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Non-fixed Quantization Considering Entropy Encoding in HEVC
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Abstract

MPEG and VCEG have constituted a collaboration team called JCT-VC(Joint Collaborative Team on Video Coding) and have
been developing HEVC(High Efficiency Video Coding) standard. All transform coefficients in a TU(Transform Unit) have been
equally quantized according to the quantization and inverse quantization method which is used in HEVC standard. Such an equal
quantization is not efficient because the transformed coefficients in the TU are not eqully distributed. Furthermore, the quantized
coefficients which is positioned in later scanning order cannot be efficient due to the entropy scanning method. We suggest an
algorithm that transform coefficients are quantized at different values according to the position in TU considering a scanning order
of entropy encoding to improve the coding efficiency. The principle of this algorithm is that quantization and inverse quantization
are carried out according to the scanning order which is in accordance with the statistical characteristic of distribution of quantized
transform coefficients. The proposed algorithm shows on the average of 0.34% Y BD-rate compression rate improvement.
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Q 26214 | 23302 | 20560 | 18396 | 16384 | 14564

1Q 40 45 51 57 64 72

II. HEVCS| XISt FAL Al

1. HEVCS| 2Afst & o A}st

5 : Digital Cosine
Transform)¥} -8 ¥H 0 2 W$sle] DCZEOE JU |7}
HEEo] e HIATESS Teth FAske Mg
E59 qUAE B&F 02 Fo|7] AsliA A Hol&
2 e RS gujgitt. dAse S4do] Hlleke 7Y
TEAQ] golt)y. &AM EE At HolE U
2o wht gepd 4 Stk BAAY Fos) S o] gt
3} glolEe X5 ¥A3} g2 E(QP : Quantization
Parameter) 2 FAL8} Hlo] &9 ghS 24 4 Ut QPHL
o] o WHE AFE A O ZHA| A}

Al FAsstaL, st

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1024, 000002



1038 AE33=EA 2011d A16¥ A6s

—‘1.1'4

gt
3] HEVC QZto) = 3hd ) &
B= TG o] Fell A== off A (1)Q o]-&-3}o]
A%2 sl 1 29z U Fxsle A

01

‘el 4=23 223} S99 T8 B2FaL

(e

L s

sl Aoy

Coeff * Qppoy + offset
level = . )

2'21+ %—logzN

level x IQ ypy,e X2 ¢ @
210g2 N-1

CoeffO =

21¢] Ao A level, Coeff, Coefoh V7 ofAsl ° Al

TU®] & W] ol oJv|gitt. offset:
o WrEgoz % oF
ARslE akolth
949] 1 QsHIQi= 717} Qe IQ@te: <fPl et Qatst 1Q
F 19} 2] QPE 622 Yir UHA FH(QP%6)l
E}E} AU, TU Wl Al 91471 DCEolE ACKelE
1% OJZ}i} ElolE e

A3} Z oA
9} ¥|=(Dead Zone)e| A7

rlo

191 PRSI @ PAE SBE AT, A 8
B2 UL DCAG: B0z PEeo] Yov Fu
2 340 Ui FRE E8 £7) o], 2] me} e

2719 PASE £ Bask Aok

1. HEVCS| FA} EHAl

HEAg, o dAs @ WSATE ngth =g N2 Fsl7] el EAMLE AlTE FASAZ] o] Fol] gkt
| Lz 7 AP 7 W s s
A7 e = N
Py
7
(a) B1B1 Lf OIS Al FARLA
(a) Scanning order for Intra prediction
L7 7 ]
7 m m v
: /]
Az ¥
o %
7

(b) BB ZH OZA] FARSA
(b) Scanning order for Inter prediction

J2! 1. HEVCS| FAIEA
Fig. 1. Scanning order in HEVC

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1024, 000003



A%3 ¢ : HEVC JERY 235312

d 12 &2 HEVCS FAPE2S vehditt
Ui dl%EE °ﬂ A TU qu ka}:@} 74145% SR
o T

Hééoﬂ J= okx}ﬁ}lﬂ 741
FAPEA S ARESE Ao] 4l EEJJ iﬁ} Sl &
X*olﬂr. HhAo), TUS] 9% Qle HAER 2 o4 3t

S 73 2 AFRER Add Aedde st
7tE ko R AT 7} A W& 7FsAol soBE &
Azt AG7E 4 oz F 301 W 7FsAol =t ©]
= 9 Zo e RS AGFHE WA FARE A2
Wy FAPEA S AMESE Ao l AEZI] 535} SHAA
=R

3
] cﬂqLﬁ(PU)i Urrow 1%6}715 &, 75]/\]-2}63
PUE Wrolx d5eb7]® gt} H.264/AVCo=

HEVCE 2Nx(12)NFE o] #dr]|4&S Agsit) 3 471
o SR dFE Y5 A5 olHF FAAE I
2 wgeth AAAE Fee] ws g iskE R Al
o= e ee] FAPEAE ARg-slaL, HlgAtas We
2 FABE FAT Alolls A2A L FAE ARSI

7] fshM FAE =AMl
godo g U grksl =7
2 g24 sk PHS Aksith TUS ZE w3k S

g HlTT FAs g 1039

$UG 2712 BB AP T4} 244 5 2ol 00]
obd Adjgte] A2 YAlskE AG7E Uehd 4 At A
e Sl WA E 24 s sk b
g Ak Al
& 508 gox fATN dEEA RERISE ¥
F39 M BEHOR ¥53 T 4 b BT WA
271 4 ()9l Qe WANAA A ok A
(3)%h 2ol Q#E - Q= WEo] FA Ik

=0 P%6XRL
0.

= QQP%6 X RCH

0 'L,QP%G

'
0 CH ,OP%6

QQP%6= 3. 190 Yt e FAtste] 2715 24é7]
sl st A (el 2ol ghelth B3 QL, QP%6JJr
QCH,QP%6= FAREAY 5 £ A8l @ ATss
Al s $18IA A ()9 QQP%6%k tilel & FHERE
QL,QP%6> HETUS FARste Aleell AHES ghol
QCH,QP%6-> MAITUS] YAFs]E Al AR gholth
R2 Q9} Q7] HI&-S 553ttt Ro| 15T 2HA| Fo]A|A
2] (Hell et 7IEHT FAskE 24 & 4 Aok RLJJr
RCHE 217} 3583} Mx}dhe] RS =t} A}
H H3AG7E DCEOE Bole v JeAin A
2pgie] o As7] wiiell, 3=TUH AU thake
A71E v2A A&t WA, Qi QPE 62E
= UH A grell whet gepRan, S EAEolu Aol
Lol wie} th2w, Ryt wel gekx|A "ok

olol] X o FAEE W= AQFE FAtstel 51 A
&} sfoF ghrt. 187] A= QrkT 1Qe B
£ ¢, 3 A wEbA 1Qaks Eol o A &
o, TUW Q#to-& FARsleh $1A1¢} H2-2 1Al 1Q'#k
o7 2 () o83t o FAE} B FHof gk A 4=
Q- IQ#ke] BAIE FHsh= Aol o] 25 o] &3,
Qo] AalA™ ool BrHA 1Q@E T T Ut

al

' ' _n20
10 L,0P%6 % 0 L.OP%6 — 2

' ' _n20
10 CH,0P%6 ™ 0 CH.0P%6 = 2

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1024, 000004



1040  WEENE =R 20119 A16¥@ A6

9] Ao oJ3h, IQL,QP%6%# IQ'CH,QP%62 TU
Woll A FARKEAY 5 &9 st AlTE Jdrtst &
g 2= 2 (2)9 1QQP%6%k tAlel EoZ4 IQ#eZ
IQL,QP%6E 3% TUO| 2:0]1, IQCH,QP%6E AXTU
of 220t} HgAsE wf Aol FAlsletr] Ae] WA
T} ARG WEAIFE Bdah] A Qakd 1Qae] #
& 2200] Yool Hk o) YAE & W) 2= 4 ()
Qe & 2= 4 (25 HEeR & 5 A0
% 2 AL 2k 8x8 TU, HIAAILS 8x2, 2x8
&o] TUE o2 5] At WHo g gA3) sl B
BojEr 19 200 oJstd thzpadgake] FAR2, 7t
WEFo] AP A 2xeRe] FAPEA T'jal A A1

FAPg Ao thet ThE Fele) PABHE She A HelF

ko |

o} 29 20 U} B TU RoA] 3] BEL Qzhs o] &
ato] FASFE ke dYolar I e Rkl 3 %
Qs &3t IAsE e F ot} FAs} ke 4
A& F HEOR Ure 7SS FAKEAY TUY 7122
oo} A2 ZolE Fxl Yy "ol FE7pAo|th. o & &
°], TUY] Z7]7F NxMo|2hd, FARKEAZ N+MyHE 2
7 g Ve 2 A712 JAEE sk, 1 o A
FEE AtE Qo] AEE 71ERY A YRS
olol] whe} o FASIE TU W) Qa2 FAsket Jooll=
Q72 AgAS) 31, QaoZ dAsst Jgd= 1Q
Hoz Agatslsi

a9 3 AlekE W] dERY 153} ZHdM g8

o) 9 HolFTh ()9} o] AL A H ol gl

J21 2. 8x8 TU X HIHAIRZE TuOIMe| HMIQHel RSt i
Fig. 2. Proposed Quantization in 8x8 TU and non-square TU

-10-10110014-1100000000-1-10000000000000-100...
(a) 71Z9] YRislEl 2
(a) Original Quantized Coefficient

-10-10110014-1100000000 0O0Q0000000000000 000...

(b) MIQHE! Hhdo| ARISIEl Al
(b) Proposed Quantized Coefficient

O3 3. 8x8 TUL| FAL MMae| ALt A=

Fig. 3. Quantized Coefficient according to scanning order of 8x8 TU

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1024, 000005



dg3 9 : HEVC JERZY F35345 uef3 vlids st W 1041

P ASE 275} 9
a) The A%l vl
23] 939 A FaE} 4
37] Slsln Aazow ge
A=zl pas g S0 457 agel a9

o7 F94 AS 14 A HESS 29 F Ao £8320 9L & 4 9ok
JE

H7} o]t} At ol

° rlo rot _IR
ol

(CAVLO)9] 3%, B2 W) FAL 24 4 713 vl & 1. &8 =
= 00°] opd ﬁ]T«] AAE A S BT, 00] of
Y A== Alole] 09 /M2 UFE 2o HET. 1 Atd AEZY] Boste] Ass 13 HIds FASt

A =, 2o =u AQe] A4t WS Aels go] of He HEVC 2 £ZE 9)of HM4.0[ "W 7oA &
d AGE Atol9] 0] 77t Bk HIESo] sold T stglon, A¥xALe HEVCY 359 49203 59
9lt}. olzlst AT} /zg 7] 1] o7 a17) YA, AR 31A| 34T 3 2 High Efficiency2} Low Complexity©]]
5 2o 93 = 22 Jodo] Fels A2 u) A AHEEE F33} 7] tig #olth dERY] F53)
A gABE =) —%1. 297} 9k 712 High Efficiencyol A &9 7|4k &3 2&3d
Wb, AotE dug]Z2e DCAGS 2o AFa 99 (CABAC : Context-based Adaptive Variable Coding)©] =}
o A%E iz W ForA, mEselel oo opd  @%1°) 3L, Low Complexity ] N 2 7)) ¢4
AZGE Aole] 09] /)5S FHsI=Y S HE 48 2o 7hH o] ZY(CAVLC : Context-based Adaptive Variable

I 2. High Efficiency@ Low Complexity0ofiM2| &84 =2
Table 2. Test Conditions of High Efficiency and Low Complexity

High Efficiency Low Complexity

Coding Unit 8x8 up to 64x64 in tree structure

Prediction Units
Asymmetric Motion Partition

Transform unit tree(3 level max)
Transform block size 4x4 to 32x32 samples
Mode-dependent Transform for 4x4 block (DST)
Non-square Quad-tree Transform
Rate Distortion Optimized Quantization

Angular Intra Prediction (Max. 34 directions and Planar mode)
Adaptive Intra Smoothing
Intra Chroma Prediction using Luma samples

Luma: 8-tap separable DCT-based interpolation filter (1/4-sample)
Chroma: 4-tap separable DCT-based interpolation filter with (1/8-sample)

Coding Unit based Skip & Prediction Unit based merging
Advanced motion vector prediction

CABAC entropy coding CAVLC

Internal bit-depth increase (2 bits) X

Deblocking filter
Sample Adaptibe Offset

Adaptive loop filter X
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A Traffic 2560x1600 30fps
A PeopleOnStreet 2560x1600 30fps
A NebutaFestival 2560x1600 60fps
A SteamLocomotiveTrain 2560x1600 60fps
B Kimono 1920x1080 24fps
B ParkScene 1920x1080 24fps
B Cactus 1920x1080 50fps
B BasketballDrive 1920x1080 50fps
B BQTerrace 1920x1080 60fps
] BasketballDrill 832x480 50fps
o] BQMall 832x480 60fps
C PartyScene 832x480 50fps
(o} RaceHorses 832x480 30fps
D BasketballPass 416x240 50fps
D BQSquare 416x240 60fps
D BlowingBubbles 416x240 50fps
D RaceHorses 416x240 30fps
E Vidyo1 1280x720 60fps
E Vidyo3 1280x720 60fps
E Vidyo4 1280x720 60fps
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Table 4. Experimental results in High Efficiency

RDOQ off RDOQ off vs RDOQ on RDOQ on
Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate
A -0.6% -1.3% 1.3% -5.3% 0.8% 2.5% -0.12% 0.46% 1.21%
B -0.6% -2.1% -2.4% -6.5% -0.4% -0.4% 0.01% 0.31% 0.31%
Intra C -0.6% -0.6% -1.5% -5.0% 0.4% -0.5% -0.08% 0.67% 0.22%
Only D -0.4% -1.5% -1.4% -4.9% 1.9% 0.8% -0.02% 0.18% 0.18%
E -0.1% -3.2% -3.0% -4.8% -0.3% -0.9% 0.06% -0.50% -0.41%
average -0.5% -1.7% -1.4% -5.4% 0.5% 0.3% -0.03% 0.26% 0.34%
A -0.7% 1.5% 3.9% -5.0% -4.3% -4.5% -0.12% 2.30% 4.17%
B -0.3% 0.0% 0.0% -5.3% -6.4% -5.8% -0.02% 0.94% 0.93%
ii';‘ig;“ c 0.1% 0.4% 0.2% -5.0% 7.1% 7.2% 0.05% 1.35% 0.95%
D 0.1% 0.2% -0.1% -4.8% -5.4% -5.6% 0.07% 0.84% 0.29%
average -0.2% 0.5% 0.9% -5.1% -5.8% -5.8% -0.01% 1.33% 1.55%
B -0.4% -0.9% -1.3% -4.1% -5.5% -4.8% -0.02% 0.83% -0.17%
C -0.1% -0.2% -0.5% -3.6% -5.4% -5.4% -0.03% 0.67% 0.25%
S_;\;Vy D 0.0% -0.7% -1.1% -3.6% -5.9% -5.7% -0.04% 0.41% 0.41%
E 0.0% -2.1% -1.5% -1.8% -3.4% -1.9% 0.11% -1.32% -0.10%
average -0.1% -0.9% -1.1% -3.4% -5.2% -4.6% 0.00% 0.28% 0.09%

I 5. Low ComplexityOfA2] A&izint
Table 5. Experimental results in Low Complexity

RDOQ off RDOQ off vs RDOQ on RDOQ on

Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate | Y BD-rate U BD-rate V BD-rate
A -0.6% -2.2% -1.1% -5.4% -4.5% -4.3% -0.05% -0.20% 0.21%
B -1.0% -2.8% -2.9% -7.6% -6.9% -7.3% 0.02% 0.12% 0.10%
Intra C -0.7% -0.9% -1.6% -5.3% -4.1% -5.0% -0.06% 0.57% 0.37%
Only D -0.5% -1.6% -1.2% -5.0% -3.0% -3.9% -0.04% 0.29% 0.54%
E -0.4% -3.5% -3.2% -5.2% -10.0% -9.9% 0.00% -0.42% -0.37%
average -0.7% -2.1% -2.0% -5.8% -5.6% -6.0% -0.02% 0.10% 0.19%
A -0.5% 1.4% 2.4% -4.0% -8.8% -9.8% -0.13% 1.47% 2.53%
Rando B -0.4% -0.6% -0.5% -5.0% -11.7% -11.9% -0.03% 0.80% 0.69%
m C 0.0% 0.2% 0.0% -4.8% -11.1% -11.3% -0.01% 1.06% 0.75%
Access D 0.0% -0.2% 0.3% -4.9% -11.1% -11.3% -0.03% 0.76% 0.99%
average -0.2% 0.2% 0.5% -4.7% -10.7% -11.1% -0.05% 1.01% 1.20%
B -0.5% -0.9% -1.5% -3.4% -10.7% -11.8% -0.09% 0.86% 0.61%
C -0.3% -0.3% -0.8% -3.4% -9.6% -9.6% -0.11% 1.02% 0.29%
DL;\;VY D -0.2% -1.1% -0.7% -3.4% -11.7% -11.6% -0.09% 0.43% 0.38%
E -0.2% -2.4% -1.1% -2.0% -11.2% -8.1% -0.02% -0.53% 0.24%
average -0.3% -1.1% -1.0% -3.2% -10.8% -10.5% -0.08% 0.53% 0.40%
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