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Tém tit: Ma hoa video phéan tan (DVC) la giai phap day
tiém ning cho c4c (g dung duong 1én nhu mang gidm sét video
khéng day hay mang cam bién da phuong tién. Trong ma hoa
video phan tan, chét lugng cua thdng tin phu tro (SI) c6 anh
huéng quan trong dén hiéu ning tdc d6 bit-chat lwong khung hinh
sau giai ma (RD) cua hé théng Tuy nhién, chét lugng théng tin
phu tro thay di theo chudi va tham chi trong mi khung hinh. Vi
viy, dé cai thién thdng tin phu trg, ki thuat tao thong tin phu tro
thich wng véi noi dung chuyén dong cia chudi video duge dé
Xuét trong bai bao ndy. Cu thé, bai bio d& xuat phuong phép sir
dung mang No-ron dé du doan kich thudc cura sb tim kiém cho
thuat toan udce lugng chuyén dong trong thuat toan tao thong tin
phu tro twong tng véi dic tinh cia chudi video. Cac két qua mo
phong cho thay hiéu nang cua bo mé héa video phén tan duoc cai
thién dang ké khi sir dung phuong phap nay.

Tir khoa: Video phan tan, thong tin phu tro.

I. GIOITHIEU

Trong cac chuan md hoéa video truyén théng nhu
H.264/AVC hay HEVC [1][2], nhiém vu uéc lugng va bu
chuyén dong day phtc tap dugc thuc hién tai bo ma hoa.
Do d6 trong cac hé thdng ma hoa video truyén thong, bo
mé& héa rat phic tap trong khi by g|a1 ma khé don gidn. Kién
tric nay phu hop cho hau hét cac tng dung kiéu duong
xuéng ma & do dir liéu duwgc ma hoa mot lan va dugc giai
ma hang tri¢u Ian tai cac bo giai ma. Tuy nhién, gan day
nhiéu thir da thay doi. Nhiéu tng dung duong Ién méi nhu
c4c mang camera khong day da xuét hién. Dit liéu video
gio day c6 thé duoc tao ra va xir ly trén cac thiét bi da
phuong ti¢n han ché. Trong cac ung dung nay, bé ma hda
duoc yéu Cau c6 do phuc tap thap va vi vay chuan ma hoa
video truyén thong gio day khong con phu hop nita. Mot
giai phap thay thé day tiém ning 1a ma hoa video phan tan
(DVC).

Nén tang cua DVC la m& hoa ngudn phan tan. M hoa
nguoén phén tan dugc Xy dung trén hai dinh ly cua ly thuyét
thong tin: dinh ly Slepian-Wolf [3] va dinh ly Wyner-Ziv
[4]. Dinh ly Slepian-Wolf phat biéu rang khi hai tin hiéu
phu thudc thong ké v6i nhau dugc ma héa doc lap nhung
dugc gidi ma ket hop thi tc do bit dat duoc cling tuong tu
nhu doi vai hé théng ma hoa va giai ma két hop. Binh ly
Wyner -Ziv m¢ rong dinh ly Slepian- Wolftrong truong hop
nén c6 ton that. Duya trén céach tiép can nay, nhiém vu uéc
lwong chuyén dong phtrc tap s& duoc dich chuyén tir bo ma
hoa sang bo giai ma.
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Dya trén cac két qua ly thuyét nay, cac kién tric DVC
thuc té da duoc dé xuat trong d6 ndi 1én hai kién trdc chinh
1a kién trac DVC Berkeley [5] va kién tric DVC Stanfo[d
[6]. Tuy nhién, b6 ma hoa DISCOVER [7] duoc phat tricn
tir kién trac Stanford gio day duogc coi nhu mot b mé hoa
DVC tham chiéu chuin hién nay. Trong bo ma héa
DISCOVER, chudi video duoc chia tach thanh cac khung
hinh chinh (KF) va khung hinh Wyner-Ziv (WZF). Trong
khi cac KF dugc ma hoa str dung giai phap ma hoa video
truyén thong nhu H.264/AVC Intra hay HEVC Intra. Cac
WZF dugc mé hoa theo nguyén tic ma hoa video phan tan
nhu sau. Pau tién, bién d6i DCT dya trén khoi duoc &p
dung cho WZF. Sau bién ddi, cac hé s DCT cua toan bo
WZF dugc nhdm lai vai nhau, tao thanh dai cic hé s6 DCT.
Céc dai nay duoc tach ra thanh cac mat phang bit va cac
mat phang bit nay dwoc dua téi bo ma hoa kénh dé tao ra
cac bit chan lé. Sau do, cac bit chan lé nay dugc gii t6i bo
giai ma theo tirng cum va céc bit hé théng dugc loai bo. Tai
bo giai ma, thong tin phu trg, mot phién ban nhidu cua
WZF, duoc tao ra bing cach sir dung cac KF da gidi ma
trude do. B giai ma s€ str dung cac bit chén le dé “stra”
cac sai 15i trong thong tin phu tro va cudi cing, WZF ban
dau dugc tai tao.

R0 rang, SI co anh huong I6n dén hiéu nang RD cua
DVC. Néu SI duoc tao ra cang glong véi WZF, bd mé hda
chi phai guri it bit toi bo g|a1 mi dé sura sai cho SI va vi vy,
téc do bit s& giam di v&i cung mot chat luong. Do 1a 1y do
cac nghién ctu vé tao Sl chiém mot phan lén trong cac
nghién ciru vé DVC. SI thuong duoc tao ra bang cach noi
suy hozc ngoai suy cac khung hinh tham chiéu. Cac phuong
phap noi suy sir dung cac KF da giai ma trudc va sau trong
khi cac phuong phap ngoal suy chi st dyng cac KF da gial
ma trudc. Cac két qua md phong cho thay cac ky thuat tao
Sl dya trén ndi suy thuorng cho Sl chit lugng tt hon nhung
do tré cao hon khi so véi cac ky thuat tao Sl dua trén ngoai
suy. Tuy nhién, cac phuong phap nay thuong cho két qua
khong t6t khi cac khung hinh tham chiéu & cach xa nhau
hodc trong céac truong hop dic tinh chuyén dong cua chudi
video nhanh hoc bt thuong.

Trong nghién cau thoi ky dau [6], SI don gian dugc tao
ra bang cach Iay trung binh cac KF dugc gidi ma trudce do.
Tuy nhién, chat lugng cua Sl khdng t6t boi vi khong tinh
dén thong tin chuyén dong trong qua trinh tao SI. Sau do,
cac phuong phap tao Sl cai tién dugc dé& xuit va so sanh
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trong [8]. Nam 2005, Ascenso va cac cong su da phat trién
mot phuong phép noi suy thoi gian bd chuyén dong
(MCTI) [9] véi giai thuat lam min chuyén dong dé tao ra
SI. Phuong phap nay dugc sir dung rong réi trong cac
nghién cau vé DVC va ciing duoc chap nhan sir dung trong
bai bao nay. Mot cach tiép can khéc la loc SI ban dau mot
sb lan, thuong la sau khi giai ma cac mat phang bit hoac
céc dai hé sé [10][11]. DBé xuét trong [10] loc cac KF lan
can dé liy dugc vector chuyén dong va de Xuét trong [11]
tim kiém cac ung vién Sl trong mét cira s6 cho trudc trong
SIban dau Cac giai phap tao Sl dyatrén loc lién tuc thuong
cho SI cudi cung co chat luong t6t hon nhung c¢6 nhugc
diém 16n 1a d6 phirc tap bo giai ma s& tang lén.

Bai vi ngi dung chuyén dong thay doi theo doc chudi,
né can dugc tinh dén trong quatrinh tao SI. Diéu nay c6 thé
gilp tao ra Sl véi chat lwong tét hon. Vi vay, muc dich cua
bai bao nay 14 d& xut mot phuong phap tao S thich @ng
theo ngi dung chudi video. SI ban dau duoc tao ra bang
cach str dung cc khung hinh tham chiéu truéc va sau tuong
tu nhu cach tao Sl trong bé6 ma héa DISCOVER. Tuy
nhién, ving tim kiém trong budc wdc lugng chuyén dong
duoc dleU chinh tdy theo noi dung chuyén dong cua chuo|
video. Dbi vai doan chuyén dong nhanh hoac phtc tap, rat
kho Qé tao ra SI chinh xéac. Do do, SI can duoc udce luong
chuyén dong trong dai tim kiem rong hon dé dat dugc chat
lugng t6t hon. Nguoc lai, dbi véi vung chuyen dong cham,
dé dy doan SI dting va SI chi can tim kiém trong vung tim
kiém nho. Bai bao nay dé xuat mdt phuong phap dé lya
chon viing tim kiém phu hop cho mdi doan video duya trén
k¥ thuat hoc may. Dé danh gia dé xuat ndy, céc thir nghiém
duoc thuc hién trén bo ma héa DISCOVER véi cac KF
dugc ma héa sir dung chuan HEVC Intra.

Bai béo nay dugc t chirc nhur sau: Rhﬁn 1l gisi thi¢u vé
Kisn trdc b mé hoa video WZ mién bien doi. Phan 111 mo
ta giai phap de xuit va phan 1V 1a thao luan vé& hiéu ning
RD cua d& xuat va so sanh véi cac nghién cau lién quan.
Cudi cung, phan V giéi thiéu cac két luan va huéng nghién
ctru tiép theo.

I1. KIEN TRUC MA HOA VIDEO WZ MIEN BIEN
310]!

Phan nay gigi thiéu vé bo ma héa WZ mién bién déi véi
tén goi DVC-HEVC. Khac v6i bo ma héa DISCOVER géc
[7], cc KF trong bo ma hoa nay dugc ma héa bang bo ma
héa HEVC-Intra. Vi vay n6 c6 tén goi la DVC-HEVC va
dugc mo ta trong Hinh 1.

Mat phang bit
WZF | Bién aéi B0 lugng tir B6 ma hoa Bo Bo gidi ma Téitao
DCT déng nhét LDPCA agm LDPCA

M6 hinh héa nhidu
twong quan

Bo dém
khung hinh

%

Keénh phan hbi

Bién d6i DCT: M&i WZF dugc chia thanh cac khdi
khong chong nhau c6 kich thudc 4 X 4 va bién doi DCT
duoc ap dung cho mdi khdi dé tao thanh cac hé sé6 DCT
tuong ung véi cac pixel trong mdi khoi.

Luong tir héa: Dé giam toc do bit, cac hé s6 DCT duoc
lugng tir hda. Cac hé s6 DCT dwgc nhoém thanh 16 dai hé
s6 by (k = 0; 15) & d6 mdi dai hé sé gom cac hé sé ¢6 ciing
vi tri trong cac khdi khac nhau. Cac dai DCT nay duoc
lugng tir dong nhét véi bo luong tir 2Mk & d6 M, la sb bit
bicu dién cho cac hé so DCT cua dai hé s by.. Cac ma tran
lugng tr dugc chon tuwong ng véi cac mac toc do bit khac
nhau nhu trong [7].

Bg ma héa LDPCA: M&i mit phang bit duoc dua vao
bo ma hoa LDPCA dé tao ra cac bit chan Ié tuong tng. Cac
bit chan lé nay duoc luu tai b dém khung hinh va céc bit
hé théng bi loai bo. Cac bit chin I¢ duoc truyén téi bo giai
ma theo tirmg cum tuy theo yéu cau tir bo giai ma.

B. Quatrinh gigi ma

Tai bo giai ma, cac KF duoc giai ma bang bo giai ma
HEVC Intra va cac WZF dugc giai ma véi su tro gilp cua
cac KF nay.

Tqo thong tin phu tro: Khéi ndi suy thai gian bu chuyén
dong tao ra thong tin phu trg, mét ude luong cia WZF ¢ bo
ma hoa, bang cach sir dung cac KF di giai ma truc va sau
nhu trong [9]. Trong mO-dun nay, hai khung hinh tham
chiéu duoc loc théng thap dé giam nhidu cho qua trinh wéc
luong Chuyen dong Sau d6 thuc hién wéc lugng Chuyen
dong trude dé cé dugc vector chuyén dong trugce. Tiép do,
ude lugng chuyén dong song huong loc cac vector chuyen
dong thu dugc ¢ budce trudc véi rang buoc vé phép Chleu
tuyén tinh gitra khung hinh tham chiéu trudc va sau. De cai
thi¢n do muot khong gian, b loc trung vi co trong 56 &
duogc s dung. Cudi cung, bu chuyén dong song hudng
duoc thyc hién dé tao ra théng tin phu tro, mot ude lugng
cua WZF tuong ting.

M0 hinh nhiéu fuong quan: Théng ké du thira gitra cac
hé s DCT cuia WZF gbc va khung hinh SI trong tng duoc
gia dinh tuan theo phan b Laplace nhu sau:

fiy () =Se

6 do fy/y Ia ham mat do xac suat cua X véi y cho trudc. a

la tham s6 cua phan bd Laplace duoc xac dinh bai cong
thac sau:

—alx—y| (1)

WZF da

gidima
IDCT

a= | @)

Trong cong thic (2), 0% 1a phuong sai cua du thira giira
khung hinh WZF goc va khung hinh SI twong ¢ng. Trong
bo ma hoa dugc sir dung ¢ bai bao nay, tham sO & ctia phan
bo Laplace duoc ude lugng truc tuyén tai bo giai ma & muac
dai hé so.

b 89 ma s @,_QL, B¢ gidi ma LDPCA: Khi da c6 cac hé s6 DCT cua

Hinh 1. Kién triic bé ma héa DVC-HEVC

A. Qué trinh ma hoa

Chudi video dau vao dugc phan tach thanh cac KF
X5¢-1 Va cac WZF X;;. Cac KF dugc ma hoa bang bo ma
hoa HEVC Intra va WZF dugc ma hoa theo nguyén tac
phén tan nhu sau:
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khung hinh SI va nhiéu twong quan dol vGi mot dai hé s6
DCT, cac mat phang bit cua dai hé s6 b, dwoc giai ma
LDPCA véi sy hd tro cua cac bit chan ¢ duoc gul tir b ma
hoa thong qua kénh phan hoi. Bé quyet dinh c6 can gii
thém cac bit chin l¢ dé giai ma thanh cong cho mot mét
phang bit nao do, tiéu chi du’ng yéu cau duoc st dung. bé
phat hi¢n va sira cac 16i con lai trong mdi mat phang bit,
t6ng kiém tra du thira vong (CRC) duoc tinh cho mdi mat
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phéng bit tai bo ma héa va guri téi bo giai ma. Bo giai ma
s& tinh CRC tuong (g cho mdi mat phang bit da giai ma
LDPCA thanh cong va so sanh véi CRC nhan dugc tir bo
ma héa dé dam bao loai bo x4c sut 16i cho méi mat phang
bit duoc giai ma. Sau khi mot mat phang bit dwoc giai ma
LDPCA thanh cong, cac mat phang bit con lai ciia cling mot
dai hé sb s& duoc xr Iy tiép theo cach tuong tu.

Téi tgo: Cac mat phang bit da giai ma LDPCA cing Vi
khung hinh SI va théng ké du thira cho méi dai h¢ s6 DCT
duoc st dung cing nhau dé tai tao lai hé s6 DCT ban dau.
Gié tri tai tao cho mdi hé s DCT cua mdi dai hé sé6 DCT
duoc cho trong [12]:

“x x|y)dx
¥ = Bxlq’ y] = L PO (3)
S, fapy(xly)dx
& d6 x" 1a hé sb DCT tai tao, y 1a hé sé DCT tuong (g cua
WZF va E[.] la toén t ky vong. [,u 1a cac bién dudi va
trén tuong tng cua q'.

Bién doi DCT nguroc (IDCT): Cudi ciing, céc hé s6 DCT
tai tao dugc bién d6i DCT ngugce dé nhan dugce khung hinh
mién pixel.

111.PHUONG PHAP PE XUAT

Bitplanes
WZF beT Luong tr Ma hoa
hoéa LDPCA

WZ duoc

Gidi ma Tai tao khung gaima
B0 d }‘*{ LDPCA H hinh Wz P’ IbcT

T

Kénh phén hbi

Mo hinh nhiéu
tuong quan

KFs duoc
K [ wanea ] [ Gama | i ma
HEVC Intra HEVC Intra

Hinh 2. Kién triic b6 mi héa ME-NN-MCTI-HEVC

~ Hinh 2 md ta bo mé hda video mién bién d6i dya trén
cau tric bo ma héa WZ duogc dé cap & muc Il. Théng tin
phu tro dugc tao ra bang cach sir dung cac khung hinh chinh
da dugc giai ma trude d6. Chinh vi vay, cac dac tinh chuyén
dong cua cac khung hinh chinh anh huéng tryc tiép téi chat
lugng cua khung hinh phu trg. Cu thé, néu cac khung hinh
chinh c6 chuyén dong cham, tirc 1a do twong quan giira cac
khung hinh 16n s& dan dén chit luong cua khung hinh SI
cao. Nguoc lai, cac khung hinh chinh ¢ chuyén dong
nhanh dan dén chat luong cua Sl bi suy giam. Bé dam bao
chat lugng cua khung hinh SI trong nhimg truong hop
chuyén dong nhanh, phuong phép tao khung hinh Sl thich
ng véi noi dung video duge dé xuat. Cu thé, dé tao khung
hinh Sl tir hai khung hinh chinh, thuat toan MCTI duoc st
dunqué noi suy khung hinh Sl dua trén ky thuat uéc lugng
chuyén dong va bu chuyén dong song hudng. Trong ky
thuat MCTI, uéc lugng chuyén dong la mat trong nhiing
budc quan trong nham xac dinh vector chuyén déng. Sau
do, khéi bu chyyén dong song huéng dya vao cac vector
chuyén dong dé tao khung hinh SI. Nhu vay, neu vigc udc
luong chuyén dong cang chinh xac thi khung hinh SI s&
cang giong vai khung hinh WZ. Trong cac by ma hoa video
truyén thong, ude luong chuyén dong cho mot khoi hinh
dugc thuc hién thdng qua viéc tim kiém trén mot cira so tim
kiém cua khung hinh tham chiéu va cira s6 ndy c6 kich
thudc ¢o dinh. Kich thu6c cua ctra s6 tim kiém c6 anh
huong truc tiép t6i higu qua cua viéc giai ma. Néu kich
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thudc cira s6 1on s& 1am tang thoi gian tim kiém, trong khi
kich thudc nho s& wdce lugng chuyén dong khong chinh xéc.
Vi vay, trong bai bao nay, phuong phap uéc lugng vector
chuyén dong thich ung véi noi dung video dua trén mang
No-ron dugc dé xuat (ME-NN). Cu thé, dé phan loai muc
do chuyén dong cua khung hinh, mang ME-NN duoc st
dung dé du doan kich thuéc cua cira s6 tim kiém cho bo
ude luong chuyén dong dua trén cac dac tinh cta khung
hinh. Kién tr(ic mang No-ron dwoc md ta chi tiét trong phan
duéi day.
A. Kién trac mang ME-NN

Trong nghién cau nay, kién tric mang NN duoc su
dung dé udc luong kich thudc ctira so tim kiém (ME-NN)
c6 4 16p bao gom 1 16p dau vao, 2 16p an va 1 16p dau ra
nhu mé ta trong hinh 3. Lép dau vao nhan cac gié tri X,
X2, X3, Xa, Xs twong (ing Vi cac dac trung cia khung hinh
bao gom MAD, gia tri I6n nhat, nho nhat, gia tri trung binh
va phuong sai cua cac h¢ s6 DCT trong bang DC va ba bang
cua ba hé s6 AC dau tién cua cac khoi hinh kich thu6c 4x4
trong khung hinh. Trong cac I6p an, ham kich hoat sigmoid
duoc st dung tai cac nit mang. Tai l6p dau ra, ham softmax
dugc sir dung dé quyét dinh kich thudc cira s6 tim kiém cho
thuat toan MCTI.

L6p dau ra

Lop dau vao

Lopén1 Lop &n 2

Hinh 3. M6 hinh mang ME-NN

B. Qua trinh huan luyén

Dé huin luyén mo hinh, tap dir liéu huan luyén duoc
trich chon tr 10 chudi video Coastguard, Hall-Monitor,
News, Container, Flower Garden, Mobile, Mother, Claire,
Grandma va Harbour véi d6 phan gia 176x144 (QCIF), sé
lwong khung hinh caa méi chudi la 300 va téc do khung
hinh 1a 15 khung hinh/gidy. Pay 1a cac chudi ¢ ndi dung
da dang bao gom chuyén dong cham, chuyén dong nhanh,
ndi dung don gian, ndi dung phuc tap. Dé liy ra cac dic
trung cta cac khung hinh cua chudi trén, méi khung hinh
s& dugc ma hoa 3 1an trén bd ma héa DVC véi 3 cira s6 tim
kiém c6 kich thuec la 8x8, 16x16 va 32x32. Mot trong ba
kich thuéc ctra s6 tim kiém cho hi¢u nang nén cao nhat s&
duoc chon lam nhén cho tap cac tham so6 caa khung hinh
d6. M6 hinh ME-NN duoc huan luyén trén nén tang Google
Colaboratory [12] v6i s6 epoch 1a 1000, batch-size bang 10.

M0 hinh mang ME-NN sau khi huan luyén s& duoc sir
dung trong thuat toan MCTI @é tao ra khung hinh SI nhu
sau:

Buéc 1: Tinh khung hinh sai khac cua 2 khung hinh
chinh.
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Budc 2: Tinh cé4c gia tri MAD, gid tri 6n nhit, nho nhit,
gid tri trung binh va phuong sai ctia cac hé s DCT trong
bang DC va ba biang cta ba hé s6 AC dau tién cua cac khoi
hinh kich thudc 4x4 cua khung hinh sai khac & buéc 1.

Buac 3: Cac déac trung ¢ Buoc 2 s€ la dau vao cua mo
hinh ME-NN. M@ hinh s& quyét dinh kich thuéc cia cira s6
tim kiém tuong ing véi b dic trung dau vao.

Budc 4: Véi kich thudc cira sb tim kiém ¢ Budc 2, thuat
toan MCTI dugc stir dung dé tao khung hinh Sl tir hai khung
hinh chinh. Bén giai doan cua MCTI bao gom Uéc luong
chuyén dong huéng tién, udc lugng chuyén dong song
huéng, loc khdng gian va bl chuyén dong song huéng.

IV.DI_EU KIEN THU NGHIEM VA PHAN TiCH

KET QUA
A. Diéu kién thir nghiém

bé déanh gia hi¢u ndng cta giai phap tao thong tin phu
trg dé xuit so véi cac phuong phap khac, bdn chudi video
sau dugc s dung la Akiyo, Carphone, Foreman va
Coastguard véi cac dac diém duoc mé ta trong Bang I. Bon
cap gia tri (téc d6 bit (Rate), d6 méo (Distortion)) hay con
goi la cac diém RD dugc do twong (tng voi ma tran luong
tir kich thudc 4x4. Céac phén tir 91”1a ma tran la céac gia tri
luong ttr twong g cho cac h¢ so cua cac gia tri DCT cua
cac khéi hinh. Khi cac gia tri luong tur tang thi toc do bitva
chit luong cung tang. Dé cai thién chit lwong video tai phia
giai ma, cac khung hinh chinh dwgc ma hoa bang bé ma
hoa H.265/HEVC & ché do Intra.

Bdng I Diéu kién thir nghiém

Bdng I1I. NN-MCTI-HEVC va MAD-MCTI-HEVC vdi phuwong
phap MCTI-HEVC theo BD-PSNR

Chudi Video MAD-MCTI- ME-NN-MCTI-
HEVC HEVC
Carphone 1.54 1.76
Foreman 0.19 0.53
Akiyo 1.88 2.36
Coastguard 0.04 0.72
Trung binh 0.91 1.34

Bang IV. So sanh hiéu nang RD ciia phicong phép dé xudt

ME-NN-MCTI-H.264 va MAD-MCTI-H.264 véi

phuwong phap MCTI-H.264 theo BD-Rate

Chuédi Video MAD-MCTI- ME-NN-MCTI-
H.264 H.264
Carphone -20.59 -22.64
Foreman -3.58 -7.60
Akiyo -25.24 -27.16
Coastguard -0.65 -2.89
Trung binh -12.51 -15.07

Bang V. So sanh hiéu nang RD ciia phirong phdp dé xudt

ME-NN-MCTI-H.264 va MAD-MCTI-H.264 véi

phuong phap MCTI-H.264 theo BD-PSNR

Chuédi Video MAD-MCTI- ME-NN-MCTI-
H.264 H.264
Carphone 1.36 1.48
Foreman 0.24 0.50
Akiyo 1.96 2.13
Coastguard 0.04 0.16
Trung binh 0.9 1.07

Chudi Video | P§ phan | Sé khung | Tham sb lrong
giai hinh tir
Carphone {25,29,34,40}
Foreman 176x144 300 {25,29,34,40}
Akiyo {25,29,34,40}
Coastguard {26,30,34,38}

Tai mdi diém RD, toc do bit va gia tri PSNR duoc tinh
cho thanh phan choi cua mdi khung hinh. Céac két qua cua
phuong phap dé xuat vai tén goi NN-based-MCTI dugc mo
phong trén hai by mé hoa DVC-HEVC va DVC-H.264 va
duoc so sanh véi mot s6 phuong phap trude day bao gom:
(1) Phuong phap sir dung cira s6 tim kiém thich tng theo
gia tri MAD-MCTI [13], (2) Phuong phap MCTI véi cira
s6 tim kiém co kich thudc ¢6 dinh. Dé danh gia hiéu qua
clia cac phuong phap, gia tri Bjontegaard duoc st dung dé
do d6 khéc biét gitra cac duong RD cua cac phuong phap.

B. Két qua
Bang II. So sanh hiéu ning RD ciia phirong phdp dé xudt ME-

NN-MCTI-HEVC va MAD-MCTI-HEVC véi phuong phdp
MCTI-HEVC theo BD-Rate

Chuédi Video MAD-MCTI- ME-NN-MCTI-
HEVC HEVC
Carphone -21.44 -24.37
Foreman -2.89 -7.89
Akiyo -24.00 -29.52
Coastguard -0.66 -11.56
Trung binh -12.25 -18.33
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Hinh 4. So sdnh hiéu ning RD ciia phirong phdp dé xudt véi
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Hinh 5.  So sdnh hiéu nang RD cua phuong phap dé xudt véi
chuoi Foreman
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Hinh 6.  So sanh hi¢u ndng RD ciia phwong phap dé xudt voi
chuoi Akiyo

Bang 11, 11, 1V va vV m0 ta mirc do cai thién hi¢u nang
(tren phuo’ng dlen téc do bit va Chat luong khung hinh sau
gidi nén) cia phuong phip dé xuat so véi phuong phap
dugc dé xuat truée ddy MAD-MCTI [13] va phuong phap
su dung ky thuat MCTI vai kich thude caa s6 tim kiém co
dinh. Két qua md phong chi ra ring véi bo ma hoa sir dung
HEVC, phuong phap MAD-MCTI-HEVC tict ki¢m duoc
trung binh 12.25% tong s6 bit, trong khi phuongphap ME-
NN-MCTI-HEVC tiét kiém duoc 18. 33% tong S0 bit so véi
phuong phap MCTI-HEVC. Twong ty, néu céc khung hinh
chinh dugc ma hoa bsi by mé hoa H.264 tir phuong phip
MAD-MCTI-H.264 tiét kiém 12.51% trong khi ME-NN-
MCTI-H.264 tiét kiém téi 15.07%. Xét trén phuong dién
chat luong video sau giai ma, phuong phap MAD-MCTI
trén HEVC va H.264 cai thién duoc 0.9dB va 0.91dB trong
khi ME-NN-MCTI cai thién duoc 1.34dB va 1.07dB.

Hinh 4,5, 6, 7 so sanh hi¢u nidng RD ctia 3 phuong phap
dugc trien khai trén by mad héa DVC-HEVC va DVC-
H.264 tai bon gia tri lugng tir. T cac két qua md phong ta
nhan thay phuong phap dé xuat ME-NN-MCTI c6 hiéu
nang cao hon so voi cac phuong phap trudc day trong ca
hai truong hop su dung HEVC va H.264 dé ma hoa khung
hinh chinh. Két qua nay c6 dugc 1a do phwong phap dé xuét
s dung mang No-ron duya trén cac dic trung cia chudi

S0 03 (CS.01) 2020

video dé du doan kich thudc cua cira sé tim kiém vector
chuyen dong trong thuat toan MCTI. Tir d6 b gidi co thé
ma tiét kiém duoc s6 bit md hoa dong thoi tang chat luong
cua théng tin phu trg Sl, gip cai thién chat lugng khung
hinh video sau giai ma.

39

38

Y-PSNR [dB]
®

—}— ME-NN-MCTI-HEVC | |
=&~ MAD-MCTI-HEVC
=¥~ MCTI-HEVC
—f— ME-NN-MCTI-H.264 ||
=~ MAD-MCTI-H.264
=X~ MCTI-H.264

100 150 200 250 300 350 400 450 500 550 600
Rate [kbps]

Hinh 7. So sanh hi¢u ndng RD ciia phwong phap dé xudt véi
chuoi Coastguard

V. KET LUAN

Bai bao d dé xuat phuong phap ting cuong chat lugng
khung hinh phu trg SI trong bo ma héa video phan tan
DVC. Cu thg, phuong phap d¢ xuét da sir dung mang, No-
ron véi du vao 1a céc dic trung cua chudi video va dau ra
1a kich thuéc cira s6 tim kiém trong thuat toan MCTI dé tao
khung hinh SI tir hai khung hinh chinh. Cac két qua mo
phong cho thay phuong phap dé xuat da dat duoc két qua
cao hon mét so phuong phép trude day trén phuong dién
tiét kiém duoc nhiéu hon sd lugng bit dung da ma hoa ddng
thoi chét lwong khung hinh sau giai ma duoc ting lén.

LOI CAM ON

Nghién ctru nay duoc tai tro béi Hoc Vign Cong nghé
Buu chinh Vién théng trong dé tai ma sb 07-2020-HV-
DPT-CN va 03-HV-2020-DT1.
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NEURAL NETWORK BASED SIDE
INFORMATION GENERATION IN
DISTRIBUTED VIDEO CODING

Abstract:  Distributed Video Encoding (DVC) is a
potential solution for uplink applications such as wireless
video surveillance networks or multimedia sensor
networks. In distributed video encoding, the quality of the
side information (SI) has a significant effect on the bit-
distortion (RD) performance. However, the quality of the
side information varies in video sequence and even in every
frame. Therefore, to improve the side information, the
technique of creating side information adapted to the
content of the video sequence is proposed in this article.
Specifically, the paper proposes a method to use neural
networks to predict the search window size for motion
estimation algorithm in the algorithm of side information
generation. The simulation results show that the
performance of the distributed video codec is significantly
improved using this method.
Keyword: DVC, Wyner-Ziv Coding
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