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NGHIEN CUU ANH HUONG CUA CAU TRUC GOP LEN CHAT LUQNG
TRUYEN VIDEO H.265 TRONG MOI TRUONG WLAN

Lwong Thi Théo Hiéu", Lé Thi Thu Hién
Truong Pai hoc Kinh té - Ky thudt Cong nghiép

TOM TAT

Nhiing tién bg trong truyén thong khong day va cong nghé di dong da gia ting dang ké cac dich vu
video cho nguoi ding dau cudi, tuy nhién, trai nghiém video chat lugng cao trén méi truong khong
day ludn 1a mot thach thire. Xu huéng nay lam ting nhu cau nghién ciru, danh gia chét luong video
trong moi truong mang dic biét 1a mang khong day. Chét lwong hinh anh video phu thudc véo
nhiéu tham sé khéac nhau trong d6 c¢6 nhém hinh anh GOP. Trong bai bio ndy chung t6i tip trung
nghién ctru anh huéng cua ciu tric GOP dén chét lugng video H.265 trong mdi trudng mang
khong day bién ddi, viéc danh gia dugc thyc hién dya trén md phong truyén céc chudi video dugc
thiét ké v6i cac cdu trac GOP khéac nhau trén méi trudng WLAN trong ns2 tich hop Evalvid. Céc
thi nghiém chiing minh rang chat lvong video dugc cai thién khi kich thuéc cua GOP ting.
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ABSTRACT

Advances in wireless communications and mobile technology have dramatically increased video
services for end user, however, transferring high quality video over wireless is always a challenge.
This trend increases the demand for researching and assessing video quality in network
environments, especially wireless. The video quality depends on a number of parameters including
the GOP (Group of Picture). This paper focuses on the impact of GOP structure on H.265 video
quality. The evaluation was carried out based on the transmission simulation of video sequences
designed with different GOP structures on WLAN environment in ns2 integrate Evalvid framework.
Experiments demonstrate that video quality will improve as the size of the GOP increase.
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1. Mé dau

Dich vy da phuong tién phat trién manh, ciing
v6i nhu ciu sir dung céc g dung video thoi
gian thuc véi do phan giai cao da thuc day
ITU-T va ISO/IEC phét trién chuan mi hoa
video thé hé méi - ma hoa video hiéu qua cao
HEVC (High Efficiency Video Coding) hay
con goi 1a chuan H.265. H.265 1a chuin ma
hoa video méi nhat (co6 mit thang 1/2013), cai
thién hon 50% kha nang nén so voi H.264
nhung van cho hinh anh chat luong [1], hon
nira H.265 dugc thiét ké dé dap ung truyén
thong video chat luong cao ngay ca trong
diéu kién bang thong thap, chuin nay tiéu thu
bang thong giam mot nura so vai H.264 va
hudng téi cac ung dung video c¢6 do phan giai
cao nhu Tivi 4k (4096x2160) va d6 phan giai
rat cao nhu Tivi 8k (7680x4320) - Ultra High
Definition Television-UHDTV [1]. Su khac
biét vé chat lugng hinh anh giita H.264 va
H.265 dugc minh hoa trong hinh 1.
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Hinh 1. So sanh hinh anh H.264 véi H.265
Tuy nhién, khi phan phéi video véi téc do
cao, thoi gian thuc trong moi truong khong
day dan dén ti 16 mat goi 16n lam giam chét
luong trai nghiém nguoi dung dau cubi
(quality of experience - QOE). Hon nira, dac
diém chung cua mang khong day (WLAN) la
chat lugng kénh truyén thay doi theo thoi gian
va hiéu sudt kém hon so v&i mang co day
(LAN), tir d6 dé cung cép video hiéu qua,
chat luong tdt trén moi truong khong day
luon la mot thach thire. Trong bai bao nay, tac
gia nghién ctru cac dic diém chinh cua chuén
ma hoa H.265, tap trung vao nhom hinh anh
GOP, nghién ciru anh huong cua ciu triic

GOP dén chét luong video, tao video H.265
voi cac GOP d0 dai khac nhau, sau d6 mo
phong, phan tich, danh gia chat lugng truyén
video trong mdi truong mang khong day dua
trén khung lam viéc Evalvid tich hop trong
ns 2.35, tir d6 dé xuat cdu traic GOP phu hop
voi video H.265 khi st dung trong méi
truong WLAN.

2. Mt s6 chuAn MPEG tién tién

2.1. H.264/AVC

Chuan H.264 con duoc goi 1a MPEG-AVC
(Advanced Video Coding), dugc cong bb nam
2003, hién la chuan hd tro céng nghé nén tién
tién va hiéu qua. Chuan nay ké thira nhing uu
diém ndi troi ctia nhimg chudn nén trude day,
ddng thoi st dung nhitng thuat toan nén va
phuong thirc truyén hinh anh méi phtc tap.
H.264 di lam giam dang ké dir lidu va bang
thong truyén di cua video.

2.2. H.265/HEVC

Chuan H.265/HEVC dugc thiét ké dat nhiéu
muc tiéu, bao gém ma hoéa hiéu qua, dé dang
tich hop hé thong, kha ning phuc hoi mat mat
dii liéu cling nhu ting kha nang thyc hién
bang cach st dung kién trac xir Iy song song.
Vé6i cung chat lugng hinh anh, mot chudi
video H.265 chiém it dung lugng luu trir hodc
it dung luong dudng truyén hon chudi video
H.264 tuong tUng. Khi cung bang thong
duong truyén hodc khong gian luu trit, thi
chat luong do phan giai cia H.265 cao hon
H.264. Lop ma hoa video cua H.265 con sur
dung céc k¥ thuat hdn hop bao gém ca dy
doan nodi suy va md hoa bién d6i 2 chidu. Véi
nhiing cai tién nay, H.265 dat hiéu qua ma
hoa cao hon va kha nang phuc hoi mat mat dir
lidu tét hon so vdi cac chudn trude day, dong
thoi n6 hd trg video chét lugng Ultra HD
(diéu nay khé thyuc hién véi H.264), hon nira
n6 c¢6 kha ning thich ung tét hon trong diéu
kién mang bién doi [2].

3. Pic tinh ndi bat cia H.265

Chuén H.265 dugc mé héa dua trén nguyén ly
ma hoa lai block-based: mdi anh trong sudt
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qué trinh ma hoa duoc chia thanh cac block
vuéng co6 cung kich thuéc, mdi block niy
dong vai tro 1a gdc cia cdy md hoa khdi
(coding tree block - CTB). Cac CTB lai dugc
chia nho thanh cac coding block (CB) - la cac
thyc thé ma bo ma hoa phai quyét dinh ding
du doan intra-picture (dy doan bu chuyén
dong) hodc inter-picture (khai thac du thira
khong gian giita cac block lan cén). Ban do
phan ving cua cac block duoc dwa dén bod
giai ma, anh dau tién trong chudi video duoc
mi hoa bang dy doan bu chuyén dong, cac
anh con lai dugc ma hoa béng du doan khai
thac du thira khong gian [3]. Do mdi anh
trong HEVC dugc phan chia thanh cac CTB,
mot CTB ciia cac miu luma két hop véi 2
CTB cia cdc mau chroma tao thanh mot don
vi Cay ma hoa - Coding Tree Unit (CTU).
Mdi CTU dugc chia thanh nhiéu don vi ma
hoa - coding unit (CU) ¢6 kich thuéc L x L, L
¢6 thé bién d6i 16, 32 hodc 64 (trong khi do
H.264 st dung kich thuéc L c¢b dinh 1a 16
x16). Kich thugc CU lon hon gitp HEVC
hi€u qua khi ma hoa video véi do phan giai
cao; tuy nhién ciing c6 thé 1am ting do tré ma
hoa/giai ma cling nhu ting do phirc tap tinh
toan va bd nhé. Phan hoach CTU thanh cac

CU minh hoa trong hinh 2.
1 2
8
3 4
7
5 6
9 |10
13
11 | 12 16
14 15
l TR
~ . ‘ -

Hinh 2. Phdn hoach cdy CTU thanh cac CU [3]

HEVC str dung khung dy doan ndi suy, thuc
hién bang cach noi suy cac gia tri mau tir cac
mau tham chiéu, qua trinh bao gom ba budc:
xdy dyng mang mau tham chiéu, du doan
mau, va hoan tat qua trinh xur ly. Cac budce
nay dugc thiét ké dé dat hiéu qua ma hda cao.
Pién hinh st dung phu‘ong phap du doan
angular - goc, va planar - phang: phuong phap
du doan goc sur dung 33 huéng dé dy doan,
v6i d6 chinh xac 1/32 thay cho 8 hudng
(trong H.264). Thao tac co ban thuc hién du
doan goc trong mot mau duoc md ta nhu
sai:p=(U*a+v*b+16)>>5 (1)

v6i u va v 1a hai hing s cho trudc, a va b la
céc gia tri mau tham chiéu. Piéu nay c6 nghia
1a du doan goc can 5 thao tac: hai phép nhén,
hai phép cong, mot phép dich chuyén dé dy
doan mau. Trong H.264 du dodn mot mau
duoc thuc hién nhu sau:
p=(a+2*b+c+2)>>2 (2)
Vi a, b, ¢ 1a cac mau tham chiéu, diéu nay co
nghia la dé du doan mot mau H.264, can ba
phép cong, mot phép nhan va mot phép dich
chuyén, nhu vay d6 phuc tap it hon HEVC.
Du doan phing trong HEVC dugc sir dung dé
tao ra mot bé mat du doan khi c6 ranh gidi
gilta cac bién trong khéi - 1am min bién - thyc
hién bang cach iy trung binh dy doan tuyen
tinh theo chiéu ngang va doc trén co s mau
(H.264 khong hd trg lam min bién). Trong
truong hop mot sé mau tham chiéu 1an can
khong c6 san, dé du doan HEVC str dung ché
d6 du doan thay thé cic miu tham chiéu
(minh hoa trong hinh 3), diéu nay trong H.264

khong ho trg,
] b
ASi-1 Pi2N-1j{-1]
' 1
F-2ji-1 —ofTTE[FIE[A[ TTT]] [olelflclHH|nHKH
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PL-1JIN-1) —o A] (4]
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Hinh 3. Minh hoa thay thé cic mau tham chiéu [3]
a) Cdc mau tham chiéu truée khi thay thé
b) Cdc mau tham chiéu sau khi thay thé
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Ngoai ra, H.265 con st dung bo loc in-loop
de-blocking (tuwong tu H.264), tuy nhién dugc
thiét ké t6i wu hoa dé xir 1y song song. Diém
khac biét gitra dac tinh ma hoa cua H.265 va
H.264 dugc thé hién qua cac thong sb trong
bang 1.

Bang 1. So sanh dac tinh ma héa giita H.265 va H.264

DPic tinh H.265 H.264
Kich thuéec CU 16, 32, 64 16 :
B0 loc in-loop Xir 1y song Khong h,o

. tro xur ly
de-blocking song
song song
Du doan goc 33 hudng 8 hudng
Lam min bién Co Khoéng
Thay thé mau co Khong

tham chiéu

4. Xay dung video H.265 véi cic ciu tric
GOP khéac nhau

4.1. Ciu triic GOP

Vo6i phuong phap ma hoa video hién dai sé€
mid héa mdi khung hinh thanh: khung I
(khung chinh), P (khung du doéan) hoéc B (hai
chiéu), c6 mot trat tu va tin sb xut hién xéc
dinh cua cac khung I, P, B trong cac tap tin
video. Khung I, xuit hién déu dan tai cac
doan, phan chia video thanh "nhém céc hinh
anh" hay GOP [4], GOP doéng vai tro quan
trong trong chét luong video. Thong thuong,
GOP bit dau bang khung I va chi t6n tai mot
khung hinh I.

C6 hai tham s quan trong dé mo ta céu triic
khung trong GOP, m: s6 lugng khung B giita
hai khung P lién tiép, n: s6 luong khung B va
P giita hai khung hinh I lién tiép, day ciing
chinh la d6 dai GOP.

Mot miu GOP dién hinh theo thu tu la
IBBPBBPBBPBB, va dugc mo ta véi n = 12
va m = 3, dugc minh hoa trong hinh 4.

«—— Nhomhinhanh GOP__,
T I s D T e T
& Ea N
Pi B;BFP B BeP_‘;’B‘:BlP\ |
T I T |

Thini gian phat >

Hinh 4. Nhom hinh anh GOP [4]

Khung I 1a khung hinh can thiét nhat, con
dugc goi la khung “neo”, néu khung I bi mét
thi cac khung khac trong GOP khong duogc
giai ma. Mdi lién hé gitta sy mat khung hinh
I, P, B dén qua trinh ma héa dugc minh hoa
trong hinh 5.

Vé mat 1y thuyét 1an thuc nghiém, ching ta c6
thé thay ddi s6 luong khung I trong GOP
(thay d6i do dai ctia GOP), dé thu duoc video
voi cAu tric va chat luong khac nhau, tor do
tuy ting méi truong truyén, lwra chon GOP
phtt hop s& cho chat lugng trai nghiém ngudi
dung dau cubi tbt nhat.

S=khéng gidi m3

Mat khung I
TR
e8] SICICISES
NS jes.-.
Mit khung P
S B EH
1| e8P J _@ﬁ}@H@ ®
L B e
Mit khung B
N I Ny Y
1| |8l| 8Ll Pl |@] 8| P|B B |P
e e e

Hinh 5. Anh hudng ciia mat khung I, P, B dén
qua trinh m& héa [4]

4.2. Qui trinh tao HEVC véi ciu triic GOP
khac nhau
Trong phan nay, gidi thiéu qui trinh tao file
video theo dinh dang HEVC, xuét phat tr file
video tho yuv, Kkét qua tao ra file video HEVC
c6 céu trac GOP khéc nhau.
Buwéc 1: Ma hoa file yuv thanh dang .H265

$./ffmpeg -s cif -r 30 -f teslt.yuv -vcodec
X265 -g 12 testltx265.h265
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Budre 2: St dung MP4Box dé chira cac frame
duoc tao ra.

$./MP4Box -hint -mtu 1024 -fps 30
testltx265.h265 testltx265.mp4

Buéc 3: Tao file vét video (st)

$./mpdtrace -f -s 192.168.0.2
testltx265.mp4 > st

Trong qui trinh xay dung, chung toi thay dbi
cdu tric GOP ctia HEVC ¢ buéc thr 2, sau d6
thuc hién mo phong truyén video dé danh gia
chinh x4ac anh hudng cua cdu tric GOP 1én
chat luong hinh anh khi sir dung trong moi
truong mang khong day bién doi.

12346

5. Thue nghiém va két qua
Yéu cau:
Hé diéu hanh Ubuntu 18.04, Evalvid 2.6, ns
2.35. Tich hop Evalvid vao ns2: sira d6i code
ngudn trong file packet.h, agent.h, agent.cc
trong thu muc ns-allinone-2.35/ns-2.35. Thay
d6i noi dung file makefile trong thu muc /ns-
allinone-2.35/ ns-2.35, sau do bién dich lai ns
bang 1énh $./configure -with-tcl-ver=8.5.10;
make clean; make [5].
Thyc hién viét kich ban tcl mé phong, danh
gi4 truyén video HEVC véi d¢ dai GOP khac
nhau, théng qua 2 thong sb: do tré trung binh
cua mot goi tin va PSNR - ti sb tin hiéu cuc
dai trén nhiéu (peak signal - to - noise ratio),
day 1a mot thuat ngir dung dé tinh ti 16 giita
gi4 tri nang luong t6i da ciia mot tin hidu va
ning luong nhidu anh huong dén do chinh
xé4c cua thong tin, PSNR duoc biéu dién boi
don vi logarithm decibel, gia tri thong thuong
ctia PSNR nam tir 30 dén 50 dB, gia tri cang
cao chit lwong video cang t6t. Mi quan hé
gitta PSNR va MOS duogc minh hoa trong
bang 2.

Bang 2. Méi quan hé giza PSNR va MOS [6]

Kich ban st dung m6 hinh mang khong day
gom 8 nut dugc minh hoa trong hinh 6.

+ NUt no- gtri video —’truyén cac goi video
(dir liéu trong file st) dén nat n1 - nhén video.
+ NOt su; giri dir ligu CBR truyen voi giao
thitc UDP dén dich ru; véi toc d6 265 Kbps
va kich thude goi 1a 1000 byte.

+ NUt suz gui dir liu FTP st dung giao thirc
TCP dén dich ruz. Lién ket gitra ro va AP (Access
Point) c6 bang thong 5 Mb va do tre 10 ms.

+ Thoi gian tién hanh mo6 phong 1a thoi gian
dé truyén hét toan b(f)‘ video (250s), hang doi
dat tai cac duong truyén la DropTail.

Citri video \

Nhén video % .
! \

NopTail  SMb N \
\‘:\h et . ‘
. = 21 =
.-/ \. ; ’

ce
Hinh 6. M6 hinh mgng khong day

Céc thong s6 chi tiét minh hoa trong bang 3.
Bang 3. Théng s6 cau hinh mang

Tham sb Chi tiét

Dién tich m6 phong 670 x 670
Thoi gian mo6 phéng 250s
Tinh linh dong node Pong
Bing thong 5Mbs
Kich thude goi video 1052Byte
Lép MAC IEEE 802.11
Téc do CBR 0.265Mbps
Kiéu Antenna Omni
Giao tiép mang Wireless
Giao thirc truyén tai TCP/UDP

PSNR [DB] MOS
>37 5 (rét tot)
31-37 4 (tbt)
25-31 3 (trung binh)
20-25 2 (toi)
<20 1 (rét toi)

Két qua md phong duoc thé hign qua hai do
thi sau:

LIEN HE GIUA 0 DAI GOP VA PSNR

Ditrmte {Mboe)

Hinh 7. Mdi lién hé giita dé dai GOP va PSNR
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Qua hinh 7 cho thay, trong méi truong mang
khong day bién d6i, khi toc do bit thap (dudi
5Mbs) d6 dai GOP ¢ anh huong rd rét dén
chét luong video (céc doan dd thi co khoang
céch tach biét). GOP cang 16n cho chat luong
video cang tot, khi toc do bit cao (trén SMbs),
cac duong do thi c6 xu hudng xep gan nhau.
Diéu nay c6 nghia 1a sy khac biét gia tri
PSNR cua cac mau GOP khac nhau duoc thu
hep lai, va chét luwgng cua video c6 GOP 12,
24 14 gan nhu nhau.

LIEN HE GIC'A DO DAI GOP VA DO TRE

=00 43| GOP 3

Dy daiSCP 6

Bé trd (s)

006 £ dal GOF 12

-2-Djdaicle2s

83ng thong (Mb)

! : 3 4 s 5
Hinh 8. Anh hudéng ciia GOP tdi do tré video
Qua hinh 8 cho thdy, khi bing thong dudng
truyén thap dudi 3Mb, d6 tré trung binh cua
mét goi tin video cua cac d§ dai GOP 3, 6,24 la
khéng 6n dinh, lic nhanh, lic cham, do tré
trung binh cta goi tin video c¢6 do dai GOP 12
tuong dbi 6n dinh. Khi bang théng tir 3Mb trd
1én, d6 tré trung binh ciia mot gbi tin video bit
dau giam dan déu khi d9 dai GOP tang dan.

6. Két luan

Trong bai bao nay, chung to6i nghién ciru cac
dic diém ma hoéa tién tién cua chuin nén
H.265, anh hudng cta cdu trac GOP dén chat
luong video, nghién clru tao video H.265 véi

cac cdu trac GOP d6 dai khac nhau, sau do
danh gia chat luong truyén video H.265 qua
moi trudng mang WLAN dé thdy dugc anh
huong cia do dai GOP dén chat luong hinh
anh. Két qua, dua trén mot s6 thang do:
PSNR va d¢ tré trung binh ctia mot goi tin
nhan duoc trén dudng truyén mang khong day
cho thay chat lugng video HEVC/H.265 ting
dan khi ting do dai GOP. Trong diéu kién
mang khong diy co bing thong thip, téc do
bit nho, video H.265 vdi GOP d6 dai 12 cho
Kkét qua trai nghiém thyc sy hiéu qua.
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