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Tém tit—Mai hoa video phan tan (DVC) 1a mot giai
phép ma hoa day hira hen cho cac (mg dung video yéu cau
d6 phuc tap thdp nhu mang cam bién khong day hodc hé
thong giam sat hinh anh. Yéu ciu tinh 6n dinh chét lugng
hinh anh 14 mét trong nhirg vin dé quan trong trong céc
hé thdng hién thi tién tién. Tuy nhién, hdu hét cac giai phap
ma héa video phan tan gn day, dwoc phat trién dya trén
tiéu chuan H.264/AVC hoic H.265/HEVC, khong thé cung
cép video vé6i chat lugng 6n dinh. Trong bai béo nay, ching
t6i dé xuat mot giai phap ma hoa video phan tan voi ma
trén luong tr (QMs) ap dung cho dir liéu Light Field, dam
bao sy 6n dinh trong chét lugng hién thi va cai thién hiéu
ning nén. Trong giai phap DVC duoc dé xuit, chuan ma
héa video méi nhit, md hoéa video da nhiém (Video
Versatile Coding — VVC) dugc lya chon phu hop dé nén
cac khung hinh chinh (Key frame). Trong khi d6, dé dat
duogce su 6n dinh trong chét lwong video, cac tham sb lwong
tir hoa (QPs) chon dé nén cac khung chinh va ma tran luong
tir hoa (QMs) chon dé nén cac khung hinh Wyner-Ziv (WZ
frame) s& duoc giai thich chi tiét trong bai bao. Két qua thir
nghiém cho thay giai phap ma hoa video phan tan tich hop
VVC codec (D-VVC) duoc dé xuit vuot troi hon dang ké
s0 voi cac giai phap khac ma héa DVC lién quan, dic biét
1a bd ma héa phan tan DISCOVER va giai phap DVC-
HEVC gan day, vé hiéu suat nén dong thoi cung cip tinh
on dinh cho chit luong hinh anh t6t hon cho video duoc
gidi ma.

Tir khoa— Ma hoa dir liéu Light Field, chét luong anh
Light Field, m& héa video phén tan.

I. GIOI THIEU CHUNG

Cong ngh¢ ma hoa video da va dang dong mot vai tro
quan trong trong bdi canh cac dich vu nghe nhin nhu truyén
hinh k§ thut sb, video di dong va truyén truc tuyén
Internet dap tng cac yéu cau nén cao. Hau hét cac chuin
mé héa video hién c6, dic biét 1a tiéu chuan ITU-T H.26x
va ISO/IEC MPEG-x [1], ap dung cai goi 1a md hinh ma
hoa video du doan. Trong d6 cac mbi twong quan thoi gian
va khong gian duoc khai thac tai by ma hoa bfmg cach st
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dung wdc tinh chuyén dong/vong bu chuyen dong va bién
d6i khong gian twong tmg. Két qua cac chuan mi hoa nay
thuong s€ phirc tap tai bd ma hoda va don gian tai b giai
ma.

Tuy nhién, véi sy bung nd ciia cac tmg dung hién nay,
ching han nhu giam sat video khong day cong suét thap,
mang cam bién hinh anh, camera PC khong day va dién
thoai camera di dong, d phic tap thép cua bd ma hoa tro
thanh mot tinh nang can thiét cho cac chuong trinh ma hoa
video [2]. Trong bdi canh ndy, ma hoa video phan tan
(DVCQ), dugc phat trién dya trén cac dinh 1y Slepian-Wolf
va Wyner-Ziv [3, 4] dé cho phép khai thac mdi twong quan
thoi gian tai by giai ma thay vi tai bd ma héa ma khong bi
mat hiéu suat nén, day co thé duoc coi nhu mot giai phap
ma hoa video day hira hen cho cac ing dung noi trén.

Cong nghé tién tién nhat v& ma hoa video phan tan 13 bo
mi hoa phan tan DISCOVER [5] duoc phat trién boi F.
Pereira va cong su. Giai phap ma hoa nay tuan theo phuong
phép tiép can DVC cua Stanford [6, 7], trong d6 video dau
vao dugc chia thanh hai chudi con: mot chudi cac khung
hinh chinh (Key frame) dugc nén véi tiéu chuan
H.264/AVC truyén thong [8] va mot chudi cac khung hinh
Wyner-Ziv (WZ frame) dugc nén bang giai phap ma hoa
phén tan. Khung chinh va khung WZ dugc ma hoa riéng
biét nhung dwoc giai ma chung dé khai thac mdi twong
quan thoi gian gitra hai khung.

Gén day, léy cam hung tr viéc dat dugc tiéu chuin M3
hoa video hiéu qua cao (HEVC) [9], dic biét Ia tiét kiém
dugc khoang 50% tdc do bit khi so sanh v6i chuén
H.264/AVC truéc day. C. Brites va cong su da trinh bay
trong [10] mot gidi phap DVC dua trén HEVC trong d6 cau
hinh HEVC Intra c6 do phirc tap thdp duoc sir dung dé nén
cac Key frame. Bai bao nay cling trinh bay mét danh gia
hiéu suét chi tiét cho bé ma hoa DVC-HEVC. Tuy nhién,
héau hét cac san pham trude day, bao gdbm ca DVC-HEVC
khong thé cung cip video dd giai ma véi chat lwong 6n
dinh. DVC-HEVC cho phép kiém soét chét lugng (hoic tc
do6 bit) cua khung chinh dugc gidi ma bﬁng tham sé luong
ta hoa (QP), déng thoi khung WZ dugc dung véi ma tran
luong tir héa (QM). Trong [10], mdt bo (QP, QM) duogce sir
dung trong bd ma héa DISCOVER DVC [5], trudc d6 dugce
su dung lai cho phin mém tham chiéu DVC-HEVC. Tuy
nhién, véi toe d0 nén tuong tu, chét luong cia cac khung
hinh chinh dugc mé hoa theo tiéu chudn HEVC tét hon

TAP CHI KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 63


mailto:xiemhoang@vnu.edu.vn

ON DINH CHAT LWONG ANH LIGHT FIELD DUA TREN BO MA HOA VIDEO PHAN TAN THE HE MO

nhiéu so véi tiéu chuan H.264/AVC. Do do, viéc su dung
khuyén nghi twong tu (QP, QM) c6 thé khong phu hop véi
nang cdp DVC-HEVC, dé dam bao chat lugng 6n dinh ciia
hinh anh.

Mic du HEVC [9] ¢6 thé dat dugc su cai thién dang ké
vé hiéu qua nén khi so sanh véi tiéu chuan H.264/AVC
trudc day [8], co thé thdy trudc riang s& can phai co kha
ning nén tot hon nira trong twong lai, cho ca tmg dung
truyén thong va ing dung méi. Vé van dé nay, mot hoat
d6ng khao sat chung da duogc bét ddu boi ISO/IEC (Té chirc
tiéu chuan hoa qudc t&/Uy ban ky thuat dién quic té)
MPEG (Nhom chuyén gia hinh anh chuyén dong) va ITU-
T (Lién minh vién théng qudc té- Linh vyc tiéu chuan hoa
vién thong) VCEG (Nhém chuyén gia ma hoa video) dudi
su béo trg cua Nhom nghién ctu video (JVET). Viée tiéu
chuin hoéa trong twong lai nhu vay c¢6 thé bit dau tir cac
phan mé rong bd sung cia HEVC hodc mét chuan hoan
toan mai [11]. Cac hoat dong cua JVET da dan dén dé xuat
mot chuén video tién tién mdi, ma hoéa video da nhiém
(VVCQ), c¢6 thé dat duoc khoang 50% tiét kiém tdc do bit
khi so sanh véi tiéu chudn HEVC [11].

Trong bai bdo nay, dé hoan thién dugc bo ma hoéa DVC
chét lwong hiéu qua kém theo 6n dinh vé khung nhin,
Chung t6i dé xuat mot giai phap DVC mdi, khai thac uvu
diém tir cac nang cip ctia b ma hoa video da nhiém cua
JVET [11]. Trong giai phap DVC duoc dé xuét, Video
Versatile Coding (VVC) duoc sir dung dé nén cac khung
chinh thay vi stt dung H.264/AVC hoac HEVC nhu cac
cong trinh trude day [5, 6, 10]. Ngoai ra, dé duy tri d6 phirc
tap thap cuia kiu ma hoa phan tan, chung t6i dé xuét lya
chon k¥ ludng mot ) cong cu ma hoda Intra dugc dé xuét
cho cdu trac VVC. Cubi cung, dé dam bao chét luong on
dinh gitra Key frame duoc giai ma va WZ frame, déc biét
lan dau 4p dung cho loai dit liéu méi Light Field, ching toi
dé xuat mot b cau hinh (QP, QM) mdi cho bo ma héa D-
VVC. Két qua thir nghiém cho thy hiéu suit nén cua D-
VVC duge dé xuét tt hon dang ké so v6i DVC dua trén
H.264/AVC trude day (ttc 1a giai phap DISCOVER DVC)
[12] va giai phap DVC-HEVC, dong thoi lam cho chat
luong khung hinh duoc giai ma on dinh hon dbi véi nguoi
dung khi xem.

Chu trac cua bai bao nay nhu sau. Phan 2 tom tit nén
tang 1y thuyét va cac cong trinh gan day lién quan toi dir
lidu Light Field va ma hoa video phan tan. Phan 3 trinh bay
kién trac D-VVC duoc dé xuét. Sau do, Phan 4 md ta viéc
lga chon (QP, QM) dé dat duoc su on dinh vé chit luong
cho video dugc giai ma, va Phan 5 danh gia hiéu suat ctia
giai phap D-VVC. Cudi cing, Phan 6 dua ra mot s nhan
xét két luén va cac cong viée trong twong lai.

II. LY THUYET CO SO VA NHUNG NGHIEN CUU
LIEN QUAN

DVC di thu hat nhiéu sy cht ¥ trong thap ky qua do cac
tinh ndng ma hoa dac thu cua nd, dac biét 1a sy phan bd
linh hoat d¢ phirc tap ciia bd ma hoa, kha nang phuc hoi 13
va kha nang mo rdng ddc 1ap cta bd ma hoa vi khong st
dung vong 13p dy doan nhu tai ma héa du doan [13]. Trong
phan nay, ching t6i s& md ta ngén gon bo ma hoa DVC tién
tién nhat va cac hoat dong gan day trén DVC, dong thoi
dac tinh cia dir li¢u dac biét Light Field.
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A. Ddc tinh dit liéu anh Light Field

Dit lidu plenoptic-light field (LF) duoc biét dén nhu mot
hinh thirc két xuat dya trén hinh anh (IBR), né thu thap
luong 16n dit liéu hinh anh vi cuong do cua tia sang truyén
theo moi goc do tai moi diém trong khéng gian 3D déu
dugc ghi nhan. Do d6, dir liéu hinh anh LF bao gom cac
théng tin [14] nhu khdng gian (x, y, z), thoi gian (t), vi tri
(6, 9) bude séng ctia anh sang (). N6 dugc tong hop chung
trong tham sb PLF(x v, 2, 9 ®,2,t) nhu Hinh 1. Bé don
glan hoéa tham so6 cua LF goc chuc nang LF da duogc giam
xuong con 4 tham s0 hay con goi la 4D-LF,
P.r = L(u, v, x,y),Vai (x,y) 1a diém nhin con (u, v) 1a géc
nhin. Mot hinh anh LF gbc bao gém cac hinh anh cuc nho
(MI) va mot tap hop cac hinh anh khau do kém theo (SAI)
thu dugc bang cach sip xép lai cac pixel cung vi tri tir mdi
MI.

Pinhole
camera

Imaging
sensor

Aperture

Hinh 1. Cdc loai théng tin thé hién cho dit liéu Light Field

Dir li€u Ligh Field dugc tao ra hodc ghi lai bﬁng mot
may anh chuyén dung - Lytro lllum, trong d6 né c6 mot hé
thdng nhimng dng kinh nhé dwogc sip xép trude cam bién
clia may anh, dé ghi lai nhimg hinh anh tir cac goc do va
chiéu sau khac nhau nhu Hinh 2. May anh c6 thé xu 1y dir
liéu 4D-LF v6i mang 4D co kich thude 15 x 15 x 434 x
625 x 4 trong d6 15 x 15 biéu thi s6 lugng ché d6 xem cac
anh nho (SAI), 434 x 625 biéu thi d¢ phan giai khong gian
ctia mdi ché d6 xem va 4 dai dién cho khong gian mau cia
RGB va trong s6 di kém nhu ¢ Hinh 3 [15]. Vi vay, dit liéu
cua light field dung lugng va kich thudc kha 16n véi mdi
btrc hinh dudi file 1a .LFR (Light Field Raw) cung kich
thude 7728x5368 , dung lugng sap xi SOMB.

Main lens d
Photosensor

Hinh 2. Cdu tao co ban bén trong mdy dnh d@é thu dir liéu Ligh-
Field

‘ 1434 pixels

— -
625 pixels

Hinh 3: Céu triic div liéu LF.
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Hinh 5. Cdu triic ciia mé hinh D_VVC

Tt nhitng dac thu cia cAu tric dit liéu LF, nhitng tinh
ning ma dit liéu LF c6 thé cung cip nhu: xuét anh 3D, thay
d6i diém lay nét, hay tao ra cac video dua trén cac anh nho
(sub-aperture image — SAI), v.v

B. Nhiing kién thirc nén tang lién quan t6i ma héa video
phén tan

B6 ma hoa phan tin DISCOVER [5] 1a m¢t trong nhitng
chuong trinh DVC hiéu qua nhét trong linh vuc phan tan
va dugc ap dung rong radi lam tai li€u tham khao cho sy
phat trién ciia cic bo mi héa DVC sau nay. Dé danh gia
hiéu suat, két qua thong qua viéc danh gia tai [12] thé hién
hiéu sudt t6t hon cua giai phap DVC so v6i H.264/AVC,
v6i do phirc tap mé héa thip thong qua hai loai ma hoa, d6
1a H.264/AVC Intra va H.264/AVC No Motion. B gidi ma
DISCOVER DVC duoc phat trién dua trén cach tiép can
DVC ban dau cua Stanford [6, 7]. Trong giai phap nay,
video dau vao duoc chia thanh cic khung hinh chinh va
khung hinh WZ théng qua cai goi 1a Group Of Picture
(GOP). Khung dau tién cua mdi GOP, dugc goi 1a khung
chinh, dugc ma hoa bﬁng chuén ma hoa H.264/AVC Intra
truyén thong [8] trong khi cac khung WZ con lai duoc ma
hoa bang cach tiép can DVC. Tai b giai ma, hai khung
chinh dugc gidi ma lién tiép dugc stir dung dé tao ra cai goi
1a thong tin phu, mot phién ban nhiéu cua khung WZ gdc.
Biét dugc mdi twrong quan gitra khung WZ ban dau va
thong tin phu ctia n6 thong qua mé hinh nhiéu twong quan,
mot s bit chin 1é dugc giri tir bo ma hoa dén bo giai ma dé
gilp tai tao lai khung WZ. Hinh 4 minh hoa kién truc cta
codec DISCOVER DVC ph bién.

|

‘WZ Encoder }

|

|

|

|

WZframes. Uniform LDPC !
i

|

Bitplanes

WZ Decoder

Correlation
Noise
Modelling

Key frames H.264/AVC

Intra Decoder

Intra Encoder
Hinh 4. Cdu triic b6 ma héa vfdeo phan tan DISCOVER DVC
[5]

C. Nhiing nghién citu lién quan téi ma hoa video phdn
tan
Trong DVC, viéc tao thong tin phu va mé hinh nhiéu
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twong quan dong vai trd quan trong vi ching anh hudng
truc tiép dén hiéu suit nén DVC cubi cung. Do do, nhiéu
nghién ctru da duoc thyc hién dé tang chit lugng thong tin
phu - Side Information (SI) [16-24] hoac udc tinh chinh
x4c mdi twong quan gitta WZ gdc va thong tin phu [25-27].

Kénh phan hoi dugc trinh bay trong cach tiép can DVC
ctia Stanford co thé khong phu hop véi nhiéu tng dung co
yéu cau do tré thap, mot sé nghién ciru [28 - 31] dé duoc
gidi thidu dé loai bo sy hién dién ciia kénh phan hoi trong
khi van duy tri hiéu suit nén ctia codec DVC.

Trong cach tiép can md hoa DVC cua Stanford, bo giai
ma bao gdm mot sé thanh phdn tinh toan, tic 13 tao SI, mod
hinh nhiéu tvong quan va giai ma WZ lap lai [5-7]. Trong
bbi canh nay, bd giai md DVC thudng doi hoi do phuc tap
tinh toan cao, dang chu y 1a khi so sanh véi cac tiéu chuin
ma hoa video du doan truyén théng [8, 9]. Do d6, mdt sb
nghién ctru da dugc thyc hién dé giam d¢ phuec tap ctua bd
giai mda DVC, bao gém [32, 33].

Cubi cung, vi ma hoa khung chinh anh hudng truc tiép
dén hiéu suat nén DVC tong thé, bai bao tai [10] da gidi
thiéu mot giai phap ma hoa khung chinh duoce cai thién véi
cac nang cap HEVC. So véi bo ma hoa DISCOVER DVC
hién dai nhat, DVC-HEVC duoc dé xuat tiét kiém déng ké
tdc do bit trong khi cung cdp chat lwong khung hinh duoc
giai ma theo cach tuong tw. Tuy nhién, can luu ¥y rang vi
hiéu sudt nén cua tiéu chuin HEVC duong nhién vuot troi
hon so v6i chudn H.264/AVC, véi cai dit thong sb luong
tir hoa (QP) twong tu, chit luong cua khung hinh chinh
dugc giai md bang DVC-HEVC sé& cao hon nhiéu so véi
cac khung WZ dugc giai ma. Diéu nay dan dén sy dao dong
chit lwong trong video dugc gidi ma va anh huong dén chat
luwong xem video cua nguoi dung. Déc biét voi dit ligu anh
Light Field, chua c6 nghién ctru nao thyc sy dé xuat lién
quan.

Dé khic phuc van dé dao dong chat lugng véi khung
chinh dugc giai ma va khung WZ gbc, ching t6i dé xuat
trong phan tiép theo, mot tham s lwong tir hoa mai va thiét
14p ma tran lugng t hoéa cho khung chinh va ma hoa WZ.
Hon nita, 14y cam hing tir nghién ciru gan day ciia ma hoa
video JVET [11], chung t6i d& xuit chudn md héa VVC c6
d6 phtrc tap thip nhung hiéu qua dé ma héa cac khung hinh
chinh, st dung cho dir li¢u anh Light Field. Trong truong
hop nay, D-VVC duogc dé xuat s& c6 thé ké thira hiéu suét
nén cao cua giai phap VVC déng thoi dam bao chat luong
6n dinh trong khung chinh dugc giai ma va khung WZ.
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11l. PEXUAT MO HiINH MA HOA VIDEO PHAN
TAND_VVC

Trong phan nay, ching t6i s& mé ta kién tric D_VVC
duge de xuat. Sau do, ching toi trinh by cac cong cu mé
héa VVC di chon dé nén khung hinh chinh.

A. Cdu triic mé hinh D_VVC
Hinh 5 minh hoa kién traic D_VVC dugc d& xuét véi
nhiing diém méi, nhitng phan quan trong da dugc bdi vang.
D_VVC duoc dé xuit tuan theo cach tiép c4n ma héa DVC
cua Stanford thuong duogc ap dung trong by ma hoa
DISCOVER DVC [5]. Trong giai phap D_VVC dugc d¢
xut, ma hoa video VVC [11] dugc chon dé nén cac khung
hinh chinh thay vi sir dung céc tiéu chuan H.264/AVC hoic
HEVC.
Céu triic cia mé hinh D_VVC duoc mb ta nhu sau:
e  Qua trinh ma hoa:
- Hinh thanh va tich khung: Dit liéu LF trude hét
dugc giai nén va giai ma va biéu dién dudi dang 4D-
LF. Sau d6, cac chudi anh nho Sub-aperture image
(SAI) trong 4D-LF dugc nhom lai thanh mot chudi
gia s dung cach quét xody 6¢ nhur hinh 6. Tir déy,
nhiing Van dé ctia viéc nén anh da duoc chuyén sang
thanh van dé cua nén video. Khung du tién ciia moi
nhém anh (GOP) duoc g01 la khung chinh (Key),
dugc mad hoa bang cach tiép can mi hoa ndi bd
H.266/VVC tiéu chuin ma hoa méi nhét [11, 34],
chi str dung twong quan khong gian; do do, co thé
dat dugc do phuc tap thap. Ddi véi cac khung WZ
con lai, cac budc sau dugce thuc hién theo trinh tur.

Hinh 6. Phurong thirc quét xody dc dé tao video gid lgp cho LF

32 38 dB

33 12dB

- Mai hoa khung chinh (Key): Trong h¢ thong DVC,
khung chinh déng moét vai trdo quan trong vi thong
tin duoc giai ma cua nd sé dugc st dung tai bo giai
ma dé ginp tai tao lai cac khung WZ ban dau. Déi
v6i ma hoa khung chinh, chuan ma hoa VVC Intra
ap dung trong D_VVC dugc dé xuit. Trong ma hoa
khung chinh, chi sir dung mdi trong quan khong
gian; do d6, ¢ thé dat dugc do phuc tap thap va do
bén ciia 15i.

- Maihoakhung WZ: Ddi v6i ma hoa khung WZ, bién
ddi cosin roi rac, bo luong tir d6ng nhét va ma Kiém
tra chin 1é mat d¢ thap (LDPC) twong tg duoc ap
dung dé nén khung WZ gbc thudng duoc st dung
trong bd ma héa DISCOVER DVC [5]

e Qua trinh giai ma:

- Giai ma khung chinh: Tai b giai ma, dong bit dugc
ma hoa trude hét duge giai ma bang cach st dung
bd gidi ma VVC dé dat duoc cac khung chinh da
duogc giai ma. Cac khung chinh dugc giai ma sau do
dugc sir dung dé giai ma cac khung WZ phia sau.

- Giai ma khung WZ: Nhu da néu trong khai ni¢m ma
hoa phan tan [3, 4], DVC cho phép ma héa riéng
video dau vao, tirc 1a khung chinh va khung WZ,
nhung cing giai ma cac khung WZ bang cach sir
dung ca thong tin cia khung chinh va WZ. Viéc giai
ma chung duoc thyc hién theo cac budce sau:

- Tao thong tin phu (SI): Dé khai thac mdi twong quan
thoi gian gitta khung chinh va khung WZ, mot budc
goi 1a tao thong tin phu dugc thyc hién dé tao thong
tin phia bo giai ma, mot phién ban nhiéu ciia khung
WZ gdc. Trong bai bao nay, thut toan ndi suy thoi
gian bu chuyén dong nang cao [35, 36] dugc sit
dung dé tao SI chét luong cao.

- MO hinh nhidu tuong quan: Trong DVC, mbi tuong
quan giita cac khung WZ va SI ban dau dugc mo
hinh héa duéi dang phan phdi Laplacian va cac
khung chinh duoc giai ma dugc sir dung dé xay

29.86 dB 33 13 dB

Hinh 7. Hinh minh hoa chét leong chii quan khéng on dinh néu khong lua chon ding (OP, OM): di liéu Bikes

Hinh 8. Di lidu kiém thir cia hinh anh LF
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BANG I. PONG BO GIA TRI PSNR (DB) GIUA QPS VA QMS

QM
Dir li¢u QPs PSNR_Key 1 2 3 4 5 6 7 8
Bikes 46 23.38 2481  25.08 25.34 27.10 27.25 28.07 30.20 33.79
40 27.04 2774 2794 27.98 28.82 28.95 29.66 31.09 34.23
34 31.27 31.68  31.82 31.83 32.08 32.11 32.51 33.17 35.34
32 32.77 33.05 33.19 33.19 33.36 33.38 33.70 34.21 36.02
27 36.81 3645  36.61 36.60 36.71 36.71 36.98 37.32 38.46
22 41.22 39.36 3961 39.58 39.69 39.68 40.02 40.40 41.45
Books 46 25.30 26.81  27.09 27.35 29.25 29.41 30.44 32.63 36.44
40 28.63 29.31  29.52 29.60 30.64 30.81 31.71 33.33 36.74
34 32.99 3281 3298 33.01 33.45 33.54 34.15 34.98 37.43
32 34.52 3395 3412 34.17 34.57 34.63 35.15 35.84 37.96
27 38.40 36.29  36.50 36.53 36.93 36.97 37.48 38.04 39.62
22 42.27 37.73 3798 38.01 38.48 38.52 39.08 39.70 41.21
Black Fence 46 24.63 2583  26.09 26.21 27.71 27.80 28.70 30.68 3451
40 28.82 29.50  29.73 29.75 30.34 30.42 31.04 32.23 35.31
34 33.31 33.47  33.66 33.66 33.95 33.98 34.40 34.95 36.88
32 34.85 3482 3501 35.00 35.24 35.26 35.61 36.06 37.62
27 38.86 37.80 38.04 38.02 38.27 38.27 38.60 39.03 40.08
22 43.01 40.07 4041 40.36 40.68 40.67 41.07 41.65 42.78
Poppies 46 22.95 2474  25.02 25.23 27.11 27.19 27.81 30.19 33.92
40 27.02 27.70  27.95 28.06 29.20 29.25 29.81 31.52 34.70
34 31.45 30.84 3111 31.17 31.95 31.99 32.48 33.70 36.19
32 32.99 31.78  32.07 32.13 32.88 32.92 3341 34.53 36.85
27 37.04 33.60  33.97 34.02 34.84 34.87 35.39 36.50 38.58
22 41.30 3460  35.02 35.08 36.03 36.04 36.65 37.88 40.02

dung xéc suat nhu véy.

- Tai tao: Cudi cung, cac bit chin 1¢, thu dugc tir bo
giai ma LDPC, cung véi SI va thong tin nhidu twong
quan dugc udc tinh tr cac budc trude duge st dung
dé tai tao lai khung WZ. bé dat duoc su tai tao tdt,
viéc xdy dung lai WZ dya trén sai s6 binh phuong
trung binh (MMSE) tbi thiéu [37] dwoc 4p dung
trong c4u trac D_VVC.

B. Ma héa khung hinh chinh bang VVC Intra

H.266/VVC la tiéu chuin ma héa video méi nhat, duogc
ITU-T va ISO/IEC cing xut ban. Dy an ma hoa video nay
da duoc bét dau tir ndm 2015 trong giai doan tham do; &
giai doan phat trién, nhom cong tac chung bit dau soan thao
phién ban dau tién ctia bd ma hoa nay vao nim 2018. Vao
thang 7 nam 2020, bd ma hoa VVC dugc cong b 1a chuan
nén video thé hé tiép theo. Tiéu chuin video nay dugc thiét
ké dé hiéu qua va linh hoat dé dap ing nhu cau truyén thong
hién dai.

Déi v6i hidu qua mi hoa, H.266/VVC dugc bd sung
nhiéu cong cy ma hoa méi so véi tiéu chuan H.265/HEVC
[9] trudc d6 nhu d6 phan giai vecto chuyén dong thich ung
(AMVR), ché d6 phan vung tam giac (TPM), ma tran dya
trén ndi du doan (MIP), phéan vung khdi linh hoat véi cay
da loai (MTT), du doan trudc sau véi trong s6 CU (BCW),
bién d6i khdi phu (SBT), va nhiéu cai tién gia ting cua thiét
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ké mi hoa video lai ¢ dién [34]. Dya trén sy cai tién cua
cac cdng cu ma hdéa maéi, murc giam tdc do bit dugc bao cao
la khoang 50% so véi H.265/HEVC, dic biét, H.266/VVC
c6 thé sur dung cho video d6 nét cuc cao, vi du: 4K hodc
8K, ciing voi dai dong cao va gam mau rong [34].

Dbi v6i tinh linh hoat, chudn ma héa méi bao gdm ba
khia canh quan trong, duoc giai quyét cho cac ing dung cu
thé, 6 1a ma hoéa ndi dung man hinh cho mot s6 img dung
(vi du: choi game, chia sé man hinh), ldy mau hinh anh
tham chiéu dé phat truc tuyén twong thich véi chuyén déi
d6 phan giai va hinh anh phy doc 1ap dé phét truc tuyén
video 360 do [34].

Vé quy trinh md héa WZ, chudi video gia lap 4D-LF
dugc ma hoa va giai ma bang ché d¢ cu hinh trong khung
(Intra), dwoc nang cip 1én 67 huéng du doan, so voi 35
huéng dy doan cua HEVC. Do d6, c6 mot loi thé cho hiéu
suit nén cia D_VVC duoc dé xuit dwa trén tiéu chuin
H.266/VVC

IV. TAO TINH ON PINH TRONG CHAT LUQNG
ANH LIGHT FIELD

Chat lugng video dong by dong mot vai trd quan trong
trong céc h¢ thong hién thi hién nay. Hinh 7 minh hoa video
dugc giai ma béng D_VVC nhung chua lya chon bd dé
Xuét (QP, QM). O day, QP va QM duoc lya chon ngiu
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nhién, cu thé QP = 30 va QM = 0 cho dit liéu Bikes.

Nhu da trinh bay, véi cai dat (QP, QM) khi chua duogc
lwa chon va su dung ngau nhién, chat luong cua cac khung
WZ dugc giai ma s& thip hon chat lugng cta cac khung
chinh duoc giai ma. Van dé nay dwong nhién s& anh huong
dén chit luong xem, khién chit luong video bi dao dong
khong mong mudn. Dé giai quyét van dé dao dong chit
luong cua video, chung t6i trinh bay trong bai bao nay mot
thir nghiém mo rong dé chon cau hinh (QP, QM) cho ma
hoéa khung chinh va khung WZ tuong ung.

V6i muc dich nay, bon dit liéu LF khéac nhau dugce sur
dung dé kiém tra, Bikes, Books, Black Fence va Poppies,
nhimg dit liéu LF nay da dwoc giai md va bién dbi dé tan
dung cac hinh anh SAls cta LF dé tao ra video gia nhu
Hinh 8.

Pé ¢o duoc su da dang cua chét luwong video dugc giai
mi, cac QP dugc dat tir 22 dén 46, va két qua chét lwong
PSNR duogc giai ma nam trong khoang tir 30dB dén 40dB.
Vi mé hoa khung chinh anh huéng dén hiéu suit ma hoa
khung WZ, do do, cac QM dugc lya chon cAn than dua trén
cai dat QP va dudi sy dao dong tdi wu cua chét lugng. O
day, su lya chon tdi wu cho su dao dong cua chét luong
dugc do ludng thong qua sb liéu Delta PSNR duoc tinh
toan dya trén trung binh ciia khung chinh va chat luong
khung hinh dugc gidi ma WZ.

DeltaPSNR = |PSNRKey - PSNsz| (1)

Co thé théy, Delta PSNR nho hon, mtrc d§ dao dong chét
luong video thép hon. Bé dat dugc kha nang chét lwong
nhét quan va on dinh, dbi v6i mdi QP, QM c6 thé dugc
chon Delta PSNR thap nhat. Diéu nay ¢ nghia la

QM = argmin Deltapgyg 2
QM={1,2,.8}

Tir cac két qua thu dugc trong Bang I, dé dat duoc su 6n
dinh vé chat lugng, cé thé chon ma tran (QP, QM) nhu

nhau, ciing v6i bo dé xuat (QP, QM) dé nén khung chinh
va khung WZ. Bbn chudi thir nghiém phd bién, Bikes,
Books, Black Fence va Poppies dugc st dung véi dinh
dang YUV 4: 2: 0, kich thuéc QCIF va ¢ d6 phén giai
15Hz.

Dé danh gia hiéu suat nén D_VVC va chat lugng 6n dinh
clia video, chung t6i trinh bay 2 diém trong tim trong phan
nay: i) danh gi4 tong thé hiéu suat RD ciia D_VVC; ii) danh
gia chat lugng 6n dinh cta video.

B. Banh gia hiéu nang ma hoa

V& hiéu suét nén, hiéu suat RD duoc sir dung rong rai
cho cac luge d6 mi héa video ciia Bjentegaard Delta (BD)
-PSNR va Bjgntegaard Delta (BD) -Rate [38]. Hinh 9 trinh
bay so sanh duong cong RD gitra gidi phap ma héa D_VVC
va cac chuidn ma hoa lién quan khac, d6 1a DVC dya trén
HEVC duoc goi la DVC-H.265/HEVC [10] va
DISCOVER codec [5]; trong khi BD-Rate va BD-PSNR
duoc tinh trong Bang III.

BANG III. HIEU NANG BD-RATE VA BD-PSNR GIUA
D_VVC VA CAC CHUAN KHAC

D_VVCvs DVC- D_VVCvs
LF H.265/HEVC DISCOVER [5]
sequences [10]
BD- BD- BD- BD-
Rate PSNR Rate PSNR
Black fence  -35.78 3.78 -47.02 5.42
Bikes -29.01 2.38 -31.47 3.48
Poppies -42.71 3.44 -51.08 441
Books -40.40 3.29 -50.16 4.42
Average -36.97 3.22 -44.93 4.43

trong Béng II’ i N
BANG II. GIA TRI QP VA QM LUA CHON CHO DU LIEU
LF

Bikes Books Eé?]il; Poppies
QP | QM | QP OM | QP | QM | QP | QM
46 1 46 1 46 1 46 1
40 1 40 1 40 1 40 1
34 1 34 2 34 1 34 3
32 1 32 4 32 1 32 5
27 5 27 7 27 7 27 7
22 7 22 8 22 8 22 8

V. PANH GIA VA KIEM THU
A. Phuong phap danh gia

Dé danh gia chat luong 6n dinh va hiéu suit cia bo ma
héa D_VVC, higu sudt téc df - su bién dang (RD) cua bo
ma héa D_VVC dugc so sanh vGi cadc chuan ma héoa khac
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Tir cac két qua quan sat duoc, co thé rat ra mot sb két

luan nhu sau.

- D_VVC so v6i DVC-H.265/HEVC: Véi DVC-
H.265/HEVC, giai phap D_VVC duoc dé xuét cai
thién dang ké hiéu suat RD cho tit ca cac chudi
video gia 1ap 4D-LF, v6i nhiéu loai ndi dung khac
nhau. Nhu quan sat thiy, mic giam BD-Rate tuong
ung cua loai ndi dung 1a 35,78%, 29.01%, 42,71%
va 40,40% thu dugc dbi véi cac loai ndi dung la
Black fence, Bikes, Poppies, va Books. Do do, cai
tién hiéu sut thu duoc chimg minh hiéu qua cua
chuin mi héa VVC duoc nang cip trong kién triic
D_VVC.

- D_VVCso v6i DISCOVER codec: D_VVC dé xuat
da dat duoc két qua 4n tuong vé hiéu suét nén so véi
DISCOVER codec v6i mirc giam téng cong cua
bitrate khoang 44,93%. Ngoai ra, tinh dén mdi
turong quan cao giita cac SAI va do phuc tap thap
clia giai phap mi hoa WZ, kién traic D_VVC dat
dugc hiéu ning nén dang ké, cu thé ting thém
5.42dB cho Black fence va trung binh khoéng 4,4dB
d6i v6i cac loai dit lidu khéc.

C. Ddnh gid si on dinh chat lwong video

Trong bai bao nay, dé dat duogc su 6n dinh cta chét luong

video, d& xudt mai cho bd (QP, QM) duoc trinh bay trong
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Bikes
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23.38 dB

Phan 4 dé c6 thé ap dung twong tmg nhu khuyén nghi cai
dat cia bod ma hoa DISCOVER [5, 12].

Dé danh gia chét luong video dwoc giai mi lién tiép theo
cac khung hinh véi b QP, QM méi dugce dé xuéat, Hinh 10
cho thiy chit lugng cht quan khé 6n dinh va nhat quan ctia
5 khung hinh video lién tiép v6i bo (QP = 46, QM = 3) da
duoc dé xuat cho dir liéu Bikes. Trong thir nghiém nay, ban
6 13i lién quan dén mdi khung hinh da giai ma dugc tinh
bang cach st dung thong tin gdc, va Delta PSNR duoc tinh
cho mdi cai dat (QP, QM).

VI. KET LUAN

Trong bai bao nay, mdt gidi phap ma hoa video phén tan
méi dd duoc dé xuat 4p dung chudn méa hoa video mai nhét
VVC. Céc cong cu ma hda trong khung VVC Intra dugc st
dung d& nén cac khung hinh chinh trong khi ma héa DVC
duogc st dung dé nén cac khung hinh WZ. pé dat duoc chét
luong nhit quan va 6n dinh cho chudi video duoc giai ma,
mot bd tham sé luong tir (QP) va ma trén luong tir (QM)
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Hinh 9. Ddnh gid hiéu sudt RD tong thé ciia gidi phap mé héa D_VVC

Hinh 10. Minh hoa chdt lwong chii quan on dinh véi cdi dit (QP, QM) dwoc dé xudt: dit liéu Bikes

Books
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da dugc dé xuét dé ma hoa tuong (mg cho khung hinh chinh
va mi hoa khung hinh WZ. Cudi cing, mgt danh gia hiéu
sudt tong quat duogc thuc hién dé kiém chimg hiéu ning cua
giai phap D_VVC so sanh v6i bo mé hda DISCOVER
DVC va giai phap DVC-HEVC gan day. Két qua cho thay
bd ma héa D_VVC di cung cip mot hiéu ning nén tdt, kém
theo v6i su 6n dinh cua chit lwong hién thi thong qua bd
(QM, QP), dac biét ap dung cho dir liéu anh Light Field, so
v6i cac chuan ma hoa lién quan.

Cong viéc trong twong lai c6 thé nhom tac gia s& tap
trung vao viéc tim ra mét thuat toan kiém soat chat luong
6n dinh mang tinh ty dong, cod thé wdc tinh chét luong cua
khung hinh WZ duwa trén ndi dung dau vao video.
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A CONSISTENT LIGHT FIELD IMAGE
QUALITY CONTROL BASED ON THE
DISTRIBUTED VIDEO CODING AND H.266/VVC

Abstract: Distributed video coding (DVC) is a
promising encoding solution for low complexity video
applications such as wireless sensor networks or video
surveillance systems. The requirement for image quality
stability is one of the important issues in advanced display
systems. However, most recent distributed video encoding
solutions, which are developed based on H.264/AVC or
H.265/HEVC standards, cannot provide video with stable
quality. In this paper, we propose a distributed video
encoding solution with quantization matrices (QMs)
applied to Light Field data, ensuring stability in display
quality and improving compression performance. In the
proposed DVC solution, the latest video coding standard,
Video Versatile Coding - VVC is selected appropriately to
compress Key frames. Meanwhile, to achieve stability in
video quality, quantization parameters (QPs) choose to
compress key frames and quantization matrices (QMs)
choose to compress Wyner-Ziv frames (WZ) will be
explained in detail in the article. The test results show that
the proposed distributed video encoding solution with
integrated VVC codec (D-VVC) is significantly superior to
other related DVC encoding solutions, especially
distributed encoders. DISCOVER and recent DVC-HEVC
solution, in terms of compression performance while
providing stability for better picture quality for decoded
video.

Keywords: Light Field coding, Distributed video coding,
Image quality assessment.
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