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Abstract

With the expansion of the Internet and wireless technologies, video-related applications have been
expanded much more than ever. But since network bandwidth is limited, better high-gain video
compression methods remain essential. Recently, the new video compression standard called ""High
Efficiency Video Coding" (HEVC) has been introduced, which doubles the compression compared to the
previous standard called ""Advanced Video Coding", while preserving video quality at the same time. In
HEVC standard, 35 intra prediction modes have been defined to improve the efficiency of encoding
algorithm. The best intra prediction mode is chosen using a process called "Rate Distortion
Optimization™. The purpose of this study is to propose a method to reduce the number of intra
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prediction modes in RDO process, since it is a very time consuming process. A new method based on
Sobel operator is proposed for fast determination of intra prediction mode as well as coding unit size in
HEVC. Although Sobel operator is an essential part of our algorithm, other features were extracted
from coding control part of HEVC algorithm to excel the speed of coding process, since the main
purpose of fast coding algorithm should be to reduce complexity while producing a bit-stream, which
preserves the quality of decoded video. These features are parent CU mode, modes with lower cost
functions and modes that are determined to be most probable via pervious researches. Parent CU mode
is intra angle of coding unit that contains the current CU and since HEVC uses quad-tree algorithm to
calculate the best mode, it is available at the time of calculating the best mode for current CU. Modes
with lower cost functions are modes that have the least cost function value that are calculated by HM via
a fast algorithm and modes that are determined to be the most probable via pervious researches are DC
and horizontal and vertical modes. Two algorithms are proposed to enhance coding speed. The first one
is fast algorithm which considers a few CTU coding depth, given that some conditions are fulfilled.
These conditions are equalities or non-equalities in which the variables are costs of the aforementioned
modes. The second algorithm considers all CTU depths in coding process, but it incorporates only one
intra mode in RDO process, given that some conditions are fulfilled. The Sobel operator acts as a
verifier, in other words if the Sobel operator agrees with all or some of the intra angles that are
mentioned above, the RDO process is considered to be over and the verified angle will be chosen for CU
to be coded with. Coding time compared to HEVC reference software (HM) using the proposed fast
method is reduced by an average of 56% and by using the proposed precise method is reduced by an
average of 29%. In the proposed precise method, final video quality degradation is negligible.

Keywords: Video Coding, High Efficiency Video Coding (HEVC), Rate- distortion Optimization (RDO),
Intra Prediction, Sobel.
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b) Intra angles in HEVC
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Results of 9 videos

BD-PSNR BD-BR

Class Video Sequence AT (%) (dB) (%)

Traffic

A (2560%1600) -79.45 -0.7356 28.21
Kimono

B (1920x1080) -68.29 -0.9472 21.28
BasketballDrive

B (1920x1080) 7489 | -0.6412 | 24.86

C BQMall (832x480) -65.2 -1.1955 26.29

D BasketballPass 48 0.9572 1753

(416%240)

D BQSquare (416x240) -50.85 -1.3401 18.96

BlowingBubbles

D (416x240) -49.35 -0.7850 12.9
RaceHorses

D (416x240) -4857 | -3.8249 | 20.11
FourPeople

E (1280x720) 7012 | -1.0751 | 27.44
Average 06163 | -1.27 | 2228

Shoslinul b adl als by oliee (niden

ol ol cwl eols #) Traffic seaug ;o (38 Lo,
5 b glnl Jleel 5l eadfol> 350 i Calid
Gl 1y Jles] ity Sl g cadys Sl glasge
S gl mage s Traffic oW oo b siay;g
G99 330 gy PSNR cdl bwgie ol
&l s BD-PSNR ,,5lis HM & o FCUSMD
BD-BR olie wium 55 Lialydl lawgie oy 50
odalie (¥) Jgaz 0 a5 jshilen &losds acwl>e
Ul S HM @y Gl @30 g, )0 05d 0
5 &3l (oo tINY Lagio job a4 adgs @ JUSow
el ol axsls (a8 YISV Lwgie jebdy Cun F 5
ool samonlis ddg 4 JLSaw 0 o5 e

OV by ¥ o,k VFeY JLs

b ialajl 3590 (s9ns &5 sl (s3bwaned gl (Y- Jgua)

BB (golpslin (o9 3 ooliswl
Table.3. Proposed accurate algorithm simulation
Results of 9 videos

vid BD- | BD-
ideo PSNR BR
Class AT (%
Sequence (%) (dB) (%)
Traffic
A (2560x1600) -42.17 -0.079 2.88
Kimono
B (1920x1080) -37.56 -0.085 212
BasketballDrive 2.78
B (1920x1080) -38.27 -0.078
c BQMall (832x480) -32.47 -0.155 2.93
BasketballPass 2.24
D (416X 240) -23.9 -0.130
D BQSquare -25.68 -0.193 2.26
(416x240)
BlowingBubbles
D (416x240) -27.73 -0.132 2.05
RaceHorses
D (416X 240) -23.78 -0.098 1.69
FourPeople
E (1280x720) -37.12 -0.087 2.84

b oibosl 0y90 19 45 sy 3w s (F-Jgu)
FCUSM (g9, 3l oolisw!
Table.4. FCUSM simulation Results of 9 videos

BD BD-
. BR
Class Video Sequence AT (%) | PSNR (%)
(dB)
Traffic . K
A (25RO 100\ 43.24 0.097 3.15
Kimono R K
(1990x1080) 37.28 0.091 2.718
BasketballDrive
B (192051080 -40.23 -0.076 2.678
C BQMall (832x480) -40.56 -0.1932 3.65

BasketballPass -38.15 -0.1904 3.28

(416x240)
D BQSquare (416x240) -38.65 -0.2713 3.65
BlowingBubbles
D (416x240) -38.5 -0.2174 34
RaceHorses (416x240) -39.05 -0.1661 2.87
E FourPeople
(1280x720) -42.87 -0.12 2.985
Averaae -39.82 -0.1584 3.15

G NS S i (6,00 o Lawgd g e 180 5
5 kel Bas g cwloass > LIICT-VC) g4
Sylaibiwl b 0y90 y0 s oyl Sb3) ol ALk
ol 3l dol pp SO o
S lailinl (g9 A 5l oadioly sy (2Ll sl
Slp cawloads solawl Sglae slag pi SIS L
O bty orl sslin Gty Ses (o)
Gl @S calosss awlis [vo] FCUSMD

V) OezeR 9 mw 9 G5 eoleidn b,
0\))5] () 9 \c ‘\“ Jﬁ“'\’ ).) w).'zb FCUSMD
Lg)'L..: G Lgl.b).’i.al)li L goloria i 09 Cewlodds

] w)f )1)5 @L{j)\ 3,60 YVg YV YV .YY



http://dx.doi.org/10.61186/jsdp.20.3.183
https://jsdp.rcisp.ac.ir/article-1-1017-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-10-31 ]

[ DOI: 10.61186/jsdp.20.3.183 ]

e WYY gt jsb &y g8 JUSw it S
Gl YYZ bagia ol & oo g5 9 <3I(dB) s
FCUSMD g, ;0 0 Jgaz 4 azg5 b .ol ails
b 4 pe 4 Jiw i ces HM & e
b & e 255 23l (AB) s +NOA s
Joax 99 anglie ool atils il YO/ lawgie
ooy Slems S5 5 8 L85 ams Gl O 5 ¥
B @l Gy wsilwen a8 sl eadd e
lzeasS o Joe o jloms FCUSMD g, 45 o
(sl by 65,84 L (F) Jsoz 4 axgi b oS
3 G 4 fawgie jsb s HM &y s (6,0505 e s
30 60508 oy aSle o sl axsl olial ol g
sals YA LoHM L awlie s FCUSMD o,
W o @y Ol Ghy) Al 5o el aidly
S 5 ,Shas (68508 ey Llnd 5 FCUSMD s,
ossline wgd Ll BD-PSNR jLao ST Ll ls (5 20
b9y PSNR - als Lwgie lie a5 99300
39 Ol cpl g o owos VITY HM @ e solprins
S s b by sl Jy ows +/Y0A FCUSMD s,
dnlie )3 @y oleing By, Gl 93 cnl (o001
Sl g paas o,Slee FCUSMD g, L

& i by 3l |y 5 S oledbl (7) Jss
5 FCUSMD (js; 5 gz ye J8les b anslie o
55 6y YV 5 YY Y Y glegas bl
s*BasketballDrive  (1920x1080)” SRy
sl S jo e olis “BQMall (832x480)”
sz 5 RD pmie coija 5 o F 5 s
Sphg Slr @z JlBles 4 Cod b el ol
ssaliv )l oo wims oo lis |, BasketballDrive
SRl 5l (Sl @ soleiiy by 0es a5 S
bz sloces g5 ;0 FCUSMD (25, 5 a2 e
0 gla S somline b S50 Bb 5l bl sl 5omly
90 4 Samd )5S oy ok Jlews 8l 50
ol alamde BB K g,

Basketbal Drive- 15201080
-m
FGUSAMO Aigorem
Proposed Atgor

=l L " n J
[ 2 y ] o 7 8
Berlase (o) 4

BasketballDrive ggas I #RD sz (I
a) RD curve of BasketballDrive video

o VN0 ases HM o a8 il slasge i
Gy s d0) Jer 4 axg bocwbad ol
28 & JiKew aden Cod HM 4y 2o FCUSMD
bt S g5 g S8l (g VO hangte j5boas
5V Jolas awslie ) .ol axals il 3V 07 g
onid o oloj jlene [l 5l aS 285 Azl i o0 O
P9y 4 S 385 oleiiny by wsilwen yi8 sl
seolie LliensS oo Joe s Sl FCUSMD
Uis, 5 45 aase olii BD-Rate 5 BD-PSNR
L oanolio ;o HM @ o oS 28l (3285 (goloinn
CodeS N0 O)ke @ b il ;1S FCUSMD s,
G35 bty gy b ond plaSuS 5 03,03 s
Ghgy b eadlaSaS g 00,88 Sy 4 S
G S 5 Gial33) lsee S5 .ol 3YL FCUSMD
odalin @S 5 azg 350 5 azse e @
W Cad S £ 4330 oleiday ) )0 &S Sed e
ol &S s el aals il YYYL ks HM
5 el YIYOZ FCUSMD g, 5o (ial3dl olpme
FCUSMD  jis) 4 Cumad 385 (s, 33 Bl 0l
2,08 65y
olerin by, 5l ) 65 Sy Sledbl (0) Jss

5 FCUSMD (5, 5 a2 o Jl8le 5 b aslio )3 580
5 slp YV 5 YV IV Y lagunr slayelil
s ‘“BasketballDrive  (1920%¥1080)” (g5
sl S, aes o olas “BQMall (832%480)”
oledn gy 45 05 evalie Yl oo g0 9 O
Rl b alie (63, Shos alide slacun 25 50 a8
o 5o 9 als FCUSMD g, 5l e (Sl g &> 5o
—p o 30y o0 slaJSh s &S jebles (>
HBle s Cawd (B9, ol 50 58 (5,1505 by sl
Syl glabasde LB ralS x> e

oolaiwl b edgd oo 00ud (F) Jouz 0 a5 joblen
ssb @ ilwes 8 sl ks 950 Oloy e )
G0l el el aiil alS VEY sgam lagie
var d9d> ) Jguz 4 a>g5 b FCUSMD g, o
b9y 3l esliinl b axdl pals oy Gl (n i o]
Olymo cpl &5 cosl osls &, Traffic  se0u9 ;0 (@
el bawgio lme S0 lp el YWIALZ soluss
HM & Cos FCUSMD b5, 5 aupes b8, ,5PSNR
Uil Lo e 5,5 6y s PSNR - BD yolie
5o &S jehiles .asloas awlxe BD-BR y0las coop 745

HM &) G gy gy 5o 9 oo oanlie T Jgar 9,:‘)”

OY ola ¥ o)kl VFeY JLe


http://dx.doi.org/10.61186/jsdp.20.3.183
https://jsdp.rcisp.ac.ir/article-1-1017-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-10-31 ]

[ DOI: 10.61186/jsdp.20.3.183 ]

=
6’.542‘7; —f 0 BaskelballDrive- 18201080
. . e |

[ POUSARD Agortm
s Preprses Aysetne

ot el Gly me Shgy Reen ol o
oolS jshieas HEVC  ojlabinl jo 0 5By, |
ol slgaiy o aslinl pl Slawle b Sazn g or

|l
28 ohgy beJgl A 5o g e 90 el (b, !l .
3,90 (S, IA50S axlg digs Bos D 03ld mudgl ¥ s st
Jeol 5l eolainl b cpgs id 10 g o go et (o2 7:
o g Shee 51 oolizal L g pglome (glacS sl lis |

OF [Quanizaton Pararmeter)

e NS wly e 6l die SBOgse S e 38l 5 4t o a8l IS slo; (slosione (o

o9y ol wedlerinn s, byl lp el gecins BasketballDrive gg:as9 sl
3 OMTC«NO@ i b gilwooly &> e BCISHITY) b) Coding time comparison with HM16.15 for
BasketballDrive video

Sglaie o pdh SIS L plegng 59, ilwand

HEVC »3 (5 13535 Jalg 651351 9 (B9 (Simyimy ol cyuss &0 Ohy)

BOMall- 832°480
. . “ . . oa & Lo - T T T T T T T T T |
&z SRl s 4 S okl by, &5 Sl i ? - ——
£33 Progposes Agorthn |
BUESIS S UE I PRUS CRI] V] PR LU | RiIUw) Rt ¥ FRUWIR vowe
AT RO PRSP FC S SN [P JRCHA wf
b gy ol damalio b Craizmans 13,105 of o 4y (slali>dlo g |
A S 45 09l oo oo lie G eolprins slo g, 53,.
20 gVl Sy 5 b, ] *[
. . . lfkatbﬂllﬂﬂ:m- 1I!Il'1?m . . ML : 4
a2k 75{;}?2%2:: ] 330‘1 0‘5 CI! Il '-; ‘.-4 1‘& II! :: 7‘2 24
P BitRate (Kbis) 104
_— 1 BQMall 59455 ! RD sz (2
wf - ~ 1 c) RD curve of BasketballDrive video
g 4
%39 1 100 - . N . BOMall- 8327480 ; . 5
s} (/ ] E===3)
I / L
/
/
"
£ @
350 1 2 4 [] 7 [] ? 50 b
BitRate (Kbitis) x10% ¢
. 5 o - . 4
BasketballDrive g9 a9 ¢! #RD szxio (I !
a)RD curve of BasketballDrive video i
100 . . - k 1920'1?60 . . N |
ot SR . . &2 30 )1 P¥lp 5 4 G 4Bl ol o sl Sxio (s
o |
ol BQMall 59155 50
i d) Coding time comparison with HM16.15 for BQMall
i video
Y S ————
m: 29 &80 ol 09y b silwaned gl (8- J50)
ol s“BasketballDrive” (1920x1080) 59999 9o
u22 2“ 2‘6 28 30 R :;rl 3‘5 38 ‘53“‘5&? ‘5“);'0‘)[5’.« m “BQMall” (832x416)
QP (Quantization Parameter)
L oo (YY g ¥Y YV YY) Gl
&0 ) Blp 5 4 S il S oo slas (@ Fig.5. Simulation Results of proposed accurate algorithm
BasketballDrive ggos sl for “BasketballDrive” (1920x1080) and “BQMall”

b) Coding time comparison with HM16.15 for (832x416) videos with Qp = 22, 27, 32, 37

u/ 2 BasketballDrive video
.@j’"

OV by ¥ o,k VFeY JLs


http://dx.doi.org/10.61186/jsdp.20.3.183
https://jsdp.rcisp.ac.ir/article-1-1017-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-10-31 ]

[ DOI: 10.61186/jsdp.20.3.183 ]

[5] M. Jamali, S. Coulombe, and F. Caron, "Fast HEVC
intra mode decision based on edge detection and
SATD costs classification,” in Data Compression
Conference (DCC), 2015, 2015, pp. 43-52: IEEE.

[6] G. J. Sullivan, J. Ohm, W.-J. Han, and T. Wiegand,
"Overview of the high efficiency video coding
(HEVC) standard,” IEEE Transactions on circuits
and systems for video technology, vol. 22, no. 12, pp.

1649-1668, 2012.

[7] H. Brahmasury Jain and K. Rao, "Fast intra mode
decision in high efficiency video coding," Polibits,

no. 50, pp. 5-12, 2014.

[8] Q. Hu, Z. Shi, X. Zhang, and Z. Gao, "Fast HEVC
intra mode decision based on logistic regression
classification," in Broadband Multimedia Systems
and Broadcasting (BMSB), 2016 IEEE International
Symposium on, 2016, pp. 1-4: IEEE.

[9] W. Liao, D. Yang, and Z. Chen, "A fast mode
decision algorithm for HEVC intra prediction,” in
Visual Communications and Image Processing
(VCIP), 2016, 2016, pp. 1-4: IEEE.

[10] D. B. Patel, D. M. Chauhan, and K. C. Pathak,
"Edges based intra-prediction in High Efficiency
Video Coding (HEVC) standard," in Engineering and
Technology (ICETECH), 2016 IEEE International

Conference on, 2016, pp. 995-1000: IEEE.

[11] Y. Piao, J. Min, and J. Chen, "Encoder
improvement of unified intra prediction, joint
collaborative team on video coding (JCT-VC) of
ITU-TSG16 WP3 and ISO," IEC JTC1/SC29/WGL11,

documentJCTVC-C2072010.

[12] R.Tian, Y. Zhang, R. Fan, and G. Wang, "Adaptive
Fast Mode Decision for HEVC Intra Coding," in
Digital Image Computing: Techniques and
Applications (DICTA), 2016 International
Conference on, 2016, pp. 1-6: IEEE.

[13] W. Xiang, C. Cai, Z. Wang, H. Zeng, and J. Chen,
"Fast intra mode decision for HEVC," in Signal-
Image Technology and Internet-Based Systems
(SITIS), 2014 Tenth International Conference on,

2014, pp. 283-288: IEEE.

[14] M. Zhang, C. Zhao, and J. Xu, "An adaptive fast
intra mode decision in HEVC," in Image Processing
(ICIP), 2012 19th IEEE International Conference on,
2012, pp. 221-224: IEEE.

[15] L. Zhao, L. Zhang, S. Ma, and D. Zhao, "Fast mode
decision algorithm for intraprediction in HEVC," in
Visual Communications and Image Processing

(VCIP), 2011 IEEE, 2011, pp. 1-4: IEEE.

[16] O. C. Cristina, U. R. Mihnea, and P. lonut, "HEVC
intra partitioning and mode decision using histograms
of  oriented  gradients," in Electronicsand
Telecommunications (ISETC), 2016 12th IEEE
International Symposium on, 2016, pp. 277-280:

IEEE.

[17] J. M. Ha, J. H. Bae, and M. H. Sunwoo, "Texture-
based fast CU size decision algorithm for HEVC intra
coding," in Circuits and Systems (APCCAS), 2016
IEEE Asia Pacific Conference on, 2016, pp. 702-705:

IEEE.
[18] A. Heindel and A. Kaup, "Fast intra mode decision

in HEVC using early distortion estimation,” in Signal
and Information Processing (ChinaSIP), 2015 IEEE

BQMall- 832°480
43 T

HM
N FCUSMD Algorithm
2 Proposed Algorithm | |

#

L L
2 25 a

" "
0s 1 15
BRate (Kbit's %10*

BQMall 5945 ! »RD sxie (2
¢) RD curve of BasketballDrive video

BQMall- 832*480
100 T T T T T T T
&— Proposed Al
. roposed Algorithm | |
B0
70+ 4
g el 1
@
g
s 1
@
£
P F T - — — % —_——— e e — — — *
30
20 1
10+ 4
0 L . L . L " L
22 24 26 28 30 a2 34 % 38

QP (Quantization Parameter)

30 &30 ) Plp 4 S 4L il o) b Sxio (o
BQMall 92099

d) Coding time comparison with HM16.15 for BQMall
video

99 &ln & Ol (P9 b g 3lwaned gulis (F-JS2)
¢ “BasketballDrive” (1920x1080) 599999
Silw gz b wiolyb cxs “BQMall” (832x416)

(22, 27, 32, 37) Gilize

Fig.6. Simulation Results of proposed fast algorithm for
“BasketballDrive” (1920x1080) and “BQMall” (832x416)
videos with Qp = 22, 27, 32, 37

5-Refrence &=l -0

[1] M. Wien, High efficiency video coding: Coding tools
and specification. Springer, 2014.

[2] M. Budagavi, High Efficiency Video Coding (hevc):
Algorithms and Architectures. Springer, 2016.

[31G. J. Sullivan, J. R. Ohm, "HEVC software
guidelines,” Joint Collaborative Team on Video
Coding (JVT-VC) of ITU-T SG16 WP3 and ISO/IEC
JTC1/SC29/WG11, document JCTVC-H1001, 8t
Meeting: San Jose, CA, USA, Febh. 2012.

[4] R. C. Gonzalez and R. E. Woods, "Digital image
processing," ed: Upper Saddle River, NJ: Prentice

Hall, 2012.

OY ola ¥ o)kl VFeY JLe

&


http://dx.doi.org/10.61186/jsdp.20.3.183
https://jsdp.rcisp.ac.ir/article-1-1017-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-10-31 ]

[ DOI: 10.61186/jsdp.20.3.183 ]

HEVC 3 5135 35 al 651351 9 (pBu9)d (Snpius Il cpuass 2y (yh9)

HEVC intra coding,” in Industrial Electronics and
Applications (ISIEA), 2013 IEEE Symposium on,

2013, pp. 52-56: IEEE.
[32] X. Shang, G. Wang, T. Fan, and Y. Li, "Fast CU
size decision and PU mode decision algorithm in

HEVC intra coding," in Image Processing (ICIP),
2015 IEEE International Conference on, 2015, pp.

1593-1597: IEEE.

[33] C.-F. Tseng and Y.-T. Lai, "Fast coding unit
decision and mode selection for intra-frame coding in
high-efficiency video coding," IET image processing,
vol. 10, no. 3, pp. 215-221, 2016.

[34] Q. Zhang, J. Sun, Y. Duan, and Z. Guo, "A two-
stage fast CU size decision method for HEVC

intracoding," in Multimedia Signal Processing
(MMSP), 2015 IEEE 17th International Workshop

on, 2015, pp. 1-6: IEEE.

[35] X. Zhou, G. Shi, and W. Zhou, "Perceptual CU
Size Decision and Fast Prediction Mode Decision
Algorithm for HEVC Intra Coding," in Multimedia
(ISM), 2016 IEEE International Symposium on, 2016,

pp. 375-378: IEEE.
[36] G. Bjontegarrd, "Calculation of average PSNR
differences between RD-curves," VCEG-M33, 2001.

[37] Jamali, M. and Coulombe, S., 2018. Fast HEVC
infra mode decision based on RDO cost
prediction. IEEE Transactions on
Broadcasting, 65(1), pp.109-122.

[38] Gu, J., Tang, M., Wen, J. and Han, Y., 2017.
Adaptive intra candidate selection with early depth
decision for fast intra prediction in HEVC. IEEE
Signal Processing Letters, 25(2), pp.159-163.

WAL o o byl dileww
wldy 1y 05 wld)l5 ahaie
oBadls jo Olpbee 3 (owiige
ol oaily Ll & st g 3
2 sl (Wl )5 S e s

‘5...)5.))3 olKisls )l W - u‘)JL?LA LB)" ‘5.»‘.\.».@‘,0 A.Uw)

) ul.m.:‘ a8dle S0 6&&5;’ | o.); ke .\W

el P5ug (55l 00,8 diie)

5l el yle lasl asblly glas
sa.parsaie@um.ac.ir

WAY Jl o Sl e
~ - Wy yo 1) 09 Wbl )5 alade
. ‘ oKl 5o u‘).sl:;m 8r (W
oxibo; 0Ll 4 Sede (owgo
Iy ol gwliss )5 S w59 ol

L

sl iegy cusl 00,5 31 oles oRiils jlasi; jo

el 59 (g3l 00,8 e 4o liul ABle 50

5wl @ ile lasl aebll, glas
khanjani.hossein@mail.um.ac.ir

OV by ¥ o,k VFeY JLs

China Summit and International Conference on,
2015, pp. 559-563: IEEE.

[19] J. Hou, D. Li, Z. Li, and X. Jiang, "Fast CU size
decision based on texture complexity for HEVC intra
coding,” in  Mechatronic  Sciences, Electric
Engineering and Computer (MEC), Proceedings
2013 International Conferenceon, 2013, pp. 1096-
1099: IEEE.

[20] J. Kim, J. Yang, H. Lee, and B. Jeon, "Fast intra
mode decision of HEVC based on hierarchical
structure,” in Information, Communications and
Signal Processing (ICICS) 2011 8th International

Conference on, 2011, pp. 1-4 :IEEE.

[21] T. Mallikarachchi, A. Fernando, and H. K.
Arachchi, "Efficient coding unit size selection based
on texture analysis for hevc intra prediction,” in
Multimedia and Expo (ICME), 2014 IEEE

International Conference on, 2014, pp. 1-6: IEEE.

[22] B .Min and R. C. Cheung, "A fast CU size decision

algorithm for the HEVC intra encoder,” IEEE
Transactions on Circuits and Systems for Video

Technology, vol. 25, no. 5, pp. 892-896, 2015.

[23] M. Radosavljevi¢, G. Georgakarakos, S. Lafond,
and D. Vukobratovi¢, "Fast coding unit selection
based on local texture characteristics for HEVC intra
frame,” in Signal and Information Processing
(GlobalSIP), 2015 IEEE Global Conference on,

2015, pp. 1377-1381: IEEE.

[24] M. Ramezanpour and F. Zargari, "Early termination
algorithm for CU size decision in HEVC intra
coding," in Machine Vision and Image Processing
(MVIP), 2015 9th Iranian Conference on, 2015, pp.

45-48: IEEE.

[25] K. Saurty, P. C. Catherine, and K. Soyjaudah,
"Terminating CU splitting in HEVC intra prediction
using the Hadamard Absolute Difference (HAD)
cost," in  SAl Intelligent Systems Conference

(IntelliSys), 2015, 2015, pp. 836-841: IEEE.

[26] L. Shen, Z. Zhang, and Z. Liu, "Effective CU size
decision for HEVC intracoding,” IEEE Transactions
on Image Processing, vol. 23, no. 10, pp. 4232-4241,

2014.

[27] S. Yan, L. Hong, W. He, and Q. Wang, "Group-
based fast mode decision algorithm for intra
prediction in HEVC," in Signal Image Technology
and Internet Based Systems (SITIS), 2012 Eighth
International Conference on, 2012, pp. 225-229:

IEEE.

[28] H. Sun, D. Zhou, and S. Goto, "A low-complexity
HEVC intra prediction algorithm based on level and
mode filtering,” in Multimedia and Expo (ICME),
2012 IEEE International Conference on, 2012, pp.

1085-1090: IEEE.

[29] J. Guo, G. Chen, J. Zheng, and D. Guo, "Gradient
based fast CU splitting and mode decision algorithm
for HEVC intra prediction," in Anti-counterfeiting,
Security, and Identification  (ASID), 2014

International Conference on, 2014, pp. 1-5: IEEE.

[30] L. Shen, Z. Zhang, P. An, "Fast CU Size
Decision and Mode Decision Algorithm for HEVC
Intra Coding"”. IEEE Transactions on Consumer
Electronics, Vol 59, No. 1, pp. 207-213, Feb. 2013.

[31] T. Nishikori, T. Nakamura, T. Yoshitome, and K.
Mishiba, "A fast CU decision using image variance in


file:///D:/sa.parsaie@um.ac.ir
mailto:khanjani.hossein@mail.um.ac.ir
http://dx.doi.org/10.61186/jsdp.20.3.183
https://jsdp.rcisp.ac.ir/article-1-1017-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-10-31 ]

[ DOI: 10.61186/jsdp.20.3.183 ]

A8 o adlad a8 s JRiils jo jbolisl lgie
5 Obr bl aBle 95 ctagh laais;
sleaSd (Jloms slagng 9 pslal (glwesad
5 o8 olidil omtle (el 5 bt o Slabe
oaljeole 5o el Ll e olon ows (g5l Jow
S5l g leie YY (S 4y 33ge (eSL Ve o Lo
Glodloye 5 b Glollasls 51 alie ole
e Olss e 4 Glg oo ! aloz 3l cawlons
Oogdeys IEEE-ICME2012 alop (el S o allie
Canon 4 Microsoft Research <s,5 a1 Lyl
¢ Information Systems Research Australia (CiSRA)
it el il 455 Al 0 e plgre 8Ly
G5 VY oy o8 o)lil e oBasls o 5y
IEEE Signal Processing Society  ol>! ,uo olse
S s il wiles S llad LIS 15535 0355
Dolby Laboratories  yges Joll o slocs 0 50
.,ls 1, Icron Technologies 4
el @ )le lagl &bl slas
h.hadizadeh@aqjiet.ac.ir

Doz Tyd (0 (8
5 ) ablie o 1, 09>
Br e W51 (oulid)lS
VPP S TSE slalo o ey
. Sbk & ool o dSads s
Olsieas VWY JIAYES Jlo 51 00 ,uel .ol onils,
& e gg b olSals p3 (0y0) ele la e
Gt it S50 0590 @y T 5l g 09 Jgiie SIS
WWYE Lo o 5 o)l (Wiah) KigSigly oKl 4o

oAl 5l B g )3 1350 a4z 0 SBL s 4 (3w
50 o)bed YV Lo 5l ool S ol saloly
4 Jordo Sl gwyd,8 ol swdige caSidle
ol oaSails onl skl 5 Sal g ws ol
Slegdge Jolls 00l aBle 050 doghy sladi;
ool Py gilwes i (aag Olpbe wile
Gloolen 5 Shp GladiSs (hjlen g
el $Saug 4o Sledsl
) el Sl oLaal &b, SLas
khademi@um.ac.ir

J)..\.a pu&ﬁ»ﬁ‘ﬁ‘ U»L».C
SigaS Gl Gy el
5 Gyl gais olRadls il 0>
Sy WYYE Jls 0 5 VWYY L

e olRisls 1wl )l bl I
Glypse Shae lasl cwl 00,5 il eal axles
3 g wiles,S” by ,o 1oLl McMaster olKisls 5l 1) sg=
Ageis (owgo,d oRzils jo jLoliwl flgeas VYA Lo
Ble e ohagy slatiee A e ol ol
@l g 9 noad (Bjlon LS hilen lal
ol Gl a5l 5 e
5l el ke Glasl &bLI, glas
a.ebrahimi@um.ac.ir

5 ol S S 0w ooy oy (g0l

3 oS e G ) els)ls
Sty 3l iy 1y 255 Sig S

" ‘ s WWAY Loy og,els Jeio

o 0 olpl Cais g ple oKasls

1y 03 6l 255s S hae g9 .l 00,5 b0 YWAY
Simon Fraser oKl 5l Slpbe ol 5 ad,
O Jlo glea 5l g 00,5 cil e \WWAY L o alls,

OY ola ¥ o)kl VFeY JLe

&


mailto:khademi@um.ac.ir
mailto:a.ebrahimi@um.ac.ir
mailto:h.hadizadeh@qiet.ac.ir
http://dx.doi.org/10.61186/jsdp.20.3.183
https://jsdp.rcisp.ac.ir/article-1-1017-fa.html
http://www.tcpdf.org

