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2) sbType Z%: Z} 4x4 CG7} 47}X| sub-block type (sbType)& &}
L2 33
sbType = isLuma*2+ isTSFlag
3) 2 sbType'd 2 statCoeff Ui Q0| YH|O|E (St CGLY AR 00|
Optl BighA <=0 M PH HOI0| £ +3)
if (uiLevel »=3*%1<<(statCoefflsbType] /4)))
statCoeffsbType] ++;
else if ((2* uiLevel)<(1< <( statCoeff[sbTypel/4))
&& statCoeff[sbType]=0)
statCoeff[sbType] --;
4) ZF CG2| Rice QIX} 7|4l statCoeff 7|Hto 7 HA
cRiceParam = statCoeff[sbTypel/d;
5) CGLHOJA Rice QIAHE ChE Tt 200] YHj0|E
if { cLastAbslevel > (3 * [ 1< <clastRiceParam) ) )
cRiceParam++;

(a2 2) M Rice QA adaptation 24l

of ol GAHCR Hoo}
ok, WA sig coeff flags o8, afd ®H3F A7)
0 &2 0°] ofd #E Z=A vegd %=,
coeff abs level graterl flag®l coeff abs level
_greater2_flags ©|-&sto] Oopd ®Wgk Al4=o] Aok
o Z}7} 13} 2Kt FAE FARI, sfe Wk Al
o] Hujzto] 25 ZIst= AL, coeff abs level
_remaining W% Q45 FUIE
Foslsto] L] Adighs vet
A ¥k, HEVCOA = o] &+
249] o]x3}k(binarization)&
59 Golomb—Rice codeE At
431}, Golomb—Rice coder= A
S FCIET P N
Ay o] Yolxj= oY Alwel 7PH o] FEost
(variable—length coding)ol Z/%Ql EAS Zl+=

Universal code®] U&=, PHEH”A 37]7} 09 7}

84 (syntax element) &

LHO{| A

of /\}‘9“0}7101] X*"LO}U%, AE
(Rice parameter)s ZATOZHN U Also] 35
w32 Hslo| e -3 4= = Aol qlth. HEVC H
A 194+ Rice CIAE 4x4 ©@99 ¢
group (CQ) E& 008 27|33t & H3slsl= W
gk A Adighe] 7)ol 7|Htete] o 470A] T
Z7VFEE Rice ¢ adaptationo] AA=e] Qlof
13 Range Extension©lAli= 12H]E o449 w2
HE Ae9 ByeE F33siAY, Ados

47

» » » HEVC Range Extension &

Range ExtensionOlAl= Slice

B3} 74 =

2xE =XNGlL7 e YA 2 Rice

QlIXladaptation=2 7HMsH= MER
2hA]0] xHEHE|RUCE,

e @09 @ |

i

Transform skip®| A€%+= WE7l 253
4:4:4 el EZMO| Screen content FAS F&
= 7ol Wk A(Transform skipe] AT
A AT WE) ] Adigho] me- AXA Eo H
9] Rice ©IA} adaptation W52 o] HojRi= &
Aol Qitt, ol ZAIHES sidsty] <flsll, HEVC
Range Extensionol| A= Slice WollA] H3l A= At
el A4 HxE AU s WA S ® Rice QA
adaptationg ASH= AZe- Wrao] et
(C1¥ 2>+ Al5F Rice Q1A adaptation W419] &2)
TAE Bl Sl WA 4x4 CGE d EF0
A AR oJfe} (isLuma), Transform skip©]
AEH 5524 (isTSFlag) oo wet & 4714
sub—block type (sbType) & 3sfuz EF¥cE Z+
sbType = slice A2t AlFoll 008 Z7]3}%= o
o) SAIA 47181 statCoeff viHo] EAsHH, o
< OGY AHA 00] opd Wk Al4=9] Zhefl whaf (7L
H 29 3etA] vehd Hie}
o] Ydlo]EstH, o] Frell 7]
ato] CGW e Rice A
(cRiceParam)®] 4= 0°] ofd
dor zr|gstA Eok, CGW
oA Rice IAE YHlo|Est=
“0}4‘43 HEVC ‘jV* 13 7124
4 Q= Algto]

ofr [‘IO

-

o

EIRNY)
-m — —10

fOPN .

o o

Arlf gtel SAA

0]

E
/\}‘1}@ e r/‘rEE‘r *HET Rice J | adaptation "
A2 120]E vjRke] vE g 2= AR 94l

e o A I at A9 ¢ Lh L281=

2.4 Cross—component 0| 7|&

G Fmeb MR AJE 7He] FAMIS o] &3t
Cross—component®|Z 7]|&2 HEVC WA loﬂ/\ﬂE
SlistA] AQbE| AL Ajeo] fEgt AR Fhle
L, $lEef Mt Agdite] Bt e oES 7HA

sxt2sts|x| 2014 10_ 897



ok

‘ @©@¢ b po|M LAY EH

Al B 5o FEAQ EAZE A& o R A7)Ee] 4
=+ el %] 2l HEVC Range Extension 3]
=oF MAE AR Aol B 41414 AR 2
o] ol oJilo]l BEsly 2 Ydlof R Cross—
component o5 7]52] Ha/Jo] thAl A7|E Sl

=9] Fof A} AlE g of|A] Cross—component ©|

29 St 7o) AEANY 2 sl Hg
530S o), 855 Decodeneol A (x.y) 91712] 4
AR AR A ey ASE AR o] i)

Ao 2REGE Arxy)b = AR AR AL rxy)
& olgslo] Rt o] Skt 4~ Qi

1 (x,9) = Ara(x, ) + (@ x 7, (x,))>>3 (D

Al (1)o4 Cross—component 9SS 3¥5k= d|of|
/\}%?3‘}_ scaling factor = {-8, -4, -2, -1, 0,
1, 2,4, 8 % st 2= 7H4 4= glon R}
7|(Encoder)7} t8ll TU @92 AFdlsns Ho5t
7] dollAl= O] ALE flo] Him ARG 4= Sl
Cross—component 9|5 7% 4:4:4 2 xZll
FAlA A= Aee A FIAE o %leH, <
ol #AE vRe} Zo] 4:4:4 Ze WS 919
Profileo AWt ARG = Qe A oJ=lo] Q)

G

lo

>;=
v

-

il

2.5 Extended precision 2| 7|&
Extended precision #|2] 7|4 - =& H
o) Y HH s Fookeh uf Whyshs ookt
sfasty| flgk Heles Eske], GE 1)
Hiel Zro] 2|31 16 H|EQ] oY HIE A&
Sh= Profileo ARt Attt WA #1gE A4t
%= 3& 2ol weole AL HEVC M 1o A=
HIE Aol FasHA (- 2" =119 W9l 2=
1A%l QgloLy, HEVC Range Extension®f| A+
extended precision processing flagZ7} 1= /3=
A5, 99 F= 52 A3 HIE A=BD)9t ¢1E5ke]
[— QMax(15, BD+6), QMax(15, BD+6)_ 1]9] Ho1= 744 2= 917
sttt e 99 WE sl 120]ES 5—31}
= 7%, Transform skip®| AEHE EFofA] 2k} Al

il
jukad

rﬂ mlm
LD =< B
Jhu @ oot o > 2

14

>.
o

Ol
- =L

— T,

898 _ The Magazine of the IEIE

5 AZS Bols)

fins

5]
s

= W4 F least—significant bits
A7 A E]e] o] 1pgo] ¢ A
O~

Al
=
155 4 Qe A, HEVC

E A% ¢
+ coeff abs level remaining % 245
o|x1a}gt o7t o 32HEE {4 Y=s #ig A
4 Hosl wHol ARl Qi ey HEVC
Range Extensionol4l= 19 HIE 4%=7F 12HES
Zfsl= 74, o] dolrk A 460] Hi= A7 9l
ek, o= a7 flal s = 249 o] %I} WY
= 85kl 16HES g HE AEoAE
coeff abs level remainings o]#sket o Zo|7}
32HEE PA| Pr rjajelo] WA E A

2.6 7|t 71&

HEVCS Intra Oﬂ]é%
Z MEZg 283
4o o) 2 ol RS A8al= TV}

o] 9l o] % o
= IOF Ao A o4 ol Fag dY
A} =3

7}

Fde Fook o=, o] 32 AlE dEY W
Aeehs Zlo] £33 888 98]9 v #ole A%
otk weka] HEVC Range Extension®|4li= Intra
of| & A, 2z MEZo] HEE UAS Ao ek

S = Q= WA A o] et
12 F353} &9](Coding Unit, CU)E
P Aol FAlEHQuantization) S $18F QPEEE &
Aok 7> Algstal oy, Mk Aol A=
@2 Slice oMY QPE 2485k WS F
otk e 4:2:2, 4:4:4 5 HAE
Al5sH= HEVC Range Extensiono| A= <&
gk Rate control 5= 918 © Eold M} A+
‘:.4 OF2}3}E Slice 14101]/\1 o AldstA 248 4=
7le& a75HA =Sl webs HEVC Range
Extension CU ©H9|2 Mz} J+9] QP 7= =43
& e V%S kR Algsta g, HEVC
Range Extensionol Alqf F7be 7]&Eo] &
4:4:4 A TWE AYdh= Profiledl| AT A==

PR
ol
2

_WL
0z o Y2

R
20 md pE e kI

—_

=

48



A g2l AMap RS 95k CU o9 QPZE Al
4:9:9 Ag WL AYUsl= Profiled A= ARE-EH

9Iehe Zfolgol it

L
R
A~
e

k

II. HEVC Range Extension? 5 A4¢
B

2 Ho|A+= HEVC Range Extension (Main
4:4:4 12 Profile)d] sS H.264/AVC (High
4:4:4 Predictive Profile)y} H|ugich Hlm A¢lS
95t SoftwareZ+= HM-14.0+RExt—-7.0 (HEVC
Range Extension)?} JM—-18.6
(H.264/AV0)S ARgatglon,
Ay 2L HEVC Range
Extension®| &% A3 21 4
o HE wg?, Huz B
Aof A AAsh= Aif= [20]014] AAISE viel ZHo.
o, e 7)ol dA FERt 189E<2] HEVC
Screen content coding & E53+2] A5 vlul Ayt
T AA =] Qlet,

Gb 2>+ o Fust g4 HEVC Range
Extension®] H.264/AVC tiH] A= QoFslo] Hof
3L QIth, HOA Al= BE ZF9S Intra? FE3}
Sh= All Intra, RA«= 7402 Intra 24 49
sto] (- AlY S0 = 12 7H4) A9 dof A
o] 753 WH= Random Access, LB+ A|7HAo=2
Az ol el e dENE Inter A5 Al FE 7
SA AlRksto] QIEYl AELWY 59 3-8 wofoll A
T Low delay SV Alwsts], Aoz AR Al
A oldof EAsk= ZedEol el Y Intra

&S 6]85h= Low—delay B A% xzlo|ty, MT<t

HEVC Range Extension2
H.264/AVC Chit| 3 &= dsS
AR

» » » HEVCRange Extension E= 712 @ Q @ @ ‘

HT, SHT+= 242t Main—Tier, High—Tier, Super—
High-Tiero|™, 717} A9A] AFE-Sl= QP%Ee] H Lol
2polE ol AR v BlER Y hAS AYste tf
W 38 ForolA s AolE BISt 4= A st

Ch SHTR 2% w2 BEs Yoo sigeh.

S
oz oato Rl 1920%x1080 & 2560%x1600
of PAEE 281, 4:2:2 T 4:4:49] Ay =W §

=t Zd] 12M]EQ] RGB £-&

o>

oA AAIE BRel o] HEVC Range Extension
2 H.264/AVCHH] AI-NT, RA-MT, LB-MT H&
st ol 27 -25%, -
33%, —38%2] = 45 T
< ol Qo (1d 3>
g He AP I+ s
Ql Traffic /ol gt HEVC
Range Extension®} H.264/AVCe] 353} A% Zo]
£ 77 RASE LB H53} ebollA Kojs=al Qlk, 7t
Rate—Distortion (RD) #A1& X HEVC Range
Extension®] H.264/AVC tjH] 34 4= A2 &
A F S ThAl 3 ERIE 4= Qi

¥ PSNR vs Bitrate
&
.
X ——
i —
HEVCREX ____—
= —
g /'/um AVC Hight:44
g = __.__,7/ —1
i
» /
JEE
M I'//
n
o 0000 20000 20000 4000 50000 0000 0000
bitrate (kbpa)

(a8 3) Traffic GA(2560x1600, YCbCr 4:4:4)0
st RA SHE0IM9 &= H& i

(B 2) HEVC Range Extension 2 H.264/AVC CHH| & M&s

A-MT A-HT A-SHT RA-MT RA-HT LB-MT LB-HT
RGB 4:4:4 ~32.6% —251% ~19.6% ~36.0% —251% —36.2% —25.0%
YCOCr 4:4:4 —22.4% ~19,0% ~14.8% —35.1% —29.8% -39.8% —32.9%
YCbCr 4222 ~19.7% ~15.8% —1.7% -30.2% —27.8% —35.9% ~31.0%
o ~252% —17.4% ~132% ~327% —28:8% ~37.8% -32.0%

49 HxZ3telx| 2014, 10899



02

Fok

‘ OO0@@ »rrodyuray

¥ PENR vs Bitrats
&2
==
1 ——
i HEVC RExt e
u —
’__./
" / H.264/AVC Hight:ded
& .
-~
Y —
7 /
* T
A
"
i
"=
2
L] 10000 X000 0000 000 £0000 #0000 o000 80000

bitrate (kbps)

(3 4) Traffic B&(2560x1600, YCbCr 4:4:4)0f
tiet LB stA0IMO &= 45 Hlw

V.2 &
2 o=wolAe T 2 FERE §RE HEVC
Range Extension <=0l thsf] 7hefs] Aol

HEVC Range Extension HEVC WA 10] 2| 915}4]
o S Ay 2y =2 QY BE AxE A
a17] 9lsf #EIpF JeEglon | a3} e o
A Mmool HHAsks EAIES sidstal, o5 de
7R A7) R Vs 3 AR AEA A
Edct, & =A== HEVC Range Extension®] A
2ol Z71E 7|48 ZAow HEVC Range
Extension®] 7]&4 & a2k on 74 7))
Aol Aolwl 717h Profileo|A] o]9A A YEE=A=
QoF Ayslial, npxuto 2 HEVC Range
Extension®] A& o] &9l H.264/AVCE}; H]aL
A8t

olA #FE=% HEVC Range Extensiond} o] 2
A de] Zull 3 vE ARE AJYsh] 9fek 2
FEo] EAE O

= o
x4 B4

O

olF #E2 W 5
Aztof| Tolsh= HAE7F Gl At Agtoz 2
tt. a8y HEVC o] 4] 204 © Ultra

High—Definition (UHD) W 2Hgo)A=

2
G/dol gt 4xRAEY] okl molol ‘%}ﬁ_" 12¥]E
olFe] i HE A JA 5= TV7F A¥skl, o=
Adk AR S 4 A E ZeR =L 9)
ok, og @kl vio] o WEkE] MPEGOA=
High Dynamic Range (HDR) A& 93t =2 &

900 _ The Magazine of the IEIE

=0 Ae wHskaL glom,
Range Extension 7]&% Rt

n AW A
LS el € Aoz Oﬂé‘%_ﬂr[m.

==

S|

[11 ISO/IEC 23008-2:2013,

High efficiency coding and media delivery in

“Information technology -

heterogeneous environments — Part 2: High
efficiency video coding”, November 2013,

[2]1 ISO/IEC document JTC1/SC29/WG11/N13344,
‘Request for ISO/IEC 23008-2:201X/Amd.1",
2013,

[3] D. Flynn, M. Naccari, C. Rosewarne, K. Sharman, J.
Sole, G. J. Sullivan, T. Suzuki,
Coding (HEVC) Range Extensions text specification:
Draft 7", JCTVC-Q1005, April 2014,

[4] ISO/IEC 14496-10:2014,
Coding of audio-visual objects — Part 10: Advanced
Video Coding”, August 2014,

[5] C. Lan, J. Xu, G.—J. Sullivan, F. Wu,
skipping”, JCTVC-10408, May 2012.

[6] X. Peng, J. Xu, L. Guo, J. Sole, M. Karczewicz,
“Non-RCE2: Transform skip on large TUs", JCTVC-
N0288, July 2013.

[71 T. Tsukuba, T. Yamamoto,
context for intra transform skipping”, JCTVC-J0069,
June 2012.

[8] D. He, J. Wang, G. Martin—Cocher,
Residual Block for Transform Skipping”,
J0093, June 2012,

[9] M. Zhou, M. Budagavi,
on Test 3 and Test 4", JCTVC-M0056, April 2013,
[10] M. Naccari, M. Mrak, “RCE2: Experimental results

for Test C.1", JCTVC-N0074, July 2013.

[11] M. Karczewicz, L. Guo, J. Sole, R. Joshi, K.

‘RCE2: Results of

JCTVC-

January

“High Efficiency Video

“Information technology —

“Intra transform

“Constant coefficient

“Rotation of
JCTVC-

‘RCE2: Experimental results

Sharman, N. Saunders, J. Gamei,

Test 1 on Rice Parameter Initialization”,

50



» » » HEVC Range Extension E= 712 (D Q @ @ ‘

P0199, January 2014,

[12] J. Kim, “AHGY7: The performance of extended intra
chroma prediction for non 4:2:0 format’, JCTVC-
L0240, January 2013,

[13] W. Pu, W.-S. Kim, J. Chen, J. Sole, M. Karczewicz,

A=l
rx
ne

“RCET1: Descriptions and Results for Experiments 1,
20019 A|chstal HAgsh ShA

2, 3, and 4", JCTVC-00202, October 2013. < 20024 attufslr| ey ARwsl A}
[14] K. Sharman, N. Saunders, J. Gamei, “AHG 5 and + 20084 g=asl7)s AAlget whak

£ 2008 3Y~8Y FHRHSZL9 w7l

18: Internal Precision for High Bit Depths’, JCTVC- + 20084 9~ a4 AL DMCATL
N0188, July 2013, Ao o] ¢
[15] S. H. Kim, K. Misra, A. Segall, “AHG18: Modified Qo _
Hlte 39 7]4 g 9 EEst

scaling factor for transform—skip blocks to support
higher bit depths greater than or equal to 147,
JCTVC-N0275, July 2013.

[16] K. Sharman, N. Saunders, J. Gamei, ‘AHG18:
Worst—case Escape Code Length Mitigation”,
JCTVC-QO0073, April 2014,

(171 J. Zhu, K. Kazui, “Non-RCE2: Skip of neighbouring

samples filtering in intra prediction for lossless + 19984 Al

et Hukgst shAl
ina” _ +2004d AMhsha At AAp
coding”, JCTVC-N0080, July 2013. + 20094 T2 tjebn Axws) uhat
(18] D. Flynn, N. Nguyen, D. He, A. Tourapis, G. Cote, « 1998U~ Y AHJAAF DMCITLA 224161712
D. Singer, ‘RExt: CU-adaptive chroma QP offsets’,
GHAER
JCTVC-00044, October 2013, Hlt] o HY) 74 e 9 523

[19] C. Rosewarne, K. Sharman, D. Flynn, ‘Common test
conditions and software reference configurations for
HEVC range extensions”, JCTVC-P1006, January
2014,

[20] B. Li, J. Xu, G. J. Sullivan, “Comparison of

Compression Performance of HEVC 4:4:4 Range oM 5
Extensions Test Model 7 and HEVC Screen Content
Coding Extensions Test Model 1 with AVC High 1991 sheefert dabeel obit
. - + 19949 Feiotar ZdAkgsh AAb
4:4:4 Predictive profile’, JCTVC-R0101, July 2014, « 1994\~31A4) AAAR DMC o174
[21]1 ISO/IEC document JTC1/SC29/WG11/W14547, “Draft +199949 1€~20009 14

CLA Visiting R h
Requirements and Use Cases for HDR and Wide 5 U isiting Researcher

« AR AAAR DMCOTA Al
Color Gamut Content Distribution”, July 2014,
(@A

=}

a3

op
P 9 olelo] 95 714 9

ol r-h:

O

> sxtzsts|x| 2014, 10901



