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CAI TIEN HAM TINH DO MEO TRONG
QUA TRINH TOI YU DO MEO-TOC PO BIT
CHO BO MA HOA VIDEO H.266/VCC
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Hoc vién Coéng nghé Bwu chinh Vién thdng

Tém tit: Ma hoa video linh hoat (VVC) hay con duoc
goi 12 H.266 1a chudn mi hoa video méi nhét va la phién
ban ké thira cia ma hoa video hiéu suat cao (HEVC). Ciing
nhu tén goi ciia minh, VVC 1a chuan ma hoéa hiéu qua véi
nhidu néi dung video va tmg dung. Trong VVC c¢6 nhiéu
cong cu ma hoéa mai so voi HEVC, tuy nhién chua thyc sy
¢6 nhiéu nghién ctru vé t6i wu tde d6 - dd méo (RDO) —
mot ky thuat quan trong trong ma hoa video dé xac dinh
ché @6 ma héa cho mot don vi ma héa nao do dé dat duoc
hiéu nang téc d6 - 46 méo tdi wu. Bai bao nay dé xuat mot
thuat toan udc lugng do méo cua cac khéi hinh trong qué
trinh tdi wu RDO dua trén dai luong do khach quan két hop
nhiéu phuong phép danh gia video (VMAF). So véi thuat
toan RDO sir dung dai lugng do khach quan phd bién
thuong dugc dung trong cac chuian ma héa video la tong
céc sai s6 binh phuong (SSE), thuat toan dé xuit da dat
duoc muc tiét kiem tdc do bit Ién toi 8.41% khi thuc hién
trén bo méa héa H266/VVC.

Tir khéa: VMAF, RDO, H266/VVC.

I. GIOITHIEU

Cac tring dyung video d¢ trung thuc cao ngay cang tro
nén phé bién dan dén nhu cau vé céc ki thuat ma hoa video
hi¢u qua cao hon nita. Ma hoa video da nang (VVC) hay
con duoc biét dén 1a H.266/VVC la chuan ma hoa video
méi nhat dugc thiét ké voi muc dich cung cdp kha ning ma
héa hi¢u qua dap ang mot ddi rong cac tng dung va noi
dung video. Céac nghién ctru [1] [2] cho thay VVC ¢6 su cai
thién chat luong tir 32% dén 43% so véi HEVC tly thudc
vao d6 phan gidi ciia noi dung video. Bé dat dugce dicu do,
chuan ma hoa video nay gom nhiéu phuong phap mai bao
gom viéc duara nhiéu ché d6 ma hda, t6i vu qua trinh lya
chon tham s6 luong tir, loc nhidu.

Trong cac hé théng ma hoa video thuc té, kiém soat toc
d6 dong mot vai tro quan trong vi ¢6 nhiing han ché vé bang
thong hodc luu trit trong cac ung dung cu thé. Muc dich cua
t6i uu hoa toc do bit — dd méo 1a toi wu hoa chat hrorng
video, glam thleu su bién dang cta video tuy thugc vao cac
han ché vé toc do bit. Cac yéu cau va phuong phap cua
RDO khéng mang tinh chuan muyc trong tat ca cac tiéu
chuan mad hoa video nhung déy 1a yeu to quan trong dnh
huong dén hiéu suat caa bo ma héa, Nhiéu tinh nang nang
cao (vi du lya chon kich thuéc khéi) trong cac chuan ma
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hoa video s& khong mang lai hi¢u qua néu khong co qua
trinh RDO. RDO phai chon cac che d6 va bo tham sé tot
nhat cho mdi khdi hinh video. Déi véi chudi video dugc
chia thanh cac don vi ma hda, bai toan RDO c6 thé duoc
biéu dién nhu sau:

min YN, D; véi didukien YV, R; < Ry 1)

trong d6 D; va R; 1a d6 méo va téc do bit cua don vi ma
héa th i. N 12 téng s6 cac don vi ma hda va Ry 12 tong toc
do bit hign co. Bai toan (1) duoc quy vé bai toan tim cach
phén bo toc d6 bit téi uu cho mdi don vi ma hoa véi rang
bugc vé toe do bit sao cho d méo cua chudi video nén dat
gi& tri nho nhat c6 thé.

Trong cac b md hda cua cac chuan ma héa video, bai
toan t6i vu trong biéu thire (1) duoc chuyén thanh bai toan
t6i wu khong rang budc bang cach su dung nhan tu
Lagrange A va moi don vi md héa dugc xu ly riéng biét va
doc 1ap theo thir tw ma hoa. Nhan tir Lagrange sé quyét dinh
trong so6 twong doi gitra toc do bit va do méo trong viéc lua
chon ché d6 mé héa va diéu nay s& anh huang rat nhiéu dén
chat lwong hinh anh va téc d6 bit. RS rang A can duoc xac
dinh truéc khi tinh toan do méo D; va téc dé bit R; thyc té.
Do d6 dicu quan trong la phai u¢c lugng duge do méo D;
sao cho phu hgp méi chic chat lugng hinh anh. Trong cac
chuan mé héa video hién nay, d6 méo thuong duoc do bang
cac phuong phap do khach quan. Pé cai thién hi¢u nang ma
héa video, rat nhiéu phuong phép da duge dé xuit thay thé
dai luong danh gia chat lugng khach quan trong gua trinh
RDO bang mét dai luong khac gan véi chi quan cam nhan
cua mat nguoi hon

Méc du phuong phap danh gia khach quan d& trién khai
nhung cach tin cay nhat dé danh gia chat luong hinh anh la
déanh gia chu quan béi vi nguoi xem 1a nguoi cam nhan cuol
cung trong hau hét cac ung dung. Phuong phép diém sd y
kién trung binh (MOS) [3] 1a dai luong do chat lugng cha
quan duoc thuc hién bang cach lay y kién ciia mot SO nguoi
quan sat. Tuy nhién, phucmg phap MOS nay can nhiéu thoi
gian do va kho tich hop vao trong cac tng dung. Do vay,
muc tiéu cua viéc nghién ciru cac phuong phap do chat
lugng hinh anh khach quan la thiét ké cac phuong phap do
chat lugng c6 thé du doan dugc chat lwong hinh anh nhan
dugc mét cch ty dong. Phuorng phap do khach quan
thuong dugc sir dung trong cac chuan ma héa video 1a tong
binh phuong sai s6 (SSE) do don gian trong tinh toan, c6 y
nghia vat ly rd rang va dé dang vé& mat toan hoc dé giai
quyét bai toan tdi wu. Tuy nhién phuong phéap nay khong
phan 4nh dtng chit lvong cam nhan ciia mét ngudi.

Di ¢ rat nhiéu nghién ctiu vé cac phu(mg phép do cht
lugng hinh anh khach quan két hop Véi cac dai luong do
chat lugng cam nhan bang cach xem xét dic tinh cua hé
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thong thi gidc nguoi (HVS). Mot s6 dai luong do da dugc
dé xuat gom chi sb twong dong vé mat cau trdc (SSIM) [4],
dai luong do chat lugng video (VQM) [5]. SSIM wdc tinh
Su suy giam cua tinh tuong dong vé ciu tric dua trén cac
thugc tinh théng ké caa théng tin cuc b glua anh tham
chiéu va anh bi méo. Day 1a phién ban cai ticn cua phuorng
phap chi sb chat lwong hinh anh pho quat trude do6 va ket
horp ba dai lugng do tinh tuong dong cuc bo dua trén do
sang, d6 twong phan va cau trdc. Trong bai béo [9] dai
luong SSIM duoc sir dung dé do do6 méo trong qua trinh
RDO. Céc phuong phdp trong [10] [8] dé xuat st dung
SSIM dé tinh cac hé s6 trong qua trinh bién d6i DCT. vVQM
cta Pinson va Wolf du dodn mét cach chat ché cac xep
hang chat luong chu quan. PhuO‘ng phap nay duya trén cac
bo loc suy giam, cac bg loc nay két hop céc phép do do mo,
giat, nhiéu toan cuc, do méo khbi va d6 méo mau. VQM
tinh toan bay tham sb dua trén cc dic trung chét luong
khéc nhau. Nhirng tham sb nay thu dugc bang cach loc cac
video bi suy giam va video tham chiéu dé trich xuat cac
thugc tinh quan tdm. Céc tinh nang khong gian-thoi gian
sau d6 duoc trich xuat va bang cach so sanh céc sé liéu
thdng ké cua ving video géc va video bi suy giam da duoc
loc, ta s& thu dugc tham s6 chat lugng cho tinh ning nay.

Hoan toan khac biét véi cac phuong phép nay 1a mot dé
Xuat béi cac nha nghién cau Netflix co tén goi Két hop
nhicu phuong phép danh gid video (VMAF) [12]. Day la
phu(mg phap du doan chat lugng chu quan dya trén hoc
may, két hop mot s6 dai luong do bao gom: dai hrorng do
mat chi tiét (DLM), VIF (& bon thang do khac nhau) va sy
sai khac khung hinh trung binh theo thoi gian bang cach su
dung phuong phap hoc may vecto hd tro (SVM). Mot So
nghién cau [13] - [15] da cho thdy VMAF dat két qua t6t
hon so v6i cac phuong phap do khich quan trudc d6 va no
co mbi tuong quan 16n voi MOS, Trong mot s6 nghién ciu
gan day [16] - [18] cac tac gla d8é xuit cac phuong phép str
dung VMAF vao trong qua trinh t6i wu RDO bang
phuonwg phéap hoc may. Tuy nhién, qua trinh st dung mé
hinh hoc may dé woc luong gla tri lwong tir ¢6 thé lam tang
thoi gian mé héa cua bo ma hda. Trong bai bao [19], md
hinh m6 ta mdi quan hé gitta VMAF va SSE duoc st dung
d¢ ma hoa cac khoi hinh video. Tuy nhién, phwong phap
nay doi hoi phai tinh VMAF ngoali tuyen trude khi mé hoa.
Vi vy, phuong phéap nay doi hoi mat nhiéu thoi gian hon
S0 VGi phuong phap thong thuong. So di viéc phai xay dung
mo hinh md ta mbi quan hé giita VMAF véi mot dai luong
khach quan khac 1a do khéng thé do chat lwong bang
VMAF tryc tiep trong qua trinh RDO. Vi vay, cac phuong
phap nay déu phai do gia tri VMAF thong qua mot dai
lugng khach quan khac dé cé thé &p dung cong thic tinh
toan trong qué trinh RDO.

Trong bai b4o nay, md hinh md ta méi trong quan gira
VMAF va PSNR (Peak Signal Noise Rate) dugc dé xuat
nham danh gia chit lwong video dugc chinh x4c hon, tir 46
lam tang hi¢u nang cho qua trinh RDO. Cy thé, phuong
phap d& xuét st dung dai lwong VMAF thay cho PSNR Ia
mot dai lugng khach quan thuong dugc ding trong ma héa
video truyén théng dé tim méi twong quan giita Rate-QP va
Distortion-QP. Tur d6, ham chi phi trong qué trinh RDO
duoc tinh va lua chon gia tri QP t6i uu sao cho chi phi ma
héa 1a nhé nhat.

Phan tiép theo cua bai bao dugc C4u tric nhu sau. Phan
11 gigi thigu vé ky thuat RDO trong md hoa video va tham
s6 danh gia chat lugng video VMAF. Phan 111 md ta
phuong phap dé xuat. Cac tham sb mo phong va két qua
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mo phong duoc trinh bay trong Phan 1V va két luan dwoc
duara trong Phan V.

II. CAC NGHIEN C’U LIEN QUAN

A. RDO

Bit dau tir tiéu chuan ma héa video H.264, thuat toan
RDO dugc str dung da dat duoc nhiing uu, diém vuot troi
S0 V&i CAC chudn ma hoa video trude d6 vé higu ndng ma
hoa [15]. Thuat toan RDO gilp bo ma hoa lya chon ché do
mé& hda ti uu nhat trong so rat nhiéu cac ché do ma hoa.
Cu thé, qué trinh RDO gilp tdi thiéu hoa do6 méo hinh anh
(D) ing véi mot gié tri tbe do bit cho truéc Re bang cach
Ira chon cac tham s6 mé hda phii hop. Bai toan trén dugc
dua vé bai toan tim cuc tri cta D véi diéu kién rang budc la
tbc do bit R < R,.

Dé giai bai toan trén, phuong phap nhan tir Lagrange
dugc sir dung. Y tudng co ban ciia phuong phap nay 1a im
nhan tir Lagrange va cac gia tri D, R sao ham chi phi dat
gia tri nho nhat:

J=D+AR (1)

Trong d6 J Ia ham chi phi Lagrange va 4 la nhan tu
Lagrange. Khi méi quan hé giita R-D la ham 15i, R va D
kha vi tai moi diém thi J dat cuc tiéu khi:

aj _ dp _
Trong cac chuan ma hoa video, mdi quan giira R va D

duoc biéu dién bang biéu thic:

R(D) = alog, (2) (3)

Trong d6 a va b 1a cac hé s6 khdng doi. M6 hinh ciia do
méo D duoc biéu dién bang biéu thuc:
p=%% @)
3
Trong d6 QP 1a tham s6 luong tir. Thay (3), (4) vao (2)
ta co:

1=—2=c.Qp? (5)

Vi ¢ la hang sb va cé gia tri bing 0.57 trong tiéu chuan
ma héa video H.266/VVC. bBé tim gia tri tri nho nhét cua
ham chi phi, b6 ma hoa s& ma héa nhiéu ché d6 khac nhau
bao gom ché d¢ lién anh, ngi anh, céc kich thudc khdi khac
nhau va céc gia tri QP khac nhau. Véi mdi ché do ma hoa
s& cO mot bo ba gié tri R, D va 4 dugc tim va ham chi phi J
dugc tinh theo cbng thuc (2). Ché d6 nao dat duoc gla triJ
nho nhét s& duoc lya chon. Trong hau hét cac bo ma hoa
hi¢n nay, gia tri D duoc tim bang cach tinh gié tri khac biét
glua anh goc va hinh anh dugc gidi nén. Mic du viéc danh
gia d6 méo dya vao phwong phap khach quan c¢6 uu diém
la hi¢u qua trong tinh toan nhung c6 nhugc diém 1 d¢ chinh
xac khdng cao so vai phuong phap cha quan. Vi vay, trong
bai bao nay, phuong phap do do méo s& sir dung tham so6
VMAF la tham sé két hop ca phuong phap khach quan va
chu quan.

B. VMAF

Danh gia chat luong & mot nhu Cau thiét yéu trong
nhleu dich vu video, cung véi su phat trién cuia mot sb chi
s6 do chit luong dé tan dung loi thé cua danh gia tw dong.
Pé c6 dugc mot chi s6 chat lugng cam nhan pha hop,
Netflix da phat trién mot chi sé chat luong cam nhan c6 tén
la Két hop nhiéu phuorng phap danh gia video (VMAF) dé
cung cap diém so chinh xac cho cac ngi dung khac nhau
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nhu chuong trinh truyén hinh timg doat giai thuéng, phim,
phim hoat hinh, phim tai liéu.

Spatial Feature Temporal Feature

VIF DLM Motion

| | I

| | ]
!

VMAF

model

VMAF
score

Hinh 1. Minh hoa sir két hop cac chi sé do trong VMAF

Y tudng vé VMAF la sy két hop ciia mot sé cac chi so
d¢ duy tri cac diém manh nhu duoc mo td trong Hinh 1. C6
nhiéu tinh ndng va chi s6 da duoc st dung rong rai, nhung
ba chi s co ban la VIF, DLM va Motion, duoc ap dung
trong phién ban VMAF hi¢n tai. Dé giai thich 16 hon, VIF
dinh lugng sy mat mat cua thdng tin hinh anh tir quan diem
cta ly thuyet thong tin, trong khi DLM do lwong su mat chi
tiét anh huong dén hién thi noi dung. Ca hai chi s6 deu nam
bit duoc dic dlem khong gian cta video, va chi ) con lai
- Motion bao gém dic diém thoi gian. Su sai khac vé pixel
dugc tinh todn gitra cac khung hinh lién ké cho chi so6
Motion. Hon nita, VMAF sir dung loi thé cua thuat toan
hoc may higu suat vuot troi thong qua hoc c6 giam sat (tic
1a hdi quy SVM) thay vi ddnh trong ) truyen thdng. Ban
dau, dé tao ra mot bo dir liéu cho danh gia chu quan duoc
tiéu chuan hoa, video voi nhleu tinh nang khac nhau duoc
ma hoa ¢ cac do phan gidi va toc d6 bit khac nhau, sau do
ngudi quan sit dua ra diém s bang cach so sanh nhung
khiém khuyét cua video clip bi méo. Cudi ciing, mé hinh
VMAF st dung hdi quy SVM duoc dio tao dya trén dlem
s6 thu thap duoc tir nhitg ngudi quan sat dé gan trong )
phu hop cho céc chi s co ban. Dua trén két qua thuc
nghiém cho thay thang do VMAF dat d6 chinh xé4c cao
trong cac trueong hop video c6 d6 phén giai cao.

111.PHUONG PHAP DE XUAT

Trong mot sb  phuong phap trude ddy, cic mo hinh D-
Q va R-Q duoc dé xuat st dung VMAF & mirc mé héa khbi
hinh (macroblock). Tuy nhién, do kich thugc khéi hinh nho
nén viéc sir dung VMAF dé do chét luong sé khong con
chinh xac. Vi vay, thong thuong, gia tri VMAF sé dugc udc
luong thong qua dai hrgng khéch quan. Vi cach tuong tu,
trong bai b&o nay, ham s6 mo ta moi quan hé glua VMAF
va SSE duoc xay dung dé tinh ¢ méo cua céc khdi hinh.
Tir 6, ham R-Q va D-Q duoc thiét lap dua trén VMAF.

Dé thiét Iap ham R-D va D-Q, cin cir trén méi quan hé
gifta 46 meo va chat luong ty 1é nghich vé6i nhau, d méo
ctia mdi khung hinh dugc tinh nhu sau:

1
VMAF (6)

D=
Khi @6, cong thire tinh ham chi phi (1) c6 dang nhu sau:
J=——+AR @

VMAF
Be udc luong gia tri VMAF thong qua gia tri SSE, mot
ham gan dang mo ta moi tuong quan gitta VMAF va SSE
duoc xay dung dua trén két qua do VMAF va SSE. Cu thé,
sau khi ma hda 05 chudi video véi do phan giai 352x288,
1280x720 va 1920x1080 vai cac muc lugng tir QP khéc
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nhau, gi4 tri VMAF va SSE cua cac khdi hinh kich thuéc
64x64, 128x128 dugc ude lugng. Dya trén tap dit liéu nay,
duong cong md ta mdi quan hé giira SSE va VMAF dugc
xay dung.

Khéi hinh i cdn Khéi hinh i cta
' Khdi hinh i < do VMAF ) W hinh géc
U N
(@ (b) ©

Khung hinh gbc sau khi
duge giai ma voi khdi
hinh i can do VMAF

Khung hinh gbc sau khi
dugc giai ma véi khdi
hinh i ctia khung hinh géc

Khung hinh gbc

Hinh 2. Phwong phdp wée lwong VMAF cho céc khoi
hinh.

Hinh 2 m6 ta qua trinh ude lugng gié tri VMAF cho
mot khdi hinh tht i trong khung hinh sau giai ma. Gia st
khoi hinh thir i cé kich thudc bat ky trong khung hinh sau
giai ma can do VMAF. Khung hinh sau giai ma c6 muc
chat lugng 12 VMAE, .. Sau khi thay khéi hinh | ciia khung
hinh géc vao khung hinh sau giai ma, mac chét lugng cua
khung hinh sau khi dugc giai ma la VMAF/,.. Khi d9, gia
tri ude lugng VMAF cua khung hinh i sé la:

VMAF; = |VMAE,,. — VMAF/.| (8)
Dé udc lwong 6 méo dua trén VMAF, tir (6) va (8) ta

c6 dd méo cua khdi hinh thir i sé la:

D = 1
L |VMAFrec—VMAF, (|

9)
Hinh 3 mo ta gia tri Di cta cac khdi hinh va gia tri SSE;
tuong rng cta khoi hinh do tai 4 muac QP bang 26, 30, 34
va 38.
16Hém.gén ding mé ta méi quan hg gitra D* va SSE

* D@ liéu
——Ham gén ding

D* =210 SSE? - 5.10*SSE + 34.1
R?=0.99

4 6 8 1‘0 1‘2 14
SSE <10*
Hinh 3. Mdi quan h¢é giiza D* va SSE cua chudi BQMall

14Hém gan ding mé ta méi quan hé giiva D* va SSE
+ Doligu
12 2 ——Ham gén ding| |

- D* =2.10 SSE2 - 3.10*SSE + 22
R?=099

2 4 6 8 10 12
SSE x10*

Hinh 4. Méi quan hé giia D* va SSE cua chudi BasketBall
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Bdng 1. B¢ chinh xé&c cia ham gan diing mé ta méi quan
hé giiza D" va SSE

R square ctiia ham
Chuoi video VMAF-PSNR
Basketball 0.99
Partyscene 0.99
BQMall 0.99
RacingHorse 0.97
Campus 0.98

Tir két qua do ta thay cac ham gan dung mé ta mi quan
hé gitra D" va SSE c6 d9 chinh xac Ién ti 99%. Vi vay,
ham gan dang tong quat duoc xay dung dua trén gia tri
trung binh cua cac gia tri D* va SSE cua 05 chudi video
thar nghiém. Sau khi liy trung binh gia tri d méo dya trén
VMAF cua céc khéi hinh (D) va d6 méo dya trén SSE cua
cac khdi hinh tai mdi mac QP, ta ¢6 ham gan ding mé ta
mdi quan hé d6 méo cua khdi hinh dua trén VMAF va gia
tri SSE nhu sau:

D* = 107°SSE? — 3.1074SSE + 27 (10)

14Hém gan ding mé ta méi quan hé giiva D* va SSE

12 Ham gan ding| |

D' =107 SSE? - 3.10#SSE + 27
10 R?=0.99

2 :
0.4 0.6 0.8 1 1.2 14 1.6

SSE ><105
Hinh 5. Ham gan diing mé ta moi quan hé giiza D* va SSE

Thay gia tri @ méo trong cong thuc (10) vao cong thuc
(1) ta 6 ham t6i vu méi nhu sau:
J=D"+AR (12)

a. Bank b.

Coastguard

c. Crossroad d.

Hinh 6. Khung hinh dau tién cia 4 chudi video thir
nghiém
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Hinh 7. So sanh hiéu nang giita phwong phap dé xuat véi
chudn H.266/VVC trong ché dé ma hda ngi khung (Inter
coding mode) va lién khung (Intra coding mode)
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Bdng 2. So sanh hiéu nang B méo — Toc do bit phiong phdp dé xudt véi H.266 va phicong phap [19]

Phuong phap dé Phuong phap dé
H.266/VVC Phwong phip [19] Phuong phip d& xuit xuit va H.266 xuit va [19]
BD- BD- BD- BD-
Video QP | Bitrate PSNR Bitrate PSNR Bitrate PSNR Rate PSNR Rate PSNR
26 546.1 | 36.55 535.1 | 36.73 530.8 | 36.61
Bank_Inter | 30
coding 2553 |  34.97 250.9 35 2400 | 3498 | o0 | oos | 448 | o1a
mode 34 156.7 |  33.13 1407 | 33.2 1434 | 33.24
38 97 | 30.98 105 31 951 | 3121
26 | 11150 | 3843 11100 | 38.6 11009 | 3853
Bank_Intra | 30
coding 7359.5 | 35.95 7320 | 359 | 73395 | 3595 | .o | oic | pss | 043
mode 34 4698 33.4 4500 | 33.8 4610 33.6
38 2983 30.9 2070 | 311 2953 30.9
26 | 3086 39.1 3962 | 39.1 390.1 39.3
30
Clalsrs]?e\r/er_ 1325 | 37.63 148 | 37.9 155 | 3783 | .0 | o1 | 475 | 004
34 69.7 35.9 701 | 356 73.7 35.9
38 39.1 | 33.99 35.2 | 34.2 34.1 34
26 | 46301 40.8 4624 | 403 | 46101 40.8
30
C|a|srs§;/er_ 20024 |  38.62 2623 | 387 | 28204 | 3872 | .0 | 050 | 071 | o004
34 1765 | 36.37 1730 | 36.5 1725 | 3647
38 | 10614 34.1 1071 | 346 1051.4 34.3
26 | 20269 | 3426 | 20207 | 341 | 20242 | 3437
30
CroTitRe?ad 862.1 | 32.26 9809 | 321 9664 | 3227 | o0 | 03 | 712 | o021
- 34 4442 | 3013 4532 | 301 4481 | 30.24
38 256.3 27.94 219.1 | 27.81 2107 | 27.98
o6 | L8765
3| 3775 186511 | 37.8 | 186453 | 37.95
12929.
Cfofiﬁgad 30 2| 3454 | 129403 | 3472 | 129001 | 3467 | 245 | 018 | -143 | 013
- 34 8383 | 31.44 8380 | 31.31 8309 | 3154
38 | 52013 | 2856 | 50213 | 287 | 50013 | 28.59
26 | 18406 343 | 18101 | 3441 | 17918 | 3432
30
Coals:]gg:rard 988.13 31.08 893 31.2 885.5 31.14 832 0.43 150 0.04
- 34 | 56414 28.41 582 | 283 5742 | 28.48
38 3228 | 26.28 3901 | 271 382.9 |  27.26
26 | 34755 | 3803 | 34503 | 38.23 | 34405 | 38.14
30
Coalsrt]%ruaard 2223.5 34.8 2223.1 35 2210 34.91 275 0.15 292 012
- 34 1208 319 | 12811 | 321 12706 | 31.92
38 | 72013 | 29.44 7171 | 299 | 71013 29.6

IV.DIEU KIEN TH NGHIEM VA PHAN TIiCH KET
QUA

A. Diéu ki¢n thir nghiém

Dé danh gia hiéu nang ctia phuong phéap dé xuét, 4 chudi
video bao gém cac chudi Bank 720x576, Classover
720x576, Crossroad 720x576 va Coastguard 352x288
duoc str dung. Do dai ciia mdi chudi 12 50 khung hinh.

Hinh 6 mo ta khung hinh dau tién cua céc chudi video
thar nghiém. 4 chudi video dung thir nghiém dai dién cho
4 loai video c6 nhiéu chi tiét, it chi tiét, chuyén dong cham
va chuyén dong nhanh [20]. Trong bai bao nay, bo ma héa
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video VVC duoc sir dung dé ma héa cac chudi video [21].
Két qua cua phuong phap dé xuat duoc so sanh véi két qua
cua b mé hda VVC va phuong phap trong tai liéu [19]
trong hai ché d6 ma hoa la lién khung (Inter coding) va ngi
khung (Intra coding). Tham s6 dugc sir dung dé so sanh
hiéu ning ctia cac phuong phap bao gom BD-Rate va BD-
PSNR trong d6 BD-Rate duing dé so sanh toc d bit va BD-
PSNR dung dé so sanh chit lwong cua video [22].
B. Két qua mo phéng

Hinh 7 va Bang 2 so sanh hiéu nang ctia phuong phap
d& xuét véi chuan VVC va phuong phap dé xuit trong tai
liéu [19]. Két qua cho thay bitrate ciia phuong phap d& xuét
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dat duoc thap hon cic phuong phap con lai tir 0.71% dén
8.41% véi céc gia tri QP 26, 30, 34 va 38. Tuy nhién, trong
truong hop chudi Classover ché o mé héa lién khung, gia
tri BD-rate ciia phuong phap dé xuét thap hon ctia VVC va
trong trudng hop chudi Bank, Coastguard ché do ma hoa
noi khung, gia tri BD-rate ctia phuong phap dé xut thap
hon cua phuong phap [19]. Diéu nay la do trong truong
hop chudi video ¢ chuyén dong nhanh, viéc danh gia do
méo thong qua VMAF chua dat dugc hiéu qua cao nhu
SSE. Tuy nhién, trong hau hét cac truong hop con lai,
phuong phap dé xuat déu thu dugc chéat lugng cao hon
trong khi bitrate ciia phuwong phap dé xuit déu thap hon
cua cac phuong phap con lai. Két qua nay thu dwoc 1a do
trong qua trinh RDO, phuong phap dé xuat sir dung VMAF
dé udc luong dd méo cho cac khéi hinh chinh xac hon
truong hop st dung SSE. Do d6, qua trinh ti wu do méo-
téc do bit ciia phuong phap dé xuat dat hiéu qua cao hon,
dan dén bo ma hoa cé chat luong hinh anh tét hon ciing
nhu tdc do bit thip hon.

V. KET LUAN

Bai bao da dé xuat mot phuong phép udc luong gia tri
VMAF thong qua gié tri SSE dé ap dung vao qua trinh t6i
uu héa toc d§ va do méo. Cu thé, phuong phéap xay dung
ham mé ta moi quan hé gitta VMAF va SSE, tir d6 ap dung
vao qua trinh RDO dé dy doan gia tri QP cho tung khoi
hinh. Két qua md phong cho thay phuong phép dé xuét dat
dugc hi¢n nang nén cao hon chuan ma héa VVC va phuong
phap duoc dé xut trude do xét theo gia tri BD-PSNR va
BD-Rate. Cu thé, gia tri BD-Rate cia phuong phap dé xuat
thap hon VVC va phuong phép truée do lan luot 1a 8.41%
va 7,12%, BD-PSNR cua phuong phap dé xuat cao hon cua
VVC 14 0.43% va cta phuong phap trude do 1a 0,21%.
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IMPROVING DISTORTION ESTIMATION IN
RDO PROCESS FOR H.266/VVC VIDEO CODING

Abstract: Versatile Video Coding (VVC) also known as
H.266 is the latest video coding standard and the successor
of High Efficiency Video Coding (HEVC). As its name
suggests, VVC is an efficient encoding standard for
various video contents and applications. In VVC, many
new techniques compared to HEVC are applied but there
is few research on rate-distortion optimization (RDO) - an
important technique in video encoding to determine the
coding mode for coding units. In this article, to improve
RDO for VVC, a new algorithm using objective quality
assessment metric to estimate distortion for coding units is
proposed. Then, the estimated distortion is applied in RDO
to improve Rate-Distortion performance of encoder. The
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proposed algorithm achieved bit rate savings up to 8.41%
when implemented on H266/VV/C encoder.

Keyword: VMAF, RDO, H.266/VVC.
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