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Abstract

In this paper, we propose a scalable coding method for high dynamic range (HDR) and standard dynamic range (SDR) videos
based on Scalable High Efficiency Video Coding (SHVC). The proposed method has multi-layer coding architecture that consists
of base layer for SDR videos and enhancement layer for HDR videos to support the backward compatibility with legacy codec
and display devices. Also, to improve coding efficiency of enhancement layers, a global inverse tone mapping is applied to the
reconstructed SDR video and the compensated frames are referred for coding of the enhancement layer. The proposed method is
found to achieve BD-Rate gain of 43.0% on average (maximum 76.3%) for the enhancement layer and 15.7% on average
(maximum 31%) for dual-layer against the SHM 7.0 reference software.
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Table 2. Test environment and encoding configuration option

Encoder Parameter Configuration Option

Profile SHVC Main 10 Profile
Basement Layer 10 bit
Bit Depth
Enhancement Layer 10 bit
Basement Layer SDR video
Input Sequence
Enhancement Layer HDR Video
Rate Control Off
CGS Off

(Color Gamut Scalability)
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= e s "7 Sl AR Rt AAs v
o

oj9le] AF Gl T7, G/l wE QP 202 CfE
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X 42 2 AR AAg 712 ASH P AT QP
e vehdth el mel CIE[6]oA A QP e
o] g-3te] AFFom, 2719 dQP(deltaQP; dQP1 = -2,
dQP2 = 0)5 AA3te] 4 AZ2l QP #e A3t A

QVshe el FE3 S WA EH, B =R
A 98 el 8] gholl e el @elA) 2o
QeelEe] e $53 B8-S B/ 5tel SDR

Class Sequence name Seq number Fps Frames
FireEater2Clip4000r1 S00 25 200
A Tibul2Clip4000r1 S01 30 240
Market3Clip4000r2 S02 50 400
G BalloonFestival S03 24 240

£ v
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Table 4. QPs for Base layer and Enhancement layer
Base layer SDR Enhancement layer HDR
QP_BL = {QP1, QP2, QP3, QP4} QP_EL1 = {QP1+dQP1, QP2+dQP1, QP3+dQP1, QP4+dQP1}
QP_BL = {QP1, QP2, QP3, QP4} QP_EL1 = {QP1+dQP1, QP2+dQP1, QP3+dQP1, QP4+dQP1}
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Table 5. BD-Bitrate result for the proposed method vs. anchor on the enhancement layer

BD-Bitrate
Class HDR seq dQrP
Y u V

S00 dQP1 -12.8% -9.0% -12.5%

dQpP2 -17.8% -8.7% -13.9%

A o1 dQP1 -19.4% -27.4% -19.6%
dQpr2 -32.3% -32.9% -20.8%

S02 dQP1 -56.0% -50.3% -50.8%

dQr2 -68.9% -59.4% -60.1%

G 503 dQpP1 -60.4% -51.9% -52.9%
dQpP2 -76.3% -65.0% -66.5%

Average -43.0% -38.1% -37.1%
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H 6. Hotsk= XM 0| HIE XA of st BD-Bitrate H|w Z1}

Table 6. BD-Bitrate gains for the proposed method vs. anchor dual-layer (HDR and SDR)

BD-rate
Class HDR seq dQrP Encoding Time
Y U \%

500 dQP1 -3.5% 1.1% -2.9% 98.53%

dQrP2 -4.8% 7.5% 1.0% 98.52%

A 01 dQP1 -4.4% -14.0% -4.8% 97.51%

dQpP2 -7.0% -8.5% 13.2% 96.98%

s02 dQrP1 -22.7% -14.0% -14.8% 97.60%

dQpr2 -28.0% -9.6% -10.7% 97.60%

dQP1 -24.1% -11.1% -12.7% 97.61%

¢ S03 dQpP2 -31.0% -4.6% -7.9% 97.60%

Average -15.7% -6.7% -5.0% 97.74%
o olg gt S e AES AT TS Ao 712 342 A )5= HDR/SDR G4+e] o A% Ho3} W
A 54 Gl o & i3S A8 o, I A WS AlRrekgAth AlQtsle W2 SDR H9 YA A
Fx AAEA FE& 82 F 7] WEolth v o E wigS &8t AT 1 EAE IA F TR RS
S01- Fth 17.89] BD-Bitrate 745 HolHA S029}+ SO3 o2 A AZ] 535 8L HolE WS ARSI
Hoh A pEsh B8-S B ol Y e S401 I @3k SHM 7.0 Bl 4 AZlA Hrh 763%2] BD-
Q3 Fo0M Luma Ho] WFHNOR BESe], REF  Rawe 74 EAE 2 & Un0w, B ASH 3 AS
s W A= ARl HIE o] AA] o}, £33} ZAAANA Ht 15.7%, Wl 31% BD-Rate 744 &35 A
F89) B Zo| ¥4 7] WEolth MAROE S00S & 4 ATk B Tholuhy] #21x)9} Color gamutS 7

AFE JHfT o R AZE Ao =R, HDRI SDR <A
o] AAE BASEH, W] hel gk ojy] B At
o] W7t FEBAA vebde FAdolH, Bl 3
tholuhy] HRIAIE & st Altete WS FalAE £S5
3} 8&o] =/ UehHA %e Ae z‘rdﬁ ATt

# 6w 712 AT Y ATY 3
Ao, 7] 741?—94 HlEiE%—E— SHM 7.0
H]—tﬂ EI_I':_
7} dQP1= dQP2-4 QP ?Jdoﬂﬂ 7]
&7 253 a8S HrleRd »g-&/'%ii oF 15.7%, 2
 31%%] BD-Bitrate A4S H AT

i&‘

bt
o o
[o
[¢] F{E
2

B

o

x M

St

BDogle o rfr po

P

Pﬂ
e,
QL
= o
[t
>
m
E
O
O::
o}_
ol
Ky
S
=
o,
>
ok
o of

WNA
AJ)
ool
o5
™

v.d &

B =Ro|xE HDR 9G4S 3302 135337
sted, 71¥9] SDR Z9 % tl2Zd o] AAd Ut 314

ri

(1]

(2]

(3]

(4]

(5]

T AT Fost el tigk A5 AP ool

# 1 2 8 (References)

AEqf, 293, HEVC %& 7129 o8, E5as=wE, 2014,
Donggyu Sim, Hyunho Jo, "Understanding of HEVC Standard
Technology," Hongrung publishing, 2014.

Yong-Jo Ahn, Tae-Jin Hwang, Dong-Gyu Sim and Woo-Jin Han,
"Implementation of fast HEVC encoder based on SIMD and data-level
parallelism," EURASIP Journal on Image and Video Processing 2014,
2014:16, Mar. 2014.

78, 298, A%, F9Y, “Scalable HEVC EF 7|% 58, &=
SAGIA (PR T4, #3048, A 9=, 49-57, 2013 84
Kyeong-Hye Kim, Hyunho Jo, Donggyu Sim, Youngmin Jang, "Trend
of Scalable HEVC Standard technology," Information and
Communications, vol. 30, no. 9, pp. 49-57, Aug. 2013.

J. Chen, J. Boyce, Y. Ye, M. M. Hannuksela, G. J. Sullivan and Y. -K.
Wang, "High efficiency video coding (HEVC) scalable extension Draft
6," Q-1008 v5, 17th JCT-VC meeting, Mar. 2014, Valencia.
MovieLabs Specification for Next Generation Video: http://www.
movielabs.com/ngvideo



(6]

7

[8]

9]

[10]

(1]

[12]

[13]

[14]

[13]

[16]

(17

(18]

[19]

[20]

[21]

(Jeongyun Lim et a

A. Luthra, E. Francois and W. Husak, "Call for Evidence (C{E) for
HDR and WCG Video Coding," N-15083, February. 2015, Geneva.
D. Baylon, Z. Gu, A. Luthra, K. Minoo, P. Yin, F. Pu, T. Lu, T. Chen,
W. Husak, Y. He, L. Kerofsky, Y. Ye, B. Yi, "Response to Call for
Evidence for HDR and WCG Video Coding: Arris, Dolby and
InterDigital," M-36264, 112th MPEG meeting, June. 2015, Warsaw.
S. Lasserre, F. Le Leannec, E. Francois, T. Poirier, "Technicolor's re-
sponse to CfE for HDR and WCG (Category 1)," M-36263, 112th
MPEG meeting, June. 2015, Warsaw.

Rocco Goris, Robert Brondijk, Rene van der Vleuten, "Philips re-
sponse to C{fE for HDR and WCG," M-36266, 112th MPEG meeting,
June. 2015, Warsaw.

Jonathan Hatchett, Kurt Debattista, Joshua McNamee, Alan Chalmers,
"goHDR10+: A Category 1 HDR video compression method,"
M-36261, 112th MPEG meeting, June. 2015, Warsaw.

Jeongyun Lim, Woong Lim, Yong-jo Ahn, Seanea Park, Donggyu
Sim, "Reporting: Coding efficiency of the scalable coding for HDR and
SDR video using inverse tone mapping on SHVC," M-36463, 112th
MPEG meeting June. 2015, Warsaw.

Jacob Strom, Jonatan Samuelsson, Martin Pettersson, Kenneth
Andersson, Per Wennersten, Rickard Sjorberg, "Ericsson's response to
CfE for HDR and WCG," M-36184, 112th MPEG meeting, June. 2015,
Warsaw.

A. Cotton, T. Borer, M. Pindoria, S. Thompson, M. Naccari, S.
Schwarz, M. Mark, "BBC's response to CfE for HDR Video Coding
(Category 3a)," M-36249, 112th MPEG meeting, June. 2015, Warsaw.
AKX Ramasubramonian, J. Sole, M. Karczewicz, S. Lee, D.
Rusanovskyy, D. Bugdayci, X. Li, "Dual layer non-normative
(category 3b) response to the Call for Evideonce on HDR/WCG,"
M-36280, 112th MPEG meeting, June. 2015, Warsaw.

D. Rusanovskyy, S. Lee, D. Bugdayci, A. Ramsubramonian, J. Sole,
M. Karczewicz, A.M. Tourapis, Y. Su, D. Singer, C. Fogg, A. Duenas,
F. Bossen, "Single layer non-normative (category 3a)NCL and CL re-
sponses to the Call for Evidence on HDR/WCG," M-36256, 112th
MPEG meeting, June. 2015, Warsaw.

ITU-R BT.2246-2 (2012), "The present state of ultra-high definition
television," http://www.it-
u.int/dms_pub/itu-r/opb/rep/R-REP-BT.2246-2-2012-PDF-E.pdf
Ajay Luthra, Edouard Francois, Walt Husak, "Draft Requirements and
Explorations for HDR and WCG Content Distribution," M-36436,
110th MPEG meeting, Oct. 2014, Strasbourg.

Banterle, Francesco, et al. Advanced high dynamic range imaging:
theory and practice. CRC Press, 2011.

P.E. Devec and J. Malik, "Recovering high dynamic range radiance
maps from photographs," Proc. ACM SIGGRAPH'97, pp. 369-378,
1997.

T. Mitsunaga and S. K. Nayar, "High dynamic range imaging: Spatially
varying pixel exposures," Proc. CVRP' 2000, vol. 1, pp. 472-479,
2000.

S. Mann and R. W. Picard, "On being 'undigital' with digital cameras:
extending dynamic range by combining differently exposed pictures,"

A& 9
L.:

591 : HDR¢} SDR M|t 29 AAYHE L5312 93 A 4= 7|9

767

Layered Coding Method for Scalable Coding of HDR and SDR videos)

(21]

(22]

(23]

[24]

(23]

[26]

(27]

(28]

[29]

[30]

(31]

[32]

(33]

(34]

[35]

[36]

(371

IS&T's 48th Annual Conference, Society for Imaging Science and
Yechnology, Washington D. C., pp. 422-428, 1995.

S.B. Kang, M. Uyttendale, S. Winder and R. Szeliski, "High dynamic
range video," ACM Transactions on Graphics, vol.22, no. 3, pp.
319-325, July. 2003.

R. Mantiuk, G. Krawczyk, K. Myszkowski, and H-P Seidel,
"Perception-motivated High Dynamic Range Video Encoding," Proc.
of SIGGRAPH'2004, pp. 733-741, 2004.

Larson, Gregory Ward. "LogLuv encoding for full-gamut, high-dy-
namic range images," Journal of Graphics Tools 3.1, pp. 15-31, 1998.
Kainz, Florian, and Rod Bogart, "Technical introduction to
OpenEXR," Industrial light and magic, Nov. 2009

J. Tumbin, and H. Rushmeier, "Tone reproduction for realistic im-
ages," Computer Graphics and Application IEEE, 1993.

E. Reinhard, M. Stark, P. Shirley, and J. Ferwerda, "Photographic tone
reproduction for digital images," ACM Trans. Graph, pp. 267-276,
2002.

R. Mantiuk, S. Daly and L. Kerofsky, "Display adaptive tone maping,"
ACM Transactions on Graphics, 27(3):1, 2008.

K. Chiu, M. Herf, P. Shirley, S. Swamy, K. Zimmerman, "Spatially
nonuniform scaling functions for high contrast images," in Graphics
Interface, pp. 245-245, 1993.

S. N. Pattanaik, J. A. Ferwerda, M. D. Fairchild, and D. P. Greenberg,
" A multiscale model of adaptation and spatial vision for realistic image
display," In Proceedings of model of the 25th annual conference on
Computer graphics and interactive techniques - SIGGRAPH' 98, pp.
287-298, 1998.

Y. Li, L. Sharan, and H. E. Adelson, "Compressing and companding
high dynamic range images with subband architectures," ACM
Transactions on Graphics, 24(3):836, 2005.

Z. Farbman, R. Fattal, D. Lischinski, and R. Szeliski, "Edge-preserving
decompositions for multi-scale tone and detail manipulation,” In ACM
SIGGRAPH 2008 papers on - SIGGRAPH'08, pp. 1, 2008.

P. Ledda, A. Chalmers, T. Troscianko, and H. Seetzen, "Evaluation of
tone mapping operators using a high dynamic range display," In ACM
SIGGRAPH 2005 papers on - SIGGRAPH'05, pp. 640-648, 2005.
Boitard, Ronan, et al. "Motion-guided quantization for video tone map-
ping," Multimedia and Expo (ICME), 2014 IEEE International
Conference on. IEEE, 2014.

Akyuz, Ahmet Oguz, et al, "Do HDR displays support LDR content?: a
psychophysical evaluation," In ACM Transactions of Graphics (TOG),
Vol. 26, p. 38, 2007.

Banterle, Francesco, et al. "Inverse tone mapping," Processings of the
4th international conference on Computer graphics and interactive
techniques in Australasia and Southeast Asia, ACM, pp. 349-356,
2006.

S. Miller, M. Nezamabadi, and S. Daly, "Perceptual Signal Coding for
More Efficient Usage of Bit Codes," SMPTE Motion Imaging Journal,
vol. 122, no. 4, pp. 52-59, May-June 2013.

Society of Motion Picture and Television Engineers, FCD ST 2084
(2014), Electro-Optical Transfer Function for High Dynamic Range



768 WEaersE=EAl 209 A5, 201519 92 (JBE Vol. 20, No. 5, September 2015)

Reference Display. [40] Boitard, Ronan, et al, "Survey of temporal brightness artifacts in video
[38] ITU-R Recommendation BT.709-5, "Parameter values for the HDTV tone mapping," HDRi2014-Second International Conference and SME

standards for production and international programme exchange," Workshop on HDR imaging. 2014.

2002. [41] Vadim, Yong He, "Common SHM test conditions and software refer-
[39] ITU-R Recommendation BT.2020-1, "Parameter values for ultra-high ence configurations," JCTVC-Q1009, Valencia, Es, 27 March - 4 April

definition television systems for production and international pro- 2014.

gramme exchange," 2014.

X &2 N

dHE
- 20144 28 : BRUHSIT HREIZSD S}
- 20141 38 ~ B4} BRUHSIT HFEIZEID AT
- ORCID : orcid.org/0000-0002-7035-8572

- FEAIZ0F: QNOIE, HFE HF, FAMISHE)

=

o g =
- 20104 23 : Z2OiStw AFEISSHL St
- 20124 23 : Z204Stw AFEISSE HAL
- 2012 32 ~ BAf : A2OiStw ZFHSSL LAY

- ORCID : http://orcid.org/0000-0002-0012-0905

- FEARO}: NYE Na o e

==}
- 2008 28 ; L20YSIT HFEIZSAT AL
- 20104 2 : ZRCHStw AFHIS L HA

- 20104 33 ~ #xf : Z2Usw
- ORCID : http://orcid.org/0000-0002-7095-9116
- FOMIE0F : FAE, AFE HIM, IMMUSHE

» o2

o
H
m
0H
Nl
=
1=
>
=
0%

ut Al W
- 20044 28 : L[yt HTE{ZEH} SHAF
- 20061 28 : Z2OHSW AFEZSL MAL
- 20114 8 : Z20HStW ZFE{ZET AL
- 2014 118 ~ A : Z2HSW HAKZ|A|AH 1Al FHoloiR

- ORCID : http://orcid.org/0000-0002-2057-2212
- FoIEO} : alels, ZEIDICIo] AIAE), SAMIBHR]

—B SoL




UA% 9 591 : HDR9 SDR H|T 29 ~Ade)E ¥58k8 S8 A% 45 71¥ 769
(Jeongyun Lim et al.: Layered Coding Method for Scalable Coding of HDR and SDR videos)

X KA

h dNET

ol
=

- 19934 23 : MZL{Stw MAS et

- 19954 23 : MZL{Stw MAS et b

- 19994 23 : MZL{Stw MAZ et F

- 19994 38 ~ 20004 8 : SICHAA} Mo
s T

LTI T =

- 20001 93 ~ 20024 33 : HIZHIM MU
- 20024 43 ~ 20054 2& : University of Washington Senior research engineer
- 2005 33 ~ §AY : H2OStW AFHISY W

- ORCID : http://orcid.org/0000-0002-2794-9932

- FEME0F: FAISHE, JMYE, AFEHEIA

zdd
- 1993 28 : ShE&3ratn SEMAZE I SHA
- 1995 28 : Sho&t3ratn SEMAZE I MA
- 20034 8& : Georgia Institute of Technology Department of ECE EfA}
- 20034 108 ~ BA| : BEHASAUATHUETRI) YSSAUSHATER Holot7el
- 20074 3% ~ A : HSP|SABIYBIH ST O|SSA ¥ CIXELETAY F04
- ORCID : orcid.org/0000-0002-7722-6206
- FRAEO0F: H|DR ASX2|, HIC|R £33}, H|0|Q MSHE, CIX|ZLS 0iClof, 0|cjo] AHAA




