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THANG DO CHAT LUQONG VMAF TRONG
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Tém tit: Trong mé hoa video, téi wu hoa téc do ma hoa
- d6 meéo (Rate Distortion Optimization — RDO) la mét
trong nhitng ky thuat chinh gitp lua chon phuong phap
nén téi uru cho video. Cu thé, dya trén qué trinh RDO, bo
mé& héa lya chon céc tham sé dé ma héa video sao cho ty
1& nén 1a cao nhat trong khi chit lugng video dat dwoc sau
giai ma 1a tét nhat c6 thé. Trong qué trinh RDO, b ma héa
str dung cdc ham mo ta méi quan hé gitra toc do ma hoa
(R) - tham s6 lwong tir (QP) va do méo (D) —tham sb luong
tar dé tim ra gia tri QP t6i uu sao cho tdc do ma héa 1a nho
nhét trong khi d6 méo 1a nho nhat. Cac nghién ciru trudc
day thuong sir dung phuong phap do khach quan dé wéc
lugng d6 méo cua video trong qua trinh nay. Tuy nhién,
thang do chét luong video bang phuong phap khach quan
khong phan anh chinh xé4c chat lwong cua video so véi
phuong phap chu quan. Vi vay, trong bai bao nay, qua
trinh RDO duoc céi tién bang cach ding thang do chu quan
¢6 tén 12 Video Multiview Assessment Fusion (VMAF) dé
danh gia d6 méo. Két qua cho thay phuong phap dé xuat
c6 thé tiét kiem 4.89% bitrate trong khi chat lugng dugc
tang 1én 5.98% so véi mot s6 phuong phap tham chiéu.

Tir khéa: VMAF, RDO, HEVC.

I. GIOITHIEU

M@ hoa video hiéu ning cao (High Efficiency Video
Coding — HEVC) duoc coi la mét trong nhiing tiéu chuan
ma hoa video méi hién nay cho video do phéan giai cao. Bo
mé héa video HEVC c6 hiéu nang cao bai sy mé rong cac
tham s6 mé héa trong qué trinh RDO so véi cac chuan ma
héa truéc day. Qua trinh nay gilp HEVC Ilya chon duoc
céc tham s6 ma hda tdi uu nhat trong qua trinh mé& hoa. Tuy
nhién kg thuat RDO truyen thong thuong cd chi phi tinh
toan cao bai qua trinh nay can phai khoi phuc lai video dé
tinh chi phi tbc do bit—do méo (RD). Chinh vi vay, 6 phuc
tap cao cua qua trinh RDO la mot trong nhing han ché cua
bo ma hoa khi trién khai trong céc ing dung thoi gian thuc.

Trong ma hoa video, chat lugng (ty 1€ nghich voi do
méo) caa hinh anh cé thé duoc do bang phuong phap chu
quan hodc khich quan. Phuong phap danh gid chu quan
duoc thuc hién bang cach tinh trung binh cac két qua danh
gia caa nguoi xem [1]. Uu diém cta phuong phap nay la
két qua do phan &nh chét luong tuong ddi gan voi chét
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lrong do mat nguoi cam nhan. Tuy nhién, nhugc dlem cua
no la sy phuc tap trong trién khai dénh gia vi can nhiéu
ngudi va nhiéu thoi gian. Vi vay, phuong phap danh gia
khach quan thuong duoc sir dung trong cac (ng dung thuc
té. Pai lugng khach quan pho bién duoc ding trong mé hoa
video 1a dai luong tong binh phuong cua 16i (Sum of
Squared Error — SSE). Tuy nhién, gia trj SSE khong phan
anh chinh xac chat lugng do cam nhan mat nguoi cam nhan.
Vi vay, mot s6 dai luorng duge dé xuat bao gom SSIM [2],
VQM [3]. Trong thoi gian gan day, cong ty cung cip noi
dung video Netflix da phat trien mot dai luogng lai ghep gitia
phuong phap chu quan va khach quan nham danh gia chét
luorng dugc goi la VMAF [4]. Dai lugng VMAF uéc luong
gla tri chat lugng do mét nguoi cam nhan bang mé hinh hoc
may SVM két hop v&i mot sb phuong phép do khach quan.
Nhleu nghién ctiu [5][6][7] da chi ra ring VMAF dat két
qua tot hon céc phuong phap do khach quan truge day va
né c6 moi tuong quan 16n so voi thang do danh gia chu
quan cta nguoi xem (Mean Opinion Score — MOS).

Dé cai thién hiéu ning ma héa video, rat nhiéu phuong
phap da dugc d& xuat thay thé dai lugng danh gid chat
luong Ighach quan trong qua trinh RDO ,bang mot dai luong
khac gan véi chu quan cam nhan cua mat nguoi hon. Trong
bai béo [8], dai luong SSIM duoc sung dé do do meo trong
qua trinh RDO. Cac phuong phap trong [9] [10] dé xuét s
dung SSIM dé tinh cac hé s6 trong qua trinh bién d6i DCT.
Trong bai bao [11], m6 hinh md ta moi quan hé gitra VMAF
va SSE duoc sir dung dé ma hda céc khéi hinh video. Tuy
nhién, phuong phap nay doi hdi phdi tinh VMAF ngoai
tuyén (offline) trudc khi mé hoa. Vi vay, phuong phap nay
doi hoi mat nhiéu thoi gian hon so v6i phuong phap thong
thuong. So di viéc phal x8y dung mo hinh m6 ta méi quan
h¢ gitta VMAF vé6i mét dai lugng khach quan khac la do
khong thé do chat lucng bang VMAF truc tlep trong qua
trinh RDO. Vi vay, cac phuong phap nay déu phai do gla
tri VMAF thong qua mot dai lugng khach quan khac dé co
thé &p dung cong thirc tinh toan trong qué trinh RDO.

Trong bai bao nay, md hinh mé ta mi twong quan gitra
VMAF va PSNR (Peak Signal Noise Rate) dugc dé xuét
nham danh gia cht lugng video dugc chinh xac hon, tir d6
lam tang hiéu nang cho qua trinh RDO. Cu thé, phuong
phap dé xuit sir dung dai lugng VMAF thay cho PSNR 1a
mot dai lwong khach quan thuong dugc dung trong ma héa
video truyén thong dé tim méi tuong quan gitra Rate-QP va
Distortion- QP Tur d6, ham chi phi trong qué trinh RDO
dugc tinh va lya chon gié tri QP ti wu sao cho chi phi ma
héa I nho nhat.

Phan tiép theo cua bai béo dugc C4u tric nhu sau. Phan
1 gigi thigu vé kg thuat RDO trong mé hda video va tham
s6 danh gia chat lugng video VMAF. Phan Il mo ta
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phuong phap dé xuat. Cac tham sé md phong va két qua
mo phong duoc trinh bay trong Phan 1V va két luan duoc
dua ra trong Phan V.

I1. CAC NGHIEN CUU LIEN QUAN

A. RDO ,

Bét du tir tiéu chuan mé hoa video H.264, thuat toan
RDO dugc str dung da dat duoc nhimng wu dicm vuot troi
SO VGi cac chuan ma héa video trudc d6 vé hiéu niang ma
ho6a[12][13]. Thuat toan RDO gitip by ma hoa lua chon ché
d6 ma hoa téi wu nhat trong 50 rat nhiéu cac ché d6 ma hoa.
Cu thé, qué trinh RDO gidp t6i thiéu hoa d6 méo hinh anh
(D) ng véi mot gia tri toc do bit cho trudc Re bang cach
lra chon cac tham s6 ma hoa phti hop. Bai todn trén duoc
dua vé bai toan tim cyc tri cta D véi dicu kign rang bugc la
tdc do bit R < R,..

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

J=D+AR 1)

Trong d6 J 1a ham chi phi Lagrangian va 4 la nhan tir
Lagranglan Khi méi quan hé gitra R-D la ham 15i, R va D
kha vi tai moi diém thi J dat cuc tiéu khi:

dj _ dp _
Y=2Lia=0 @)

_Trong tai liéu [13], mdi quan giita R va D duoc biéu
dién bang biéu thic:

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

Trong d6 a va b 1a cac hé s6 khong doi. M6 hinh cua do

méo D duoc biéu dién bang biéu thuc:
p=2 0
3

Trong d6 QP 1a tham s lugng tir. Thay (3), (4) vao (2)

ta co:
— _4p _ 2
A= _E =C. QP (5)

Véi ¢ 1a hiang sb va c6 gia tri bang 0,136 trong tiéu
chuan H.264. B¢ tim gia tri trj nho nhat cia ham chi phi,
bo ma héa s& ma hda nhiéu ché do khac nhau bao gom ché
do lién anh, ndi anh, cac kich thuéc khéi khéc nhau va cac
gia tri QP khéc nhau. V&i mai ché ¢6 ma hoa s& co6 mot bo
ba gia tri R, D va A dugc tim va ham chi ph1 J dugc tinh
theo cong thic (2). Ché do nao dat dugc gia tri J nho nhat
s€ duoc lua chon. Trong hau hét cac bo ma hoa hién nay,
gia tri D duoc tim bang cach tinh gia tri khéc biét glua anh
goc va hinh anh dwoc giai nén. Mac du viéc danh gia do
meo dua vao phuong phéap khach quan c6 uu diém Ia hiéu
qué trong tinh toan nhung c6 nhugc diém 1a d6 chinh xac
khong cao so véi phuong phap chu quan. Vi vay, trong bai
béo nay, phuong phap do do meo s& sir dung tham s6
VMAF la tham s6 két hop ca phuong phap khach quan va
chu quan.

B. VMAF

Danh gia chat luorng 1a mot nhu cau thiét yéu trong
nhleu dich vu video, cung véi su phat trién ciaa mot sb chi
s6 do chit lugng dé tan dung loi thé cua danh gia ty dong.
DPé c¢6 dugc mot chi so Chat lugng cam nhan phu hop,
Netflix da phat trién mot chi s6 chat hrorng cam nhan co tén
la Két hop nhiéu phuong phap danh gia video (VMAF) dé
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cung cap diém s chinh xac cho cac noi dung khac nhau
nhu chuong trinh truyén hinh timg doat giai thuong, phim,
phim hoat hinh, phim tai liéu.

Spatial Feature Temporal Feature

VIF DLM Motion

i i |
)

VMAF
model

VMAF
score

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

Y tuong vé VMAF la sy két hop ciia mot s6 cac chi s6
dé duy tri cac diém manh nhu dugc Mo ta trong Hinh 1. C6
nhiéu tinh nang va chi s6 da dugc dénh gia rong rai tl’ong
nam qua, nhu’ng ba chi s6 co ban, tic 1a VIF, DLM va
Motion, duoc ap dung trong phién ban VMAF hign tai. bé
gidi thich rd hon, VIF dinh lugng su,mat maét cua théng tin
hinh anh tr quan diém cua ly thuy¢t thong tin, trong khi
DLM do luong sy mat chi tiét anh hudong dén hién thi noi
dung.

Ca hai chi sb deu nam bt duoc dic dlem khdng gian
cua video, va chi s6 con lai - Motion bao gom dic diém thoi
gian. Su sai khac vé pixel dugc tinh toan gitra cac khung
hinh Ijén ké cho chi so Motign. Hon nira, VMAF sir dung
loi the ctia may hoc higu suat vuot troi thong qua hoc ¢o
giam sat (tic la hdi quy SVM) thay vi d4nh trong s6 truyen
thong. Ban dau, dé tao ra mot bo dit liéu cho danh gia chu
quan dugc tiéu chuan hoa, video vai nhiéu tinh néng khic
nhau dugc mé hda & cac d6 phéan giai va toc do6 bit khac
nhau, sau d6 nguoi quan sit dua ra diém sb bang cach so
sénh nhung khiém khuyét cua video clip bi méo. Cudi ciing,
mod hinh VMAF sur dung hdi quy SVM duoc dao tao dua
trén dlem s6 thu thap duoc tir nhitng ngudi quan sat dé gan
trong s6 phu hop cho cac chi sé co ban. Dya trén két qua
thuc nghiém cho thy thang do VMAF dat d6 chinh xé4c cao
trong cac truong hop video c6 do phan giai cao.

I11.PHUONG PHAP DE XUAT

Trong mét s phuong phap trude day, cac mé hinh D-
Q va R-Q duoc dé xuit sir dung VMAF ¢ mirc ma hda khéi
hinh (macroblock). Tuy nhién, viéc nay gép khé khan trong
viéc tich hop dai lugng cha quan vao qua trinh RDO vi
khong | ton tai cong thirc dé do chat luong dua trén chu quan
ctia mat nguoi. Vi vay, dé xay dung ham RDO, cc phuong
phép trudce day xdy dung cdng thic tinh xap xi VMAF dya
trén cac dai lugng khach quan. V6i cach tuong tu, trong bai
béo nay, ham s6 md ta méi quan hé gitta VMAF va PSNR
dugc xay dung dé tinh VMAF duya trén PSNR. Tir d6, ham
R-Q va D-Q duoc thiét lap duwa trén VMAF.

Dé thiét Iap ham R-D va D-Q, can cir trén méi quan hé
gilta 46 meo va chat lwong ty 1& nghich véi nhau, d6 méo
ctia mdi khung hinh dugc tinh nhu sau:

!
~ VMAF ©)

Khi d6, céng thurc tinh ham chi phi (1) ¢ dang nhu sau:
J= + AR 7

VMAF
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bé udc lugng gia tri VMAF thong qua gia tri PSNR,
mot ham gan ding mo ta mbi tuong quan gitta VMAF va
PSNR duoc xay du:ng dwa trén két qua do VMAF va PSNR.
Cu thé, sau khi ma héa 10 chudi video véi do phan glal
352x288, 1280x720 va 1920x1080, chat lwong cua céac
chudi video sau giai nén dugc do & thang do PSNR va
VMAF. Dua trén tap dix liéu nay, du:ong cong mé ta mdi
quan h¢ gitta PSNR va VMAF dugc xay dung. Hinh 2 mo
ta mdi quan hé giita PSNR va VMAF cua 4 chudi video
BasketBall, PartyScene, BQMall, va Racing Horse va Bang
1 m6 ta d6 chinh xéac cta cac ham gan dung.

PSNR-VMAF fitted curve
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Hinh 2. Ham sé mé td méi quan hé giiza VMAF va
PSNR cuia chudi Basketball

PSNR-VMAF fitted curve
100
95
90
- data

.
[
< 80
>

75

70 VMAF = -0.27"F’SNR2 +20.7*PSNR -291.81

65 R? =099

60 - - - - - -

26 28 30 32 34 36
PSNR

Hinh 3. Ham s mé td mai quan h¢ giira VMAF va
PSNR cua chuoi Partyscence
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Hinh 4. Ham s6 md ta méi quan h¢ giira VMAF va
PSNR cua chuoi BQMall
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Hinh 5. Ham sé mo ta méi quan hé giiza VMAF va
PSNR cza chugi Racinghorse

Bdng 1. B¢ chinh x&c cua ham gan diing mé ta méi quan
hé giza VMAF va PSNR

R square ciia ham

Chudi video VMAF-PSNR
Hall 0.97
City 0.96
Foreman 0.93
Crew 0.87
Four-people 0.95
Ice 0.97
Basketball 0.99
Partyscene 0.99
BQMall 0.98
Racinghorse 0.95
Average 0.96

Tir két qua do ta thay cac ham gan dang mo ta moi quan
hé gitra VMAF va PSNR ¢ do chinh xac twong ddi cao
(trung binh 96%). Vi vay, ham gan ding tong quét dugc
xay dung dya trén gid tri trung binh cuia cac hé s cua cac
ham cho 10 chudi video thir nghiém. Cu thé, ham gan ding
t6ng quan c6 dang nhu sau:

—0.3 % PSNR + 253 * PSNR — 290.5 (8)

VMAF =

Kimono

c. Cactus d.

Hinh 6. Khung hinh dau tién cia 4 chudi video thir
nghi¢m
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Hinh 7. So sanh hiéu nang giita phuong phdp dé xudt
vai chudn HEVC va phwong phdp trong tai liéu [14]
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IV.DIEU KIEN THU NGHIEM VA PHAN TICH KET
QUA

A. Piéu ki¢n thir nghiém

Dé danh gia hiéu nang cuia phuong phap dé xuét, 4 chudi
video bao gom cac chudi BQTerrace 1920x1080,
BasketballDrive 1920x1080, Kimono 1280x720 va Cactus
1280x720 duoc sir dung. Po dai caa mdi chudi 1a 50 khung
hinh.

Hinh 6 md ta khung hinh dau tién cua cac chudi video
thtr nghiém. Trong bai bao nay, bé6 ma héa video HEVC
dugc sir dung d¢ ma hda cac chudi video. Két qua cua
phuong phap dé xuét duoc so sanh véi két qua cua by ma
héa HEVC trong mot sé ché do ma hoa.

Trong bai bao nay, dé danh gia hiéu nang cua phuong
phap dé xuét, két qua BD-Rate va BD-VMAF cua phuong
phap dé xuit s& duoc so sanh véi phuong phap do VMAF
trong tai liéu [14] va chuan ma héa video HEVC.

Theo tai liéu [14], gid tri VMAF va PSNR tuong iing
V6i 5 cap do do cia MOS nhu trong Bang 2 sau:

Bang 2. Mdi fuong quan giira VMAF va PSNR véi mic
chat luong theo thang do MOS

Chat lugng PSNR VMAF
video
Excellent > 38 > 90
Good 35-38 74-90
Fair 3335 58-74
Poor 30-33 3858
Bad <30 < 38

pé Chuyen ddi tir thang do PSNR sang thang do VMAF,
cac ham tuyén tinh md ta mdi quan hé gitra PSNR va
VMAF duya trén céc khoang gia tri twong dong trén mdi
mutc chat lugng duge tinh nhu sau:

1.3xPSNR
6.67xPSNR — 162
VMAF = { 8xPSNR — 206

PSNR < 30
30 < PSNR <33
33<PSNR<35 (9)
5.33xPSNR — 113 35 < PSNR < 38
5xPSNR — 100 PSNR > 38
Thay cong thirc (9) vao cong thac (7) ta ¢6 cong thac
tinh chi phi ma hoa dya trén VMAF.

B. Két qua mo phéng

Hinh 7 va Bang 3 so sanh hiéu nang cua phuong phap
dé xuat v6i chuin HEVC va phuong phap do VMAF trong
tai lieu [14].

Két qua cho thay bitrate cia phuwong phap dé xuit dat
dugc thap hon cac phuong phap con lai tir 0.21 dén 4.89%
V6i cac gia tri QP 27, 30,32 va 37. Trong khi d6 chét lugng
clia phuong phap dé xuat cai thién hon so voi HEVC va
phuong phap trong tai li¢u [14]. Tuy nhién, trong truong
hop chudi Cactus, gié tri BD-rate ciia phuong phap dé xuat
thip hon cua phuong phap [14]. Diéu nay la do trong
truong hop QP=32, phuwong phap dé& xuét cé bitrate cao
hon trong khi chét lugng kém hon. Tuy nhién, trong hau
hét cac truong hop con lai, phwong phap dé Xuét déu thu
duoc chat lwong cao hon hoic bing, trong khi bitrate cua
phuong phap dé xuat déu thap hon cac phuong phap con
lai. Két qua nay thu duoc la do trong qué trinh RDO,
phuong phap dé xuat st dung thang do VMAF thay vi
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Bdng 3. So sanh hiéu ndng giita phiong phdp dwoe dé xudt véi chuan HEVC va phwong phdp trong tdi liéu [14]

HEVC [14] VMAF_RDO Ea[:é V','Q\’ADA'F BD- BD-
i . Rate VMAF
gira gira gitia gitia
Video | QP VMAF | VMAF
. . . VMA VMAF | VMAF
Bitrate | VMAF | Bitrate | VMAF | Bitrate F _RI?O _RPO RDO | RDO
va V& | Va[i4] | va[i4]
HEVC | HEVC
27 | 3710.08 | 99.00 | 3690.01 | 98.00 | 3663.26 | 99.00 | -3-50 1.29 -2.41 0.55
Basketba | 30 | 2875.24 | 92.00 | 2855.30 | 92.00 | 2707.84 | 91.00
lIDrive | 32 | 2301.74 | 71.00 | 2290.04 | 72.00 | 2261.19 | 72.00
37 | 1521.73 | 49.00 | 1434.02 | 49.00 | 1368.44 | 49.00
27 | 1990.42 | 100.00 | 1970.21 | 100.00 | 1980.00 | 99.00 | -4.89 3.63 -3.18 3.69
BQTerra | 30 | 834.69 | 89.00 | 814.59 | 89.00 | 800.00 | 90.00
ce 32 | 622.18| 68.00| 612.09| 68.00 | 610.00 | 69.00
37 | 509.33| 55.00| 519.20 | 55.00 | 508.00 | 57.00
27 | 2874.12 | 100.00 | 2854.89 | 100.00 | 2830.00 | 98.00 | -0.24 5.98 1.52 1.74
Cactus 30 | 2309.05 | 93.00 | 2310.19 | 92.00 | 2290.10 | 92.00
32 | 1876.84 | 74.00 | 1860.45 | 76.00 | 1844.79 | 78.00
37 | 92563 | 52.00| 934.90 | 52.00 | 942.76 | 50.00
27 | 4873.45 | 96.00 | 4833.24 | 95.00 | 4810.56 | 96.00 | -0.21 0.91 -0.56 0.37
. 30 | 3862.52 | 90.00 | 3759.67 | 90.00 | 3634.68 | 90.00
Kimonol
32 | 2966.17 | 79.00 | 2940.04 | 79.00 | 2922.71 | 79.00
37 | 1957.00 | 57.00 | 1923.89 | 58.00 | 1915.70 | 57.00
PSNR. Do d¢, két qua dau ra bo giai ma khi do bang objectively measuring video quality,” IEEE Trans.

VMATF ciing sé& tot hon so véi khi do bang PSNR.

V. KET LUAN

Bai bao da dé xuit mot phuong phép udéc luong gia tri
VMAF thong qua gia tri PSNR dé ap dung vao qua trinh
t0i uru héa toc do va do méo. Cu the, phwong phéap xay dung
ham mo ta moi quan h¢ gira VMAF va PSNR, tir d6 éap
dung vao qua trinh RDO dé du doan gia tri QP cho ting
khéi hinh. Két qua mo phong cho thay phuong phép dé xuét
dat dugc gia tri VMAF tai dau ra caa bo giai ma lén hon
hogic bang Vi cac phuong phép tham chiéu. Ngoai ra, hiéu
ndng clia phuong phap de xuat ciing cao hon chuan ma héa
HEVC va phuong phap tham chicu xét theo gia tri BD-
VMAF va BD-Rate. Cu thé, gia tri BD-VMAF cta phuong
phap dé xuat I6n hon cac phuong phéap con lai 12 5.98% va
BD-Rate cua phuong phap dé xuat thap hon cta céc
phuong phap con lai 1a 4.89%.
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IMPROVING VMAF-BASED RDO PROCESS IN
VIDEO CODING

Abstract: In  video encoding, Rate-Distortion
optimization (RDO) is one of the main techniques to select
an optimal coding mode for video. Specifically, based on
the RDO process, the encoder selects the parameters to
encode the coding units so that the bitrate is the lowest
while quality of reconstructed video is highest. During the
RDO process, the encoder uses models that describe the
relationship between bitrate (R) - quantization parameter
(QP) and distortion (D) - QP to find the optimal QP value.
In previous studies, RDO often uses objective quality
assessment methods to estimate video distortion during this
process. However, the video quality assessment using the
objective method does not accurately reflect the quality of
the video compared to the subjective method. Therefore, in
this paper, the RDO process is improved by using a
subjective metric called Video Multiview Assessment
Fusion (VMAF) to evaluate distortion. The results show
that the proposed method can save 4.89% bitrate while the
quality is increased by 5.98% compared to the benchmark
methods.

Keyword: VMAF, RDO, HEVC.
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