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T6m tit—Cii tién cac chudn ma hoa video dang dwoc
quan tadm nhiéu trong thoi gian gin diy nham dap ing
nhu cAu ngay cang cao cia cac ng dung truyén thong da
phwong tién. Cho dén théi diém hién tai, chuan méa hoéa
video méi nhat 1a chuin H.266/VVC (Versatile Video
Coding). Véi nhitng nd luc cai tién, chuidn H.266/VVC
dat dwoc lugng bit tiét kiém 1én dén 50% khi so sanh véi
chuin ma héa video phd bién H.265/HEVC (High
Efficiency Video Coding) trong khi viAn dam bio chét
lwong video sau giai ma khong ddi. Tuy nhién, dé dat
dwoc hiéu ning ma héa cao nhw vay, chuin H.266/VVC
yéu ciu thoi gian ma héa gip 5-30 lan so véi chuin
H.265/HEVC. Nguyén nhan chinh dén tir viéc phai tim
kiém khéi phu hep trong mét khong gian réng lén va
nhidu trwong hop tim kiém hon. P& giai quyét vin dé
nay, bai bio dé xuat mot thuit toan cai tién tim kiém
nhanh TZ-Search (Test Zone Search) véi kha ning ting
téc do ma hoéa tét hon khi ding trong chuin H.266/VVC.
Két qua danh gia cho thay, thuat toan TZ-Search cai tién
c6 thé gitp giam thoi gian ma héa video H.266/VVC téi
12,6% so véi TZ-Search géc, trong Kkhi van dam bio
dwgc hiéu ning ma hoa cao.

T khéa—Chudn H.266/VVC, TZ-Search, woc lwgng
chuyén dgng, ving tim kiém

I.  GIOITHIEU

Trong nhitng ndm gan day, cing véi su phét trién
manh mé trong nhiéq linh vuc khoa hoc cong nghé yé
su ra doi cua cac thict bi so hi¢n dai, luong video can
truyén tai va luu trir ngay cang gia tang. Viéc luu trit
céc video tho chua qua xir ly 1a bat kha thi boi ching
yéu cau mot lwong bo nhé vo ciing 16n. Céc chuan ma
hoéa video ma di kém theo la cac bd ma hoa/giai ma hoa
video (CODEC: Coder-Decoder) lién tuc dugc ra doi
V6i higu ning ngay cang cao nhim dap wng nhu cau
truyén tai, luu trit video, gop phan quan trong Vao su
phét trién cua cac wng dung truyén hinh thoi gian thyuc
(streamlng) thuc tai 40 (VR: Virtual Reality), thuc tai
4o tdng cuong (AR: Augmented Reality), 3D-TV,.
Trong d6, c6 thé ké dén cac chuin mi hoa nhu
H.264/AVC [1], H.265/HEVC [2], AV1 [3] va VP9

[4].

Cudi nam 2020, chuan mé héa video H.266/VVC
(Versatlle Video Codlng) chinh thire duoc thong qua va
gigi thiéu rong rii [5]. Doi tuong chinh ma chuan ma
hoéa video nay huéng t6i la cac video véi d6 phan giai
cao, va cac nguon video véi dinh dang méi nhu video

360 d¢, video chyp tir man hinh (Screen content video).
Theo danh gia hiéu nang coéng bo & [6], chuan
H.266/VVC cho phép nguoi dung mad hoa video véi
lwong bit tiét kiém dugc khoang 50% so véi chuan ma
hoa H.265/HEVC trong khi chat luong video sau giai
mé 1a khong doi.

Méc du dat duoc hi¢u ning ma héa cao hon so voi
chuan m& héa tién nhiém caa nd, H.266/VVC c¢6 do
phtic tap ma hoa tang tir 5-30 1an so vai chuan phd bién
H.265/HEVC [7]. Nguyén nhan chinh la do VVC cho
phép kich thudc khdi hinh dy doan 16n, sé 1u0'ng Che
do va huong du doan ting 1én nhdm dép tng yéu cau
ma héa cac video c6 dd phan giai lon.

Trong qua trinh m& hoa, thoi gian danh cho buéc
udce luong chuyén dong chiem téi 80% [8]. Do do, dé
giam d¢ phirc tap ma hda, thuat toan tim kiém nhanh
TZ-Search [9] da dugc &p dung dé giam thiéu d6 phirc
tap cua qué trinh nay. Thuat todn TZ-Search dugc xay
dung cho phép bo mé hoa thyc hi¢n du doén vector
chuyén dong bang cach tim kiem diém du doén toi uu
xung quanh diém du doan khoi tao trén mot ludi céc
diém duoc x4c dinh trude thay vi tim kiém tat ca cac
diém trong vung tim kiém. Viéc t6i vu thuat toan TZ-
Search ludn 14 mot thach thac cho c&c nha nghién cuu.
Véi dic tinh dac thi cua video giam st la thuong co ti
1& canh tinh cao va véi cac dbi twong chuyén dong thi
thuorng c6 vector chuyén dong nho, ching t6i da tinh
dén viéc thu nho hon nira vang tim kiém trong trién
khai thuat todn TZ-Search cho loai video giam sét.

Trong phén tiép theo cua bai bao nay, ching toi
trinh bay tong quat vé md hinh ma héa video chuan
H.266/VVC (phan I1) va thuat toan tim kiém nhanh
TZ-Search. Tiép do, phan Il va IV lan luot néu dé xut
g dung TZ-Search trén cac video giam sat voi cac
két qua thuc nghiém thyc té va céc phan tich danh gia,
day 1a co so cho phan két luan ching tdi néu trong
phan V.

1.  TONG QUAN VE CHUAN MA HOA VIDEO
H.266/VVC

Hinh 1 mé ta kién tric tong quan ciia chun mé hoa
video H.266/VVC. Giong nhu cac bo tiéu chuan ma
hoa video khac trugc d6, VVC 1a by ma hoa theo khéi
duoc thiét ké vai cau trac lai [10] glua ma héa du doan
trong khung va lién khung véi ma hoa bién doi cing
ma hda entropy.
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VVC dugc thiét ké nham huéng toi cac ddi tugng
chinh 1a cic video do phan giai cao (4K, 8K,...), video
360°,... do vay kich thugc khédi hinh 16n nhét duoc cho
phép trong VVC Ién téi 128x128 thay vi 64x64 nhu
trong HEVC [1].
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Hinh 1: M6 hinh ma héa H.266/VVC

Phan chia khung hinh: Sau khi mét khung hinh video
VVC duogc chia thanh cac don vi ma hoa - CTU
(Coding tree unit), cac CTU nay sau do tiép tuc duoc
phén chia thanh cac CU (coding unit), PU (prediction
unit) nho hon, véi cac kich c& khac nhau sao cho pht
hop véi ndi dung khung hinh, ché d6 du doan. Bén
canh ciu trc cay t phan (quad tree) da duoc sir dung
tir chuin ma héa HEVC, VVC con cho phép phan chia
khdi hinh bang cach chia 2 (binary split) hay chia 3
(ternary Spllt) (Hinh 2). Céu trac phan chia nay duoc
goi la cay tich hop da kiéu phan chia dé quy (nested
recursive Multiple-Type Tree (MTT)) véi ti 1€ chiéu
dai/chiéu rong cua khoi hinh cho phép I&n téi 1/16.

Hinh 2: Céc dang phan chia dé quy trong VVC

Du doan trong khung VVC str dung kich thugc CTU
I6n hon va hinh dang céc khdi PU sir dung trong ché do
du doan trong khung khong con chi la cac khdi vubng
NxN, 2Nx2N va so luong ché do du doan ciing dugc
tang 1en thanh 67 (so v6i 35 trong H.265/HEVC [2] va
9 trong H.264/AVC [1]). Thay doi nay 1a dé thu duoc
cac huéng bién tly y cua bat ky video tu nhién nao.

Du doén lién khung: Déi v6i du doan lién khung, bén
canh tap cac vector dy doan nang cao AMVP
(advanced Motion Vector prediction) dugc gidi thiéu
trong bo ma héa HEVC, VVC bb sung thém tap vector
du doan dua trén lich sur (History-based Motion Vector
Prediction — HMVP) [11].

Bién d6i Cb sin roi rac (DCT) va lwgng tir hoa:
VVC cho pheép sir dung linh hoat 3 phép bién dbi c6 sin
roi rac bao gom DCT-Il, DCT-VIII, DST-VII [10].
Viéc nay gilip giam thiéu chi phi bién dang. Hon nira,
doi véi video c6 do. phév_n gidi cao hon (1080p va 4K),
viéc cho phép chuyén doi kich thudc khoi lon (1én dén

WZSXHS) rat hiru ich trong viéc loai b hé sé bién doi
MLRRLLEYin 56 cao. He sb lugng tir (QP) ciing duoc m& rong

cho phep Ién t&i 63 va mot anh xa QP linh hoat hon
dugc ap dung dé chuyén d6i QP d6 xam (luma) sang
QP mau sac (chroma).

Bo loc nhiéu khéi va bu miu thich @ng: VVC su
dung ba bo loc riéng biét, trong do c6 hai bg loc 1ap
(In-Loop) dAu tién da trién khai trong HEVC la Bo loc
nhiéu khoi (DBF: Deblocking Filter) va Bu mau thich
tng (SAO: Sample Adaptive Offset). BS loc thi ba la
B¢ loc vong Idp thich ung (ALF: Adaptive Loop Filter)
da duogc cap nhat trong chuan VVC. Hon nita, trong
cac bo loc In-Loop cua VVC, cac bo loc hinh dang kim
cuong 7x7 va 5x5 duoc ap dung cho céc thanh phan do
X4m VA C4C mau Ssic theo thir ty twong ung.

Ma& hoa nhj phan thich wng: Thong tin du thira hay
théng tin khac biét (la thdng tin sai khac gitta khung
hinh hién tai va khung hinh dy doan tuong ung) duoc
ma hda bang cong cu ma hoéa sé hoc, nhi phan twong
thich ngr canh (Context Adaptive Binary Arithmetic
Coding — CABAC) da dugc chang minh mang lai hi¢u
nang cao ¢ chuan ma hdéa HEVC.

I1l. DE XUAT THUAT TOAN TZ-SEARCH CAI TIEN

Dé tim kiém vi tri khdi phii hop cho khéi anh hién
tai trong thuc hién phép du doan khung hinh tiép theo,
thuat toan tim kiém nhanh TZ-Search da duoc thong
qua ¢ chuan H.266/VVC. V¢i TZ-Search, thay vi thuc
hi¢n tim kiém trén toan bo cac diém anh trong viing tim
kiém, qua trinh udc lugng chuyén dong cta bo ma héa
chi duoc thyc hién dya trén mot sé diém anh c6 kha
nang phu hop nhat. Hinh 3 md ta thuat todn TZ-Search,
trong d6 c6 nhan manh noi dung cai tién (khdi mau
vang).

Thuat todn TZ-Search c6 thé dugc thuc hién théng
gua cac budc sau:

e Bwoéc 1: Khdi tgo diém tim kiém

Tai budc nay, tap cac vector chuyén dong duoc
thiét lap bao gom vector tir cac diém bén tréi, phla trén,
phia trén bén phai cua khdi anh twong wng véi khung
tham chiéu, tir d6 thiét lap vector “trung vi cua 3 vector
nay va vector 0. Nhin chung, diém duoc lya chon dé
bat dau qué trinh thuc hién tim kiém dua trén vector
chuyén dong cua diém d6 véi su sai khac thap nhét
(SAD: Sum of Absolute Difference la nho nhat) va cac
diém nay con dugc goi 1a diém tdi wu, trong do vector
trung vi gitp xac dinh diém tim kiém khoi tao dau tién.

e Buwdc 2: Tim Kiém theo mé hinh kim cwong hodc
hinh vuéng



O budc nay, truéc hét ving tim kiém (Search
Range) dugc xac dinh va mé hinh tim kiém kim cuong
hodc hinh vuéng duoc lya chon (Hinh 4). Cac diém tim
kiém 1a cac diém tai dinh va trung diém cua cac canh
hinh vuong hozc hinh thoi véi khoang cach thay doi tir
1 den gia tri vung tim kiém va ¢ dang ham mil cua co
s6 2. Sau khi tim dwoc diém t6i wu, bo ma hoa tlep tuc
wdc luong chuyén dong tai 2 diém lién ké cua diém do.
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Hinh 4: M hinh kim cuong va hinh vuéng

e Buwoc 3: Tim kiém Raster

Xét khoang cach tir diém khai tao dén diém téi vu
hay chinh la khoang cach t6i wu (BestDistance) véi cac
truong hop cu thé sau: Néu khoang cach t6i wu tai budc
2 bang 0, qua trinh tim kiém két thac. Néu khoang céch
t6i uu nam trong khoang (1,iRaster) thi bé qua budc 3
nay, chuyén sang thuc hi¢n budc 4, tac la thuc hién
tinh chinh tim kiém Raster/Star. Con néu khoang céach
toi wu 16n hon hodc bang khoang cach iRaster, bo ma
héa tién hanh tim kiém Raster véi budc nhay duoc dit
biang thong s6 iRaster (Hinh 5). Cudi cung, néu khOang
cach nay bang 1 thi gan lai khoang cach nay bing 0 va
chuyén sang thuc hién kiém tra hai diém lan can.

Hinh 5: M hinh tim kiém Raster

e Buwoc 4: Tinh chinh tim kiém Raster/Star

Diém t6i wu tim duoc tai bude 3 dwoc dat thanh
diém khoi tao tim kiém moi cho qua trinh tim klem
theo mo6 hinh kim cuong hodc hinh vuong Cac diém
t01 uu dugc cap nhat lién tuc sau moi vong tim kiém,
néu khoang cach t6i wu bang 1 thi dat lai khoang céch
nay bang 0 va sau d6 kiém tra 2 dlem lan can. Qué
trinh nay két thuc khi tim dwoc diém c6 khoang cach
t6i wu = 0.

Trong dy doan lién khung, qua trinh u6c luong
chuyen dong da thyc hi¢n vi¢c khai thac dac tinh chung
cua cac loai video la gifra cac khung lién ké c6 nhiéu
thong tin c6 tinh tuong quan cao vé Chuyen dong. Cén
nhéc thém dac tinh riéng biét cua video gidm sat 1 cac

viing chuyén dong cua ddi tugng trong video giam sat
thuong nhd, do d6 ving tim kiém trién khai trong thuat
toan TZ- Search c6 thé thu nho hon khi thyc hi¢gn ma
héa video giam sat. Hinh 6 sau day mé ta dé xuat cua
chiing t6i vé viéc giam kich thudc vang tim kiém trong
thuat toan TZ-Search va cac két qua thuc nghi¢m thuc
té cung cac danh gia, phén tich cuy thé.

| Khéi tao diém tim kiém |

v

| Thay dbi ving tim kiém |

A
Tim kiém theo mé hinh kim cuong hodc
hinh vudng véi khoang tim kiém m&i

v

| Kiém tra 2 diém 1an can |

- ) Sai
BestDistance >= iRaster
bung
BestDistance =0

Sai

Dung

BestDistance = 0

Tinh chinh tim kiém
Raster/Star

Sai

BestDistance <=1

Dung

y

| BestDistance = 0 |

A 4

| Kiém tra 2 diém 1an can |

»l

A 4

Hinh 3: Thudt todn TZ-Search d@é xuat



Dé xudt thu nhé vang tim kiém thich #ng trong TZ-
Search

Kich thuéc viing tim kiém ¢6 anh huéng truc tiép
t6i s6 luong d1em tim kiém trong ma héa lién khung.
Do Vay, daé tang téc do ma hoa, chung t6i dé xuat thay
doi vung tim kiém dya theo cac dic tinh chuyen dong
cua khi anh. Cu thé, dwa vao vector chuyén dong cua
cac khdi anh bén trai, phia trén va géc trén bén trai caa
khéi anh hién tai, thuc hién tinh vector trung binh theo
cdng thire nhu sau:

_

_ F‘Tcp + FLeft + FTopLeft
Faug - 3 (1)

Néu E,,, = 0 thi diém khoi tao (tiép theo) chinh
la diém t6i wu, vay thuc hién dirng qua trinh tim kiém
theo thuat toan TZ-Search. Néu Fm,g + 0, lac nay,

thuc hién thu nho vang tim kiém dwa vao thong tin caa
—>
vector chuyén dong cua block cha Fparent theo cong

thirc sau:

Favg + Fparent

SearchRange = >

@

. Toan b qua trinh thu nhé ving tim kiém thich ung,
dé xuat su dung trong TZ-Search c6 thé dugc md ta
nhu hinh 6.

PU hién tai thudc ving bién

Tinh Fayg theo cong thire (1)

A 4
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Két thuc TZ-Search

Thu thap Foaren

I

Thay dbi SearchRange
theo cong thuc (2)

Két thuc qua trinh thay

d6i ving tim kiém

Hinh 6: Thudt toan thay déi ving tim kiém trong TZ-
Search

IV. MO PHONG VA PANH GIA KET QUA
A. Diéu kién mo phong, danh gid

Dé danh gid hi¢u qua cua phuwong phap dé xuit,
cht]rJg toi thuc hién viéc moé phong va kiém thu trén 08
chuoi video giam sat c6 do phan giai 720x576 va
1600x1200 [12, 13] véi ché d0 ma hoéa Random
Access. Cac chuoi video va thong so cu thé dugc thé
hién trong Bang 1 va Bang 2.

BANG 1: CAC PIEU KIEN CHAY KIEM THU'

Bank
- Campus
Chudi video c¢6 A0 phan giai | Classover
720%576 Crossroad
Office
Overbridge
Chubi video c6 d phan giai | Intersection
1600x1200 Mainroad
Téc dd khung hinh va s

khung hinh ma héa

30Hz, 128 khung hinh

Kich thué¢ec nhém anh GOP
(group of picture) ma héa

16

Hé sb lwong tir (QP:
guantization parameters)

QP = {22, 27,32, 37}

Kich thwéc viing tim kiém

384

mic dinh
Chu ky lap lai khung I
(Intra period)

32

BANG 2: CAU HINH PHAN CUNG

B9 vi xir ly Intel® Core™ i7-4800MQ
@2.7 GHz

RAM 8.00 GB

System Win 10, 64-bit

Maoi truong Microsoft Visual Studio 2017

kiém thir Community

Thoi gian md hoa video duge do cho bo ma hoa
H.266/VCC st dung thuat toan TZ-Search géc (Trz.
search wc) Vva thudt todn TZ-Search cai tién (Trz
search_dexuat) Cho cdc gid tri lugng tir khac nhau. Murc do
giam thiéu vé mat thoi gian duoc xac dinh theo cong
thirc sau:

AT = T‘T‘Z—Search_dexuat_TTZ—Search_VVC x 100 (3)

Trz-Search Vvc

Hiéu ning mi hoa véi chuan H.266/VVC thuong
dugc xdc dinh thong qua hai hinh thire: sir dung bi€u
d6 do bién dang — toc d6 bit (RD) hoac gia tri
Bjontegaard Rate [14]. Trong bai bao nay, chlng toi
trinh bay ca hai hinh thirc danh gia trén.

B. Bdnh gid thoi gian tang toc d6 ma héa

Bang 3 tong hop két qua so sanh do phuc tap nén

video trong truong hop dung TZ-Search dé xuat voi

TZ-Search trong VVC va két qua giam hiéu ning mi
héa BD-Rate.

Véi muc tiéu giam d§ phuc tap cua thuét toan tim
kiem nhanh TZ-Search, d¢ xuat thay d6i kich thudc



vung tim kiém trong mi hoa video giam sat da giip
tiét kiém duoc thoi gian ma héa trén tat ca cac mirc
luong tir va do phan giai, két qua thyc nghiém cho
thy thoi gian ma hoéa giam tr 7,25% dén 12,62%
(trung binh dat khoang 9,3%) trong khi sO luong bit
can dung gin nhu khong ting. Thém nita, trong s6 cac
chudi video dugc thir nghiém, chudi video Office tiét
kiém dugc thoi gian ma hoa cao nhit, dat trung binh
10,5%.

BANG 3: KET QUA GIAM THOI GIAN NEN VIDEO (AT%) VA CHI PHI
HIEU NANG MA HOA (BD-RATE) SO vGI TZ SEARCH GOC

Tén video QP Trung BD-
22 l 27 ‘ ) ‘ 37 Binh | Rate
Bank -10.90 | -9.29 9.22 -9.96 984 | 050
Campus 915 | -891 -8.91 -8.42 885 | 061
Classover -7.72 -7.83 -8.46 -7.25 -7.82 0,12
Crossroad 784 | -8.70 718 -7.98 793 | 088
Office 968 | -1041 | -1058 | -11.32 | -1050 | 0,11
Overbridge | -10.66 | -9.83 -9.80 -9.00 982 | 083
Intersection -10.51 -8.36 -9.01 -12.62 -10.13 0,59
Mainroad 1152 | -9.83 9.15 -7.63 953 | -0,02
Trung 975 | -915 | -904 | 927 | -930 | 045
Binh
V. KET LUAN

Trong bai bao nay, ching t6i da nghién cuu téng
quan vé céc cai tién trong chuin ma héa video mai
nhét, vira dugc chinh thic théng qua trong thang
7/2020, qua d6, chung t6i tap trung khai thac thuat
toan tim kiém nhanh TZ-Search vai cai tién giam do
phtic tap cua thuat toan bang cach xac dinh giam viing
tim kiém. Qua thuc nghiém, céc két qua khing dinh
tinh dung din cua dé xuat: da giam duoc khoang 7-
12% thoi gian ma hoa video giam sat ma luong bitrate
gan nhu khong bi anh hudng (ting trung binh 0,45%).
Hudéng nghién ciu tiép theo s& tap trung vao danh gid
muc d6 anh huong cua ting khéi trong TZ-Search dé
cai tién ca d6 chinh xéac tim kiém 13n kha ning tang toc
d6 tim kiém.

VI. LOICAMON

Nghién ctu nay dugc tai trg boi Quy Phat trién
khoa hoc v§1 cbng nghé Quoc gia (NAFOSTED) trong
de tai ma s6 102.01-2020.15
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