dich chuyén giita khung reference va khung inter,
trong khi & ma DVC chi la dya trén udc luong tap am tuong quan.

O phuong phap DVC (tiéu biéu 1a PRISM va DISCOVER), su phic tap duoc
dich chuyén vé phia giai mi trong d6 viéc do tim cac tir ma cac hé s6 DCT dung trong
tap phan hoach.

Thyc hién so sanh chat lwong (theo PSNR) va d6 phtc tap (theo thdi gian) cho
thiy:

DVC c6 két qua danh gia chat lugng tot hon khi cac chudi video 1a cac hinh anh
v6i vat thé chuyén dong cham hon. Vé thoi gian ma hoa thi trong moi trudng hop
DVC t6t hon hin so v6i mé hinh truyén théng.

Nhén thdy tiém ning 16n ciia huong nghién ciru nay, trong twong lai mot hé
thdng DVC toan dién, twong thich ngugc véi chuan H.265/HEVC chinh 13 mét trong
nhitng huéng nghién ctru tiém nang.
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LOI CAM ON

Puoc su phan cong ciia Khoa Dién tir vién thong, truong Pai hoc Cong nghé,
duéi sy huéng dan ciia PGS.TS Trinh Anh Vii va TS Hoang Vin Xiém toi di thuc
hién luan van: “ Nghién ctru va phan tich bo ma hoa video dung cho mang sensor *’.

Pé hoan thanh luan vin ndy toi xin cam on cac Thiy cb trong Khoa Dién tir
vién thong, truong Pai hoc Cong nghé da nhiét tinh day do, cung cép phuong phép,
kién thtrc trong sudt thoi gian hoc tap. Toi xin chén thanh cam on tdi hai thiy gido
PGS.TS Trinh Anh Vii va TS Hoang Vin Xiém di tin tinh huéng dan va chi bao toi
rat nhiéu ca vé kién thtrc cling nhu phwong phap 1am viéc trong qué trinh thuc hién va
hoan thanh d6 an nay. Téi ciing xin giri 10i cam on téi nhom nghién ciru “Visual
Processing and Communication” truong Pai hoc Cong nghé da hd trg trong viéc tim
hiéu va phén tich bd ma héa DVC.

Mic du da ¢ géng va tich cuc trong viéc thyc hién luan van nhung khong thé
tranh duoc nhimg sai sét nhat dinh, t6i rat mong nhan duoc sy dong gdp cua cac Thay
cd va cac ban dong nghiép dé hoan chinh luan vin va c6 huéng phat trién hon nia.

To1 xin chan thanh cam on!
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