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Tém tit: Nhu ciu st dung video do phan giai cao va dac
biét 1a sir dung video chit lwong cao trén cac thiét b di dong di
dan dén yéu cau ngay cang I6n ddi véi cac bo ma héa video hiéu
suét cao. bung trudc yéu cAu d6, cac chudn ma héa video méi
dugc phat trién khong ngirng. Chuin ma héa video hiéu suit cao
HEVC dat duoc muc nén ting 50% so v&i chuin H.264 trude do
V6i chét lugng video twong duong. Trong cac chuin mé héa
video dy doan nay, udc lugng chuyén déng (Motion Estimation
- ME) la mét trong cac md-dun quan trong nhét quyét dinh dén
hiéu suit nén b ma hoéa video. Tuy nhién né ciing chiém 50%-
70% d6 phirc tap ma hoa ciia toan bo bo ma héa. Sy tiéu tén tai
nguyén tinh toan kha 16n Iam giam hiéu nang cua bd ma héa, dac
biét ddi vai video ultra HD va full HD & cac khia canh téc ¢6 ma
héa, toc do bit va chét lugng video. Do do, viéc giam do phrc tap
tinh toén va cai thién thoi gian tinh toan cho thuat toan udc lugng
chuyén dong cho chuin HEVC la mét nhiém vu rat duoc quan
tam. Trong bai bdo nay, chung t6i dé xuét cai tién ky thuat tim
kiém TZ (Test Zone Search Algorithm) biang céach s dung ky
thuat hoc may nham lam giam thoi gian tim kiém vector chuyén
dong. Cac két qua mé phong cho thiy phuong phap dé xuét giam
7% thoi gian tim kiém so véi thuat toan tim kiém TZ chuan sir
dung trong chuin HEVC.

Tir khéa: HEVC, uéc lugng chuyén dong.

I. GIOITHIEU

Thé gi6i da dugc ching kién sy phat trién vuot bac cia
ma hda video ké tir cu6i nhiing nam 1980. Céc Gtng dung
video nhu cac cugc goi video, video hoi nghi qua cac mang
khong qéy va c0 day, video phat truc tuyen, truyen hinh
video s6 do nét cao...da trd thanh mot phan khdng the thicu
trong cudc Song thuong ngay. Tuy nhién, viéc truyen dan
video khong nén yéu cau téc do dit liéu khdong 16. Vi dy,
mot file video do ngt cao (1920 x 1080) 30 khung hinh/s
khdng nén s& yéu cau toc do dir ligu 1,5 Gb/s va bo nhé
1TB dé luu trir doan video dai 90 phut. Dleu nay la phi thuc
té khi sir dung co s6 ha ting duong truyén va b luu trir dir
ligu hién thoi. Vi vay, viéc nén video la rat quan trong dé
truyén va luu trir lwong dit liéu 16n nhu thé nay.

Céc ky thuat nén video khai thac céc loai du thira thong
ké c6 trong dit liéu video. Cu thé, hé thdng thi giac nguoi
khong nhay véi do méo nhung nhay véi d6 sang cta hinh
anh video. Dya trén nhiing dic diém nay, cac chuan ma hoa
video thyc hién nén dix liéu video bang céch loai bo cac du
thura thoi gian va du thira khdng gian co trong tin hi¢u
video. Rat nhiéu chuan ma hoa video da dugc dé xuét trong
nhitmg nim qua nhu MPEG-1, H.262/MPEG-2, H.263,
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H.264/AVC [1] va HEVC [2] trong do chuan HEVC ra doi
nam 2013 c6 thé tiét kiém dwoc 50% téc do bit so Vi
H.264/AVC. Chua[] HEVC hd tro cac ¢ phan giai 1én toi
8192 x 4320 bao gom ca 8K UHD.

Trong céc chuan mé hoa video, dy doén lién khung
duoc coi la busc quan trong cua qua trinh ma hoa va quyet
dinh phan Ién dén hiéu suat nén caa cac chuan ma hoa
video. N6 dugc sir dung dé loai bo du thira thoi gian giita
céc khung hinh Ian can caa mot chudi video dé cho phép ty
¢ nén cao hon. Trong dy doan lién khung, mdi khung hinh
dugc chia thanh cac khéi. Sau do, thay vi ma hoa truc tiép
mdi khdi, bd ma hoa s& ¢b ging tim trong khung hinh da
mi hoa trude d6 mot khdi twong tu véi khdi dang can ma
hoa hi¢n thoi. Qua trinh nay dugc thuc hign thong qua giai
thuat dbi sanh khoi. Néu giai thuat thanh cdng, khdi cé thé
dugc ma héa bang mot vec-to goi la vec-to chuyen dong
(Motion Vector - MV) véi mét sai s6 dy doan nao d6. MV
cho biét vi tri cua kho| phu hop trong khung hinh tham
chiéu. Qué trinh quyét dinh MV dugc goi 1a qua trinh wéc
lwong chuyén dong.

Rat nhiéu giai thuat ME da duoc dé xuat tir nhitng ndm
1980 [3]. Giai thuat ME tot nhat la giai thuat tim kiém day
du (Full Search Algorithm - FSA) vi tat ca cac vi tri trong
ctra s tim kiém déu duoc kiém tra va tinh toan ham chi phi
tuong tmg. Do do giai thuat nay ludn tim ra khéi phu hop
nhat trong khung hinh tham chiéu. Tuy nhién, giai thuat nay
can nhiéu tinh toan nhét trong sé céc giai thuat ME. Dé tang
toc do tim kiém, rat nhiéu giai thuat ME nhanh da dugc
phét trien nham giam thoi gian mé hda. Co thé ké dén céac
giai thuat tim kiém ba budc (Three Step Search - TSS) [4],
giai thuat tim kiém ba buac méi (New TSS) [5,6], giai thuat
tim kiém don gian va hiéu qua (Simple and Efficient TSS -
SES) [7], giai thuat tim kiém bbn budc (4SS) [8], giai thuat
tim kiém kim cuong (Diamond Search - DS) [9] Vi mong
mudn cai tién hon nira toc do tim klem dé giam thoi gian
mé hoa trong HEVC, bai bdo nay dé xuat mot phuong phap
cai tién giai thuat tim kiém TZ bang céch sir dung ky thuat
hoc may.

Phan tiép theo cuia bai béo dugc c4u tric nhu sau. Phan
1 gigi thigu tom tit nguyen ly co ban caa udc lugng Chuyen
dong va giai thuat udc lugng chuyen dong nhanh TZ. Phan
Il mo ta phuong phép dé xuat. Cac tham sb mo phong va
két qua md phong duoc trinh bay trong Phan IV va két luan
dugc dua ra trong Phan V.

Il. CACNGHIEN CUU LIEN QUAN

Nguyén ly co ban cua ME dugc mo ta trong Hinh 1. ME
gom hai budc 1a uéc lugng chuyén dong di€ém anh nguyén
(Integer Motion Estimation - IME) va udc lugng chuyén
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dong diém anh noi suy (Fractional Motion Estimation -
FME). Trong IME, viéc tim kiém dugc thuc hién tai cac vi
tri diém anh nguyén va tao ra MV nguyén. Trong FME,
viéc tim kiém dwoc thuc hién tai cac vi tri diém anh noi
suy str dung MV nguyén nhu 1a diém bt dau.

Cira sﬁ
tim kiém
Khung hinh tham chiéu Khung hinh hién thoi
ba A
HE
. ]
ales
Vec-to Khéi phu Khéi hién
chuyén dong hop nhét thoi

Hinh 1. Nguyén Iy co ban ciia wée lwong chuyén dong

Muc dich chinh cua ME la tim trong cira s6 tim kiém
cua khung hinh tham chiéu khéi phi hop nhét véi khéi
hién thoi va tao ra vec-to chuyén dong tét nhat. Do d6, can
mot tidu chi ddi sanh hay phuong phép tinh toan do méo
dé do su gidng nhau gitra khdi hién thoi va khéi tng vién.
Tuy nhién, rit kh6 dé dinh lwong su twong dong hay do
méo trong ndi dung hinh anh bai vi hé thong thi giac nguoi
rat phuc tap va kho hiéu. Trong thuc té, ddi véi tin hiéu
video s6, c6 rat nhiéu mo hinh do do méo [3]. Trong s6 do,
sai s6 binh phuong trung binh (Mean Square Error - MSE)
va tong cac sai s6 tuyét ddi (Sum of Absolute Differences
-SAD) la cac md hinh phé bién nhét. Gia st (i, j, t) 1a
cuong d6 sang cua diém anh tai toa d6 (i,j) trong khung
hinh t va theo d6 f(i + MV,,j + MV,,t — 1) la cuong do
sang cua diém anh cua khdi ung V|en trong khung hinh
tham chiéu ¢t — 1 véi vec-to chuyén dong (MV, MV,).
Kich thuéc cua khdi can ma hdéala N x N diém anh va dai
tim kiém 12 +W theo mdi hudéng, vi vay cira s tim kiém
¢6 kich thudc QW + N) x (2W + N). Gia sir khéi hién
thoi tai vi tri (u, v), thi m6 hinh do 6 méo MSE dugc dinh
nghia nhu sau:

MSE(MVy, MV,)

u+N-1v+N-1

! z Z[f(i‘t)— i + MV,,j (1)
“NxN . _ Jrt) = f( o)

i=u j=v
+ MV, ¢ — 1]

Gié tri MSE nay duogc sir dung dé danh gia sy giéng
nhau gitra hai khéi. Bé tim ra khdi pht hop nhat, mé hinh
MSE duoc &p dung cho ting khéi wng vién vai cac vec-to
chuyén dong khac nhau (MV,, MV;,) bén trong cira s6 tim
kiém. Khéi tng vién nao c6 MSE nho nhat s& duoc coi 1a
khdi pht hop nhit.

Ngoai MSE con ¢6 mot md hinh do 6 méo khdi twong
tu 14 SAD, tham s nay tinh toén su sai khéc tuyét ddi gitra
hai diém anh caa khdi hién thoi va khdi ang vién thay vi
binh phuong su sai khac trong MSE. SAD tai vi tri (u, v)
VGi vec-to chuyén dong (MV,, M Vy) dugc dinh nghia nhu
sau:
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u+N-1u+N-1

Z Z |G t)

~fa +MVx.J + MV,
- 1)|

Twong tw MSE, khdi nao ¢6 SAD nho nhat dugc coi 1a
khéi phi hop nhat.

Giai thuat FSA thyuc hién tim kiém trén toan b céc vi
tri trong dai tim kiém. Giai thuat nay tbi wu theo khia canh
néu dai tim kiém dugc xac dinh dung, n6 s& dam bao tim
ra vi tri phd hop nhat. Tuy nhién, néu dai tim kiém theo
mdi huéng 1a W vai kich thudce bude 1a 1 diém anh thi co
tong cong (2W + 1) lan dich chuyén dé tim ra vec-to
chuyén dong cho mdi khéi va yéu cau mét sé luong 16n
céc phép tinh. Cac yéu cau tinh toan I6n cua FSA lam cho
n6é khéng kha thi cho cac (tng dung video thoi gian thyc.
Céc ing dung nay thudng st dung cac chién lugc tim kiém

nhanh va hiéu qua.

‘ Khi tao diém tim kiém ‘

SAD(MV,, MV,,))
2

Thuce hién tim kiém lan dau
(Diamond search)

bung

Khoang céch tét nhat = 0

Sai
'
Sai
-

Bung

Tim kiém bd sung
2 diém

Luu vector chuyén
dong

‘ Tim kiém kiéu raster

Bung
- Khoang cach tét nhat = 0
Khoang cach tét nhat = 1
Bung

Hinh 2. So dé tim kiém TZ

Tim kiém 7 vong
(7-round Diamond
search)

Nhiéu giai thuat tim kiém nhanh da duwoc dé& xuat dé
giam do phuc tap tinh toan cia FSA trong khi van duy tri
chat lugng du doan tuong duong. Bang cach chi tim kiém
mot s6 cac ung vién trong cira s6 tim kiém nén céac giai
thuat nhanh s& giam do phuc tap va sb lugng cac phép toén.
Tuy nhién né thuong lam giam chit luong video va lam
tang téc do bit. Cung vai su phét trién cua cac video do nét
cao, CAc giai thuat tim kiém day du rat it khi duoc st dung
trong céc ung dung ma hoa vi d6 phuc tap cuc ky cao. Do
do cac giai thuat tim kiém nhanh ngay cang dugc sir dung
rong rai. Mot sé giai thuat tim kiém nhanh hién nay c6 thé
tiém can chit lugng video nhur giai thuat tim kiém day du
Véi toe dd bit cao hon mot chat trong khi van duy tri duoc
do6 phirc tap thap. Va giai thuat tim kiém ving kiém tra (TZ)
[10] 1a mot trong s6 cac giai phap nhu thé.

Giai thuat tim kiém TZ 1a mot giai thuat tim kiém nhanh
méi duoc st dung rong rdi va dwoc chip nhan boi phan
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mém tham chiéu cua chuan ma héa video HEVC vi hiéu
suét tét [3]. bay la thuat toan tim kiém lai ghép véi su két
hop ciia tim kiém kim cuong/hinh vudng véi tim kiém
raster. Qua trinh tim kiém TZ duoc mé ta trong Hinh 2.

Tim kiém lan dau

Trong phan mém tham chiéu HEVC, dbi véi tim kiém
lan dau, co hai tdy chon trong thuat toan tim kiém la tim
kiém kim cuong va tim kiém hinh vuéng, tuy nhién tim
kiém kim cwong duoc dat lam mac dinh. Hinh 3 minh hoa
mau tim kiém va chién Iugc tim kiém kim cuong 7 vong,
& d6, ngdi sao & gitra tugng trung cho diém bat dau va goi
la tam tim kiém va cac diém khac danh dau céc vi tri ung
vién. Mot dic diém cua thuat toan tim kiém kim cwong 1a
s6 vong bi gisi han bai pham vi tim kiém. Vi dai tim kiém
mic dinh dwoc sir dung trong md hinh tham chiéu HEVC
la +64thi sb vong 1a 7.

b o

% Diém trung tam

O Vong1 1; Xx
(O Vong 2

O Vong 3

/\ Vong 4

[J vong 5 bR b

43 véng 6

XX Vong 7

Hinh 3. Tim kiém kim cwong 7 vong trong tim kiém TZ

Nhu trong Hinh 3, vong dau tién caa tim kiém kim cuong
¢6 4 miu xung quanh diém bét dau véi khoang cach bang
1, cac Vi tri ndy la trén, dudi, tréi, phal Tir vong 2 dén vong
4, sb lwong cac mau tim kiém cho mdi vong tang 1én 8 voi
4 vi tri ¢ gitra va khoang cach tuwong (g ciia moi vong la
2, 4 va 8. Tuong tu tir vong thir 5 dén vong thir 7, ¢6 8 vi
tri mot phan tu dwoc thém vao cho mai vong va khoang
cach caa mdi vong lan luot 14 16, 32, va 64. Do do, sd
lwong mau tim kiém trong I1an tim kiém dau tién nay la 76
cho toan bo ving tim kiém. Khi viéc tim kiém cho toan bo
c4c mau nay két thic, c6 ba kha ning xay ra duya trén két
qua tim kiém cua tim kiém lan dau:

1) Két thac: Néu khdi pht hop nhét c6 khoang céach
bang 0, diéu d6 c6 nghia 1a du doan MV 1a du chinh
xac va khong co khoi tng vién nao phd hop hon
diém bt dau, toan by qua trinh tim kiém TZ két
thlic ngay vai diém bat dau chinh 1a MV cudi cuing
tét nhat.

2) Tim kiém 2 @iém lan cdn: Néu khoang cach cua
khdi phu hop nhit bang 1, buéc tiép theo caa Tim
kiém 1an dau 1a thuc hién tim kiém 2 diém lan can,
budc nay déng vai tro 1a budc loc tinh chinh cudi
cling trén cac vi tri 1an can truéc khi hoan tat tim
kiém TZ.
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3) Tim kiém raster: Trong truong hop khdi phi hop
nhét cach diém bit diu nhiéu hon 5 diém anh, viéc
tim kiém raster trong toan bo cira s6 tim kiém s&
dugc thyc hién. Boi vi khoang cach tét nhat lon
nhét 5 diém anh cho thay dé chinh xac cua du doan
MV chua tét, viéc tim kiém dién rong nhu mét bién
phap can thiét dé tim ra khdi phi hop nhat.

4) Tim kiém tinh chinh: Khac vai tat ca cac truong
hop dugc dé cap trude d6, néu khoang cach nam
trong khoang tir 2 dén 5 diém anh, thay vi tim kiém
tinh chinh trén céc lan can caa né, viéc tim kiém
tinh chinh trén toan bo dai tim kiém véi tam 13 vi
tri ciia khdi phii hop nhat tir budc Tim kiém lan dau
s& duoc thuc hién. Dac biét, c6 mot tiéu chi ding
sém ddi voi tim kiém lan dau. Boi vi thir ty tim
kiém 12 tir vong 1 dén vong 7 véi mot khoang céach
twong ung, néu trong vong tha (r € [1, 3]) khoi
phu hop tét nhét tam thoi tim dwoc 1A MB,, va trong
3 vong tiép theo, tir vong the (r + 1) dén (r +3),
khéng ton tai tng vién nao tét hon thi Tim kiém
tinh chinh c6 thé két thic voi MB, 1a khéi phu hop
nhét cho budc tiép theo.

Tim kiém 2 diém lan can

Budc tim kiém 2 diém 1an can chi dwoc yéu cau khi
khoang cach caa khdi pht hop nhat bang 1. Khoang céch
bang 1 cho thay c6 8 vi tri c6 thé du diéu kién nhu dugc
mo ta trong ctra s6 trung tam cuia Hinh 4 trong d6 4 vi tri
ctia vong dau tién dugce danh diu bang mau tim va 4 vi tri
con lai tir vong thir 2 (dwoc danh dau bai chim mau xanh
lam). Céc mau tim kiém va chién luoc tim kiém 2 diém lan
can dugc mo ta cho 8 trudng hop riéng biét trong d6 cham
d6 cho biét n6 1a gié tri phu hop nhét trong truong hop do
va hai ngdi sao mau den chi ra hai vi tri con thiéu. Sau khi
hoan thanh tim kiém 2 diém con thiéu két thdc, vi tri dich
chuyén cua khdi pht hop nhit cudi cuing s& dugc luu lai va
khi d6 tim kiém TZ két thc.

B

A
L
{1 L T

2 Piém trung tam

4
i}
L}

O Vij tri tim kiém vé&i khodng cach 1 pixel

Vi tri tét nhat véi khodng cach 1 pixel

O Vi tri tim kiém 2 diém lan can

Hinh 4. Tim kiém 2 diém lan cdn
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Tim kiém raster

Khi khoang céch giira diém bat dau va khéi phi hop
nhat trong budc Tim kiém lan dau I6n hon 5 diém anh, tim
kiém TZ s& budc vao giai doan tim kiém raster. Chién luoc
cua tim kiém raster rat don gian & chd né thyc hién tim
kiém day du trong ving cira s6 tim kiém véi khoang céch
tim kiém o diém anh theo ca hai huéng ngang va doc, &
d6 o = 5 d6i véi phan mém tham chiéu HEVC. Cac mau
tim kiém cua tim kiém raster duoc mé ta trong Hinh 5.

5 pixel

(64,69 niet (64,69
O0O0O0O0O0
O000O0O0

2D 00000

5p|xel‘v

O OO O0O0O0
OO0O0OO0w%w
O O

(64,-64)> (64,64)

Hinh 5. Cac mau tim kiém cuia tim kiém raster véi khodng
cdch 5 diéem anh

Sau khi hoan thanh viéc quét qua tat ca cac mau tim
kiém, néu khdi téi wu duogc tao ra bai tim kiém raster tring
hop véi khéi phii hop nhat tir bude tim kiém lan dau, vi tri
dich chuyén cia n6 dwoc coi la MV tdt nhat va tim kiém
TZ s& dirng ngay lap tac; néu khong thi tim kiém TZ s&
duoc tiép tuc véi viéc tim kiém tinh chinh toan bo dai tim
kiém.

Tim kiém tinh chinh

Tim kiém tinh chinh dwoc thuc hién véi hai truong hop:
(1) khoang cach tét nhat nam gitra 2 va 5 diém anh sau
budc Tim kiém lan dau; (2) Tim kiém raster tim ra khi
phtl hop t6i wu khac véi két qua cia Tim kiém lan dau.
Trong tim kiém TZ thyc hién trong phan mém tham chiéu
HEVC, c6 hai tlly chon ddi vai tim kiém tinh chinh: Tinh
chinh hinh sao va tinh chinh raster. Qué trinh tinh chinh
hinh ngéi sao thyc hién tim kiém hinh kim cuong 7 vong
(dugc mo ta trong Hinh 3) véi dai tim kiém day du lay khéi
phl hop nhat tir giai doan trudc 1am tam. Boi vi Tim kiém
hinh sao chi dirng khi khoang cach tét nhat cudi ciing bang
0 hoic 1, néu khdng né s& tiép tuc thuc hién Tim kiém kim
cuong 7 vong Vi tam 12 vi tri t6i wu méi duoc tim thiy ¢
tim kiém tinh chinh trude d6. Khi khoang cac tét nhét bang
1, tim kiém hai diém lan can duoc thuc hién bé sung trudc
khi dirng tim kiém TZ. Bdi véi Tinh chinh raster, khac véi
Tinh chinh hinh sao, thay vi 4p dung Tim kiém kim cwong
7 vong, n6 st dung Tim kiém kim cuong 1 vong véi
khoang cach bang mot nira khoang céch tét nhat cua giai
doan trudc d6. N6 s€ lap lai qua trinh nay va sé khong dung
cho dén khi hoic 1a khoang cach tét nhat cia vong tim
kiém nao d6 bang 0 hoic khoang céch tét nhat giam dén 1
hozc 0 sau mot vai vong tim kiém. Mot vi du vé Tinh chinh
raster dugc md ta trong Hinh 6. So vai tinh chinh raster,
tinh chinh hinh sao s& tim kiém nhiéu vi tri hon béi vi hé
thdng tim kiém kim cwong 7 vong chéc chin sé tao ra MV
chinh xac hon va vi vay dat dugc chét lugng video cao hon.
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Trong mo hinh tham chiéu HM, tinh chinh hinh sao dugc
thiét lap Ia hé thong tinh chinh mic dinh.

—————— o
O O o

o O

o Mo % 0

OeOA

O Qe m e

. A

O ,
Vong 1, khoang cach 8 pixel
Vong 2, khoang cach 4 pixel
Vong 3, khoang céach 2 pixel
Vong 4, khoang cach 1 pixel
2 diém l1an can

> wo &3k

Hinh 6. Vi du vé tim kiém tinh chinh raster

I11.PHUONG PHAP PE XUAT

Nhu di dé cap ¢ phan trén, trong trudng hop khoang
cach 16n hon 5, b6 m& hoéa sé thuc hién qué trinh Tinh
chinh hinh sao. Qué trinh nay thuc chét 1a thuc hién lai mot
lan nita 7 vong tinh toan nhu hinh trén nhung diém bt dau
dugc thay bang diém vira tim dwoc trong lan truéc. Qué
trinh nay chi dung lai khi bo ma hoa tim duoc khdi co
khoang céach bang 0 hoic 1. Khi khoang cach bang 0 thi
dirng lai. Khi khoang céch bang 1 thi lai thuc hién tim ¢ 2
vi tri diém con thiéu va dung lai. Néu khoang cach Ién hon
1 thi thyc hién tim kiém tai cac diém caa vong tiép theo.
Khoang cach giita c4c vong s& taing dan gap doi so véi
vong trudc. Tuy nhién, theo quan sat qua qué trinh thuc
nghiém, lity thira ciia 2 ¢6 thé chi phd hop vai cac video
¢ chuyén dong cham. Trong trudng hop video chuyén
dong nhanh, bo ma héa can nhiéu vong dé tim kiém. Vi
vay, dé tang toc do tim kiém, boi sé c6 thé tang 1én dé phu
hop véi ndi dung video. Bé thich tng véi noi dung video,
mo hinh mang noron dugc st dung dé dy doan boi s6 cua
khoang cach gitra cac vong tim kiém khi khoang céch tét
nhat khac 0 va 1 nhung nhé hon 5. Qua trinh dy doan
khoang cach bao gom:

Budc 1: Xay dung md hinh du doan khoang céch

Trong phuong phap dé xuat, mot md hinh mang noron
dugc sir dung dé du doan boi s6 cua khoang cach gitra cac
vong tim kiém thich tng véi noi dung cua video. Cu thé,
kién trc mang noron dugc dé xuat bao gdbm 3 16p trong
d6 16p dau vao c6 3 noron nhan céc gié tri dic trung cua
khung hinh bao gém gia tri SAD (gi4 tri khac biét giira
khung hinh hién tai va khung hinh truéc d6), gia tri trung
binh ciia hé sé DC va gia tri phuong sai cua hé s DC cua
céc khéi trong mot khung hinh, 16p an c¢6 2 noron va 16p
dau ra co 1 noron chira gia tri du doan cia boi s6. Ham tich
cuc duoc sir dung trong mang la ham sigmoid.

Dit liéu duoc sir dung dé huan luyén la tham sé cua céc
khung hinh trong céc chudi video "Harbor", "Husky",
"Mobile", News" va "Pamphlet" véi do phan giai khong
gian 176x144 , sb luong cac khung hinh caa mdi chudi la
300. C4c chudi duoc chon c6 sy da dang vé két cau anh va
dic tinh chuyén dong cua chudi. Cac chudi nay dugc ma
héa véi bén tham sé lwong tir 1an luot 12 28, 32, 36 va 40.
Két qua cua qua trinh nay 1a mé hinh dy doan khoang cach
gitra cac vong tim kiém.
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Bugc 2: Ap dung md hinh dy doan khoang cach giita
cé&c vong tim kiém ¢ budc 1 vao cho céc dir liéu video mai.

‘ Khdi tao diém tim kiém ‘

Thwce hién tim kiém lan dau
(Diamond search)

Bung

Khoang céch tét nhét = 0

Sai

Khoang cach tt nhat = 1

Sai

Khoang céch tot nhat > 5

Bung

Tim kiém b6 sung
2 diém

Lwu vector chuyén
doéng

‘ Tim kiém kiéu raster

M6 hinh dy doan

Gia trj boi sb
khoang cach
gilra cac vong

Tim kiém 7 vong
(7-round Diamond |—-
search)

Hinh 7. Thudt todn tim kiém TZ cdi tién

Hinh 7 mé ta cac budc cua thuat toan tim kiém TZ cai
tién. Sau khi thuc hién tim kiém theo lan dau, néu khoang
céch cua vector chuyén dong khac 0 va 1 nhung nho hon
5, bo méa hda sé thuc hién tinh gia tri SAD, gié tri trung
binh va gi4 tri phuong sai cua cac hé s DC cua cac khbi
8 x 8 cuia khung hinh hién thoi. Cac gia tri nay sé la cac
gia tri dau vao cia md hinh du doan. Bo dy doan s& dy
doan gia tri boi sb cua khoang cach gitra cac vong cua qué
trinh tim kiém 7 vong.

IV.DPIEU KIEN THU NGHIEM VA PHAN TICH KET
QUA
A. Diéu kién thiz nghiém
D,é danh gia hi¢u nang cua phuwong phdp tim kiém TZ
cai tien dugc dé xuat so voi phuong phap tim kiem TZ cia
HEVC, bon chuoi video sau dugc sir dung 1a “Akiyo”,
“Carphone”, “Foreman” va “Coastguard” vé&i do phan
giai 176x144 va cac gia tri cua tham so luong tir lan luot la
28, 32, 36 va 40.

B. Phan tich két qua

Hiéu nang giita phuong phap dé xuat véi phuong phap
TZ chuan duoc so sénh théng qua tham sb tc do bit — do
bién dang tin hiéu (RD) va gi4 tri Bjontegaard Rate [11].
Bang | mo ta gia tri BD-Rate va BD-PSNR va Bang Il m6
ta thoi gian ma hda cua hai phuong phap. Hinh 8 so sanh
duong cong RD cua hai phuong phap nay.

Céc két qua trong Bang | va Hinh 8 cho thay mirc do
tiét kiém tdc do bit va muc chét lugng tin hiéu cua hai
phuong phép TZ chuan va TZ céi tién 1a twong duong nhau.
Phuong phap TZ cai tién c6 loi thé véi hai chudi Foreman
va Coastguard la nhiing chudi ¢ chuyén dong nhanh va
phuc tap trong khi phuong phap TZ chuén dat két qua tot
hon véi cac chudi chuyén dong cham va it phuc tap. Tuy
nhién, thoi gian ma hda caa phuong phap TZ cai tién giam
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di so véi phuong phap TZ chuan di véi ca 4 chudi video
thir nghiém (Bang I1). Phuong phép TZ ci tién trung binh
giam dugc 7% thoi gian mé hoa so v6i phuong phap TZ
chuan. D6 1a nho viéc lya chon khoang céch trong tim
kiém hinh sao ty thuéc vao noi dung chudi video dé toi
uu thoi gian mé héa.

Bang I. So sanh BD-Rate [% ] va BD-PSNR [dB] ciia

phwong phap tim kiém TZ cai tién va phirong phdp tim

kiem TZ chuan

Chudi Video BD-Rate BD-PSNR
Carphone 2,00 _ 0]11
Foreman -1,58 0,06

Akiyo 0,57 0,08

Coastguard -5,40 0,16

Trung binh _1,10 0,05

Bang II. So sanh thoi gian md héa trung binh (s) cho 1
khung hinh ciia bg ma HEVC khi sir dung phwong phap
tim kiem TZ cdi tién va phwong phap tim kiem TZ chudan

Chudi Video | TImkiémTZ | Timkiém TZ
chuan cai tién
Carphone 9,08 8,55
Foreman 7,34 6,97
Akiyo 5,10 4,90
Coastguard 3,79 3,12
Trung binh 6,33 5,88
- ‘Carphone ‘
36
35r
al
g
g 33
4
32 r
31
30 —©— Tim ki€m TZ chuin
—g— Tim kiém TZ cai tién
2940 (;D BIO 1 60 12‘0 1:‘10 1 E;O 180
Rate [kbps]
39 Akiyo 2
38
37 r
36
g 35
U
&
Oog3t
32r
31 r
—©— Tim kiém TZ chuan
30 & —g— Tim ki€m TZ cdi tién
2950 E;O 7‘0 BIO 5;0 1 ll)O 1 1‘ 0 1 ‘20 1:;0 1!;0 150

Rate [kbps]
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Foreman
37 T T

36
35
s
o
h=A
@ 33
z
7
o
32
3
30 Tim ki€m TZ chudn
—&— Tim kiém TZ cai tién
29 B . . .
40 60 80 100 120 140 160 180
Rate [kbps]
C d
34 T T T ™
33r
32
o
k=5
9
c kl
7]
o
30
29 ~ -
Tim kiém TZ chuan
—g— Tim kiém TZ cdi tién

20 40 60 80 100 120 140 160 180
Rate [kbps]

Hinh 8. Puong cong RD ciia 4 chudi video Carphone,
Akiyo, Foreman va Coastguard.

V. KET LUAN

Bai bao da dé xuat mot phuong phép giam thoi gian ma
hoa cho chuian HEVC bing cach cai tién thut toan tim
kiém TZ st dung ky thuat hoc may. Khi khoang céch t6t
nhat khac 0 va 1 nhung nhé hon 5, viéc du doan khoang
céch giira cac vong tim kiém trong giai doan tinh chinh hinh
sao dugc thuc hién dya trén md hinh mang no-ron. Viéc sir
dung mang no-ron gitp tim ra kh0ang cach tét nhat trong
kh0ang thoi gian ngan hon dé gilp giam thoi gian ma hoa.
Céc ket qua mod phong da cho thay phuong phap TZ cai tién
da gidm thoi gian md hoa so voi phuong phap TZ chuén la
7% trong khi van giir dugc muc chat lugng twong duong so
v6i phuong phap TZ chuan.

LOI CAM ON
Nghién ctru nay duoc tai tro boi Hoc Vign Cong nghé

Buu chinh Vién thong trong dé tai ma sé 05-2021-HV-
KTDTI.
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REDUCE ENCODING TIME FOR HEVC
VIDEO CODING BY IMPROVING THE
TZ SEARCH ALGORITHM

Abstract: The demand for high-resolution video, and
especially the use of high-quality video on mobile devices,
has led to an increasing demand for high-performance
video encoders. To meet that requirement, new video
coding standards are constantly being developed. The
HEVC high-performance video coding standard achieves a
50% increase in compression compared to its predecessor
H.264 with comparable video quality. In these predictive
video coding standards, motion estimation (ME) is one of
the most important modules that determines video encoder
compression efficiency. However it also accounts for 50%-
70% of the coding complexity of the entire encoder. The
large computational resource consumption reduces the
performance of the encoder, especially for ultra HD and full
HD video in terms of encoder rate, bit rate and video
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quality. Therefore, reducing the computational complexity
and improving the computation time for the motion
estimation algorithm for the HEVC standard is a task of
great interest. In this paper, we improved TZ search
technique by using machine learning techniques to reduce
motion vector search time. The simulation results show that
the proposed method reduces the encoding time by 7%

Nguyén Thi Huong Thio,
Nhan béng tbt nghiép dai hoc va
thac sy Hoc vién Cong nghé Buu
chinh Vién thong vao cic nim
2003 va 2010. Nam 2021 nhan
béng Tién si tai Hoc vién Cong
ngh¢ Buu chinh Vién thong
nganh Ky thuat dién tu. Hién

compared to the HEVC standard TZ search algorithm. dang giang day tai Khoa K thuat
. . . Pién tur 1 - Hoc vién Cong nghé
Keyword: HEVC, Motion Estimation. Buu chinh Vién théng. Linh vuc

nghién ctru: Xtr 1y tin hi¢u Video,
Xt ly Anh, Ly thuyét thong tin.

Vii Hiru Tién, Tt nghiép dai
hoc va cao hoc nganh bién tir
Vién thong vao cac niam 2002,
2004 tai Dai hoc Bach khoa Ha
ndi. Nam 2010 nhén bang Tién st
tai Pai hoc Chulalongkorn (Thai
Lan) nganh Dién tir Vién thong.
Hién dang cong tac tai Khoa Da
phuong tién, Hoc vién Cong
nghé Buu chinh Vién thong.

Linh vuc nghién ctru hién nay:
Xt 1y tin hidu va truyén thong da
phuong tién, Phat trién Gmg dung
da phuong tién.
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