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16x16 16x16 16x16 | ~--16x16
316 7 | 4 5 18 4 |5
8x8 8x8 8x8 8x8
2 2 N 1 1
8x8 8x8 8x8 8x8
1 1 1 1

1% 2.5 HEVC ¢ ¥ CU depth 273 73
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HEVCOlA, CUE t&3 & Al 7}#], Merge mode, Inter mode
Intra mode 3t} E ZAAHTE Merge modes HEVCoOlA AME F719
modeEHX, F7FO 7 o] %3t= CUS motion vector R, A|7F =07
co—located CU®] motion vector ZHE TIUlZ 7}FAth A= mode=
w2  motion estimation?}dS AXA &getl AwrA O R Merge
modeE $¥ motion vectord FRTY F= 570e]lw ofH motion
vectorE AP =A== merge index@  TFE3ITF 2Nx2N2 Merge
mode°] Tt©H3lA], encoding® residual dataE {l= A-Folw Skip
mode® W% 1L, 1 9]¢ A--ol= Inter modeo] EgH= FAo|th
Inter mode+= 3F 709 2Nx2N PU, + 70 2NxN PU, F+ 709 Nx2N
PU £ Al&3, RD cost® HlwE 3 CUZF Al Foll ahte] ez
o]Foj 3l AstA A

Intra mode°lA& H.264/AVCell Hla]l & @2 3570¢ modeE
A= o]= spatial mode’} 33702 AA =717 Fo|t},
o]& <l& Intra mode®l tfsk RDO2] AAtZo] wo] F7tstal”] wof,
Fast Intra 2= 7S AEsto] Al @dA9] #44S S8l RDO dAES

=tk A WA FgoME 35719 BE Intra modeo] sl SATD
718ke] RD costE& AlAbete], HA9 RD costE: Kol N 7j9]
modeE AWsta, FHe] ojv] AHH CUS best modedE FrEsto],
MPM (most probable mode)E& $X moded] F7}sttt. F WA
A=, olgA Aslx N+MPM  $xH modeEel disix, TU

Qaudtree®] maximum depth & 1% 7}483tod RDOE 38)3}¢,

13
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minimum RD cost& #|& 3= modeE # 49| Intra mode® 47 3t}
npx) ek A HA Ao, ok WAl AR Intra modeol] A,
TU Qaudtree® maximum depth & 392 Fof A TU G274
A7t} o] gt Fast Intrai= encodingl &4 A 45 7] 7|24

© =wolMe o 7Zlwel AEE dHE VIR Y HAxE
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2.2 o]d A+

Simplified RDO®] A5A 9, RDO2 Z+7te] #4-& whaslste] HA)
RDOE]  <QAAMES  Fol7] fet @2 dE°]  H.264/AVCelA]
AL, AT [2]ME CABACS w3t 371 18]l context—
Albatdet. A-[3] A7-[2]9

& AT EMN, ALEEE contextl] = =9°]1, binary symbol 7|89
H

o

update dependencyE =o°]+= 4

d315 T3, CABACY dAiEsS o Fole WHES Asth
AT (4] 9} AT [14] o4 += bits2} quantized transform coefficients2}2]

AZE o]&3to], CABACY bitsE WMEA =8 5 =

e
ol

ry

HPHS Aekstgt. A [15] oA = RDOS CABACS EH%E7}
AL, stEYolE Ed, AAre IA Folx= WS Aeksta

AF[1]olM+= SSEE w27 AAsk= W3} look—up tables ©]&-3F
quantization WHE AR, AF[13]oA4= CAVLCE bitsE

WEs 5T S e maw wHe Agsarh. o4

re
—
iy
Mlo

H.264/AVCelA & RD A3t glo] axdg oz RDOS

2
2
ol
o

AR aHER, 2 =woAde o dA4E Sl

ol
_\3
22
ro,

darelas AEst HEVCH A3t dee B7iskela, 1 A&
A skl AR dagEES Akt

7B detection ¢18]&2 transform¥ quantization o] Q=
af XFEPE Aoy, wf¢ @S ol AgEo

=AY 2 =EddMe 1 FolA, H.264/AVC o dis] AtEAE

o
o
jincs
Hh
~
>
=
=

—_—
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NNeEs AFE AfEEs du d18]edAe Al E
SAD(sum of absolute difference)?] thresholdE A3, 31
SAD7} 2% thresholdit} #ow 7ZBo=® o=3ta, witjo A%

ZBo] ofd Z1o & ofZgtth. o] threshold: A5 9] SADS} DCT
coefficient®] 4382 Ql #AE o] g3ste] HEojwll o=, ZB detection?]

G Ak AFH[18] oA
ArE  threshold® e+ 7AAdst7l fl&l, A7~ [26]1 < [27]A

2,

Ate ZB detection encoding el Wl thresholdE ZHdh=

He Adtsta Qv a9y, AEEe] duider A2 #Holth
AT-[25] = A Alge]  Gaussian  distribution© = R AE 3}
A5 7k correlations ©]8-3Fo] SADef t$t thresholdE ettt &&
RAS AbgE oz ol AFEe vl ZBY HEHol AA Stk
AgEE ot "oty A4+ [25]e & o JhAdEh] s,
AG-[22] -+ Hadamard transform¥} DCTS TAZFE SATD
th 3t thresholdE Albstal vk A-[17]= A7-[25]3F 79| Blzsid,
Zrx}Al 35 Laplacian distributionS ©]-£3f0] Rdl® sty o] & HlE O

SADe®] thdt thresholds #|Qtstar it} o]ide & RES 7|HEC

[
_81_11
rf
olt
_|_,
39,
D)
5
N
=)
i
=2
[
oX
2
Wi
2
2
foi
1o
i
m/
=2
=
S
>
rlr



{1

AAM oz Qs BEATD g B o A%, B2 B

ifod
fu

Al wlsl ZB7F 4 gEo] wokxAl "ok o [19]elM = Al
AUAE DCY ACE TFEeto] ANstel, T35 54& nedd 7B
detectionS A¢ralar vk 78, o] WL ouxES FE7] 9

AT O, Fol Bad Qe Fohslof sy W], AAr

o

=o]7] Yt ABFE ZB detectiono] A T3HA] &tk AT [20] A4 =

o

Hadamard coefficientsE &&3to] ZB detectionS F3st= HHE

rok

AQFstr Uth. 7| A O F . Hadamard transform®} DCT7} Bl
basis functione zt1 Q7] wjFol, Hadamard coefficients® g2

DCTell 93t 34

e
o

= & WA fv. T3k, Hadamard
coefficients & encoding 774 = FME (fractional motion
estimation) oA AAFE 7] wiiEel, F7FE = Ak gle] RDO 34 Aol
Hadamard coefficientsE& @& 4 SQltk. HEVC °l4+= Hadamard
transform< H.264/AVCOlAHH 4x4v} 8x8 =R
16x16¥ 32x32 o et &5 thsir = 8x8dkel=z 2/jAq -9
olgl olfE  AF[20]eIA AltE LaeFE HEVCel &3]
F18lA = 16x163 32x32¢] st Hadamard transform® F7}% <1
AAto] FoetA drk. 2y, olst FUhE= Aite]l iAo r A
%71 e, 2 =welA HiEE e ASRFTE ZB  detection®l

Agelx]  ory. wek Agst= B2 37|17t AAe| uwiel, DCT

coefficient®] =Z7]e] thgh FA4k &gt FrbebAl @t o]y e A4S BE
quantized transform coefficients”7} 0°] olyolx= ZBo] #H 4 Q=
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d vE&s FolAl stk HEVCOlM &= sid &5°] ZBoleta

i

559
7} 3ske] -3 RD costZ7F AA RDO #AE Ax 3 RD costErh

A HE, dld 5SS ZBOE AHFste] encodinge T o]l

1o

LT /BS E +=%dAi pseudo ZBOE st PZBE

X737 2 stk Hbde, BE quantized transform coefficients”7} 00]

Ho] ZB9 H+= E5& PZBY TS 98, genuine ZBO®E A 9Etar

GZB® #%7]sh7]® @t 16x16 °lv 32x329 -9 dA ZBel digh

PZB2 Hl&o] %7] wiEel], HEVCE $I% ZB detection o]

PZBE # #HEF F oo 3Ir. = =EdMd= A VE
2l &

S5 U= g3t HEVCe| #8319

2 =19 SSE 7]HEe] RDOE HF&4°=2 SATD 7|8He] RDOZE
giAehs W #-ske] H.264/AVCH disl] FgE o)d AFE2 Urh
1 o=+ H.264/AVCE 749 RDO on/off Al¢] RD A&7} AA
okokal, olul RDOC 7t #A& st 71EEd ZB detections

<3, RDOS <datgs =AA  &olwA, RD AstE HAidsk=

HEVCelA SSE 7]4te] RDOE HEZAHO
sk Wol wlg gayAeds A AyE Fa AAstaAr ¢

o
2
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A 3 & Simplified RDO

3.1 Simplified SSE

= [1] A= RD costE T/d3%F= Distortion Al SSEE
Arkgre] oA, FEAQ #AAE  o]&ste] IDCTE Aste
G FE Arstar Ut o 2" RDO A& Yehdls Aow
AP FS AYetr] st AEEo] EAE T
- ~
Resial R | PCT | F| Q QR PR RR SSE
Signals
N\ Y,
- ~
Entropy Coder ——> Bits
N J
1% 3.1 8 A3 E°] 7|9 RDO #7
dyugFS Ayt Az e vty 2ol sy,

S : original signals
RS : reconstructed signals

P predicted signals

19



R residual signals
KRR : reconstructed residual signals

F . forward transform coefficients

F’: backward transform coefficients

MNE 938Fe], RDO2] RD cost

AT(1]9) Gzl &
Fets SSE AAbS whEA S

D3 2o A+ [1]12 Distortion®
o},

i&

WS AljkskaL

J =SSE + }VRDO - Bits (3_1)
259l S= A% R dFA S Po oz, AT A5 RS+
AT-A W2} AlF RRIY oS A5 Pol gho g olggl o] EH ATt

S=R+P (3—-2)

RS =RR + P (3-3)

SSE(Sum of Squared Errors)E I Ao uz} Az A4

Nz Apole AFe Foz 2 (3-4)9 o] Eao] B},

SSE = I S—RSII? (3—4)

» < AL




Ir

o= A @B-4)e°l 2(3-2) ¢ A B-3)& udstd 2 (3-5)¢ o]
S R A7 A2ls RRE SSEE 8+ St

SSE = IR—-RRI'? (3-5)

olu, DCTe AFE¥+= F4d& Tk & o, T7} unitary matrixehd
21(3-5)+= A B-6)AHE Fdo] 7l

SSE= IT(R-RR)T"I? (3-6)

olw], HEVCelA2e TE Fatd oz &HW3t unitary matrix’F oF4 7]

u o] Fe} F'2 3 SSE' (21 (7)) 9 SeF RSE 3+ SSE(4 (4))+=

s DA AT P

RS |

SSE' =l T(R-RRT" 12= 1F—F I°? (3=7)

I3y, HEVCOlA S Ti= unitary matrixe} W FAFSH7] wfj &,

e Ael= i A obd ¥ xFeol SSEE yFeol SSE'e

vebd Zlom, Re HAY ARSo]l y=xA FAAdC W 7HEA

AP BAL 57} vk
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50000

48000 -

42000

40000 - -
40000 42000 44000 46000 48000 50000
SSE

1% 3.2 SSE$} SSE'#e] #A

ol&l7| SSE'7} SSEE A& A A7) wlEo], RD A%S A3

i

] x] &= ggko] uwlg- o}, o] AduElEE H.264/AVCE 98l Al

2

}1\1_

ol
o

Aol Wk, HEVCol % 74 #g8 4= glon IDCTe| a)dsh=
]_
$18l, Class B (1920x1080) %7 4709} Class C (832x480) 4%

%
ol
N

=4 4 3lt}. Simplified SSEE AE&d2 uwje] RD A= =74

4715 AFE3L 3, low—delay configuration®. % encoding 3%t} o}

ke

3.1 Simplified SSEE #&3<= w2 BD-BRE T7F= Uehd=

X%, H4 BD-BRQ Z7}7F 0.003% =2 w-¢- &&S sheldd 4= Q)

22



¥ 3.1 Simplified SSE #-&-A] BD—BRY] F7}

Resolution Sequence BD-BR increase

RaceHorses 0.04%
BQMall 0.13%

480p
PartyScene 0.06%
BasketBalDrill -0.14%
ParkScene 0.06%
Cactus 0.02%

1080p
BQTerrace -0.21%
BasketBallDrive 0.06%
Average 0.003%

23



3.2 Simplified CABAC

CABACE @Al Agsh= symbol® d#7b tha symbol®] CABAC
operation®] 9L FE symbol T2 serial processe]”] wj&Fo,
AxgFE Fol7|7k HA ¥k ¥y, RDO #HAoIAe CABACS
A ¥ = bitstream® AZ]E¥F RD  costE  AlAber] wE&ell,
bitstream® W& 24 % bitstream® A7IRF F A 5T 5
Attd, RD costl= AssA 52 5 Stk H.264/AVCIM+=

[2]~[4]2] <dFEo] olyst HAgE 7|vtoe =z CABACY A

il

Zol= WS Aekagtr. B E=RolxE= CABACS Fxo tisiA
gk = [2]~[4] 9 dAFE HFLe ot A A=

3.2.1 CABACY +=&

bin value for context model updare
1
. . loop over A 4 binvalue, i
non-binary valued bin bins . ) ol Regular i
syntax element . . siring bin Context | context mode . 28 i
Binarizer —» »  Coding
Modeler Enein :
gine coded bits
regular regular :
syntax '
element T : bitstream
> > bypass i bypass
binary valued T ; Bypass coded bits:
synrax element - — L . :
bin value : Coding Engine :

... Binary Ariihmetic Coder:

a% 3.3 CABACY #3

24




CABAC+E Context—Adaptive Binary Arithmetic Coding?] ¢Fo]=,
T AHE 83> BAC(Binary Arithmetic Coder)® & 4 9t}
919 2% CABACY x99 Ag A4S vehdfar vk CABACS
=7 Binarizer, Context Modeler, ¢} BACE u¥|o] A|w, §Jg o
syntax elementE %31, 39 2 & bitstreams A3ttt CABAC 9
9182l syntax elementi motion vector, quantized coefficients,
prediction mode 5°¢] 2 4 At} Binarizer= 98 ¥ syntax element

non—binary syntax elemento] thalo] o]X3}E S=8)3dtc}. o] X 3}r}

i ofN

bin < syntax element® F5F°| w2} Regular Coding Engines
A28 #] Bypass Coding Engines AFEs x| A4 3s1A] ¥t} Regular
Coding Engines AFg3t+= 4%, Context Modelero]A Al&lsk
contextE AFE3}o] encoding ¥™, Bypass Coding Engines AF&3t+
749-, contextE AFESFA] &1 encodingstA ¥tk CABAC ©f syntax
element’} Y= 7 WA Binarizerel 38 o]zst #HAS
sttt o] uwl AAE bin® Ao uwgl Context Modeler7} AFgE-g
contextE® AEsHA Hrh o] wl AEHE context® Binary Arithmetic

Coder°l A encodings 433l1 contextE Updatedsts= #A4S AZth

3.2.2 Various Complexity CABAC

3.2.2.1 High—Complexity CABAC

(219149 A4+ 7]F CABACO T+ 7FA19 w3} vHH-S Aekstar

25



Atk A WA W o 2= CABACS BAC((Binary Arithmetic Coding)

= look—up table® ™ A|3}9] renormalization loop ¥4 & Aeksit). F

tlo

HA Y 0 2= context modelero A AFE WIE7}F 2 contextHb

-

>

Mk WAl oz A AMEEE contextl] NFE FOA A

e

=
th ol& HEVCel #H&st7] <fal, A A W=7t

2

)
s
(o

contextE AdAoxw a1, AME A contextel]l ZWHA context
modeling I8 ES F43sFt. o] HH O 2 significant mapol] AFEE
context® NFE 484 262 %, level © AFEH contexte 7HF7}

5694 122 7tzt =9t}

3.2.2.2 Medium—Complexity CABAC

AT[3]S AF[2]E 7IHto =z, o2 719 binell 3l context update
= & del Ay £ e WS Adsta ok 71E9] CABACe]
binell th3§ A context update®E ot Aol Wbl AtE WHL o
el bing 1w3tete] $ WTE context updated 3F7] wiol AAitgo]
=054 A oY dudgEes HEete] HF dSstaa s
Bits& <=3st7] S8, 724 o vad 22 3 dAE AXA Ak

AHEshE bingl IEs Rbeth whEbA,

bingel 93] A2E+E context?] 7iFe binEZ o|FRA 159

A WA Z = 22 contextsE

M7 Zolx A "y, F WHAZE=, MPS(most probable symbol)©]

N9} LPS(least probable symbol) 9 /IS A WA A oA TH=
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JFEE A A WARZE, T OoAA dAlelAd 3 MPS9F LPSS
Nrg 7IHko =z BAEE Bitsg St o] dugFe] Aee
BitsE dS8t= deol AgHe 159 bing AFEE 2ETGORAH
z7gol 7hestrh. 239 bin® MFE Lpe & E7I8HHE, Lpa 7F

4 UAT RD Ast =3 F7HEH
doh, MR, Ly 7F B4, A HA 20549, RD Ashe
2EHA "ok o) ZueEES HEVCel AL3t7] $sids, bine
Aol A e RAAH 173t oF st} o] & 94, last significant XYE
el 58709 1HS, significant map> M E 26709 IFE,
levele fleiM = 12709 2355 A ZH o] ZF I dig MPSs}

LPSe W57 AMojA|ar, o]E 7|HES 2 BitsE AT Ly +
A

RDAsIE HAstAA AEs 24 5 AES Agdor Hspgion,
=N E L & 1622 A8t S S35t

3.2.2.3 Low—Complexity CABAC
A AVRE A= CABACE 7|24 AAHE T 7 A4S

wWEA g £ Qe WHE AsA T, AT [4] 4= CABACO
WS wjA|stal, zero 9F non—zero quantized transform coefficients
18131 quantized transform coefficients? levelE &&3l] BitsE

d5gtt o] daelES AWy f&, et 22 Axss Aot

NI\
ro
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Rsien - bits for sign of coefficients

Rsignificance map - bits for significance map

Rrovers bits for the absolute value of a coefficient
Reverr aps tever: Sum of Rrave; for all coefficients ( X Rrove)
N, the number of non—zero (significant) coefficients

N,: the number of zero coefficients before the last non—zero

coefficient

Rsign & A%, AA CABACAIA X bypassed pathel ¢ 3l encoding
=7 wiEell, Reg, o tisl] @Ask= Bitst= 21(3-8) 7 o] ZHHT.
WS, significance map®l oisl]l WA= Bitsw N, @ N, ¢ 3l
Hldlsl= 54 7H7] wdel, 2 (3-9) & o] dEr. 2 (3-9) ¢l

81+ weighting factel 13 1.5+ AdA oz A F ).

R51g17 = NS (3_8)

R51gmf1'canceMap: ]X jvz + ]5 X jvs (3_9)

coefficients®] level ©] 5xRT} 2 A WA= Bitse
coefficients®] levelo] AR Ho=z wHldstr] dwwel, o A%
coefficients?] level® WA= Bits®& djAlstey. 1 ]9l A4,
coefficients®] levelZ Bits®e <5 <+ g7l wiLel, o4

frameolX CABACS A=z dAA Hestel= Bitsds AT

28



o1&l Ricver ol AE Bits A5 4 (3—-10) 2= o] .

Riover = (Level,=<5)? Level,s Previous CABAC Result (3—-10)

(Level,s - the absolute value of a coefficient)

RSJgn; RSz'gniﬁbance Map j—ﬂjﬂ- RLeve/ Oﬂ EH?:SJ— BltSoﬂ EH?‘-S_}_ o:ﬂ%é]l% (3_
8),(83-9),(3-10)< 24 (3—-11)¥ o] stz XA =4, DCT/QZ
Aile] s CABACY BitsZ tjAg 4 QA =},

R estimation R&'gﬁ + Rngm'[icance Map + R Coeflf_abs_level (3 - 1 1)

3.2.2.4 Evaluation of Various Complexity CABAC

1S

A A EAA M7EA B35S CABACE HEVCe A&3s we
RD AstE S4= 98 Ads FIFsiar 1 A34E ofd £ 3.2
AAskaL ok RD Asks S438t7] fl8l, Class B (1920x1080) [12]
d7% 4719}k Class C (832x480) [12] ¥4 4705 AHEFAL, low-—
delay configuration®.® encoding 3}t}. High—Complexity £}
Medium—Complexity CABACS BD-BRY <77} 22 0.28% %)
0.40%= v|$- wju]3td] whsf, Low—Complexity CABACS TiA &2
T 3.71%2 BD-BR9 Z=71= Hola 9t} Low—Complexity

CABACE= SHA AWEHSIIAY A7, CABACS A& FdskA &4
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Bits® o153/ wWEel, 1 B¥E W 22 melsd, #F RD

Aok 2A BAL 94 4 5 Aok

¥ 3.2 Various Complexity CABAC Z§A] BD—-BR9 =7}

BD-BR increase

Resolution Sequence High Mid Low
RaceHorses 0.36% 0.50% 2.75%
480p BQMall 0.39% 0.56% 4.37%
PartyScene 0.62% 0.70% 3.78%
BasketBallDrill 0.37% 0.45% 3.37%
ParkScene 0.42% 0.55% 3.42%
1080p Cactus 0.29% 0.53% 4.09%
BQTerrace -0.24% -0.17% 0.94%
BasketBallDrive 0.02% 0.08% 6.99%
Average 0.28% 0.40% 3.72%

3.2.3 Low—complexity CABAC for HEVC

oA 2" A 7FH BFEe CABAC % Low-—complexity
o

CABAC CABACY 7]¥ HAS AAA &7

a8y, e HEF{ES CABACH #Hlsl RD A3t =7 wiel,
HEVCel St d5& A7 We Aldatazt gio

A R & A% AA CABACOIAME bypassed path@ a7
ol ggetAl N, 9 dAste] FEek o FHo] shedtrh 7 ORMAR,

P

O

RSJanf[icance Map 9/] 75]'?* XC_}QE% %017] ‘ﬂéﬂ HEVC?/] E-XOL% ]ﬂ'og
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sty HEVCE theFst 2712 DCTE Awsh7] witel, DCT Z7] M=
HAol A}E FE= weighting factor7} ©E = vk oty 19
3.4(a)> 32x32 DCTel disted, AA Rsgnisicance vap & XHEE B},
718 weighting factorg A€ Rsgnpicance map = yH2E T A

AFE RolFy 91, 19 3.4(h)= A ZL weighting factor® 2 83t

‘

O

-

o7 3 A3 AyE HAF Qrt ANEE

=
RSzgm'ﬁcance Map = Y

Welghtmg factor% _—1%{5}4% U’Hy }\E]Xﬂ RSLgfm'[icance Map oﬂ E—E} 7}7]}%@%

PN
NZH o HAT 4 k.

1200 - 1200 4

1000 4 " : 1000 A
. ) ”. .

w w
= p
F 800 7 800 -
2 B
Esoo E 600 -
7 400 7 400 -
m m
200 - NZ + ]_5>-<NS 200
0 0
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
Real bits Real bits
(@) (b)

1% 3.4 Significance Map®l] 3t XA Bits® = Bits99 #A: (a) 32x32
DCTell o]d ¥ ALA] (b) 32x32 DCTel &34 4 A LA

olglst WtAlog DCT =7] ME y=x o] 3 errord H43}

R

9l= weighting factorE AdA o7 39 on, o] Ado= Class C

o

3

o] %Wk 20 frame? encoding ZA¥7} B4 AEE olEHITH

0,
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olgdA A& X DCT A7]*H weighting factor+= 21 (3—12)° A& ¥ A},

Rsignificance map = 0.5X N, + 1.2 X Ns  for 32X32 (3—12)
= 05X N, +1.5 X Ny forl6xX16

N, +1.3 X Ni for 8X8

=N, +1.2 X N for 4 x4

FOR, R ° BAFEE FF A7I7] A8, ol Il o]
coefficient levelell @& B A bitsE A =3, 7E
A9 A4 coefficient levele] 5 o] w, o] =#qle] CABACY
Ads AREE] diwel, ASHoR Hus AXe I ddE

Agerr) we] A FEA Bt AXA A oF olfw, B

oSt olde T A¥ 2k Az A (3-13)

ry

if (Levelys <=1) Rieper = 0; (3—-13)
else if ( Levelys <= 2) Ripper = 25
else if( Levelyys <= 3) Ripver = 5
else if ( Levelys <= 4) Rioves = 5
else if ( Levely,s <= 5) Rippes = 6;

else if ( Levelyps <= 15) Rievey = 0.4X Levely + 6;
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else if( Levelys <= 90) Ripvey = 0.14X Levelys + 9;
else if ( Levely,s <= 200) Rioves = 0.03X Levelys + 20;

else Kroper = 0.008 X Levelys + 25;
ol%el duYFE AL3te], RD AstE FAsto] ofdl Hel|l RolFa
Aot 719 HHo| 9% BD-BRE F7H7F Hit 3.71%°l W], A=

Aerd W e 93 BD-BRO 7= H 2.40% = M}

¥ 3.3 Original 3 Modified Low complexity CABAC % -&A] BD—BRY]

S7F vl
Resolution Original Method Modified Method
480p 3.86% 2.35%
1080p 3.57% 2.45%
Average 3.71% 2.40%

A2 AFE low—complexity CABACS N,, N, 181 Levelys & Al
7HA1 9] Fhs &85k BitsE o5gtuh e, o] AZEA] Fhel A 8H =
weighting factorEe] EYF AdAR oz AHa|x]7] wEo, HZA2 s
2717 f4A ek ol¥d olfE ¥ =EelMdE, N, 2% BitsE
o] =3} low—complexity CABACE A|¢tstar A} gt}

ol & Yo7 2 quantized transform coefficients® E54&

OAl 1 EES gtrd. thH- 9 quantized transform coefficients<=

0ol 7FZ3l, non—zero quantized transform coefficients 9] A% 71
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A717F AR &b A, N, 9 Levelys & %9 A#AAAES zHA H)
ol ot I1¥ 35@E Eal AFAer AT F U o] IdHelA
x% Ny & YWEHH, vyH5& N, o t8H e Levelys & B #ts
vetdith, 79 350 M= N, o Nl dless Ed N o dAE

S HAF & Utk ofd ¥

BT Gld, oi/E Wi

35 9 AgHAd AFozFEH, AGB-1DE MEE FHvE

—

K(Wp)e AHEst] 4 (3-14) 8 #Zo] 4% & Qv W &

Transform® =715 YeRL}

Restiman'on = K(WTR) X Ns (3 - 14)

1800 450

1600 " 400
|
% 1400 350
N
E, 1200 =' 300
3 1000 w ' :’%‘1 250 Va
AN —_
:-jw 800 e g 200 7
5600 M <C 150
3: 400 100
200 50
0 = 0 M e e

0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
N, N,
(@) (b)

Y 35 @ M ¢ dEHE HHE Levely, (b) M & ¥ E= HF N,

K(Wrp) = A743st7] $1@l, 480p 974 =9 20 frame® A37t &4

dolg 2 olg¥ler, I¥ 3.62 o wE AF Ane dRE

—

Ao RelFR itk 19 369 xFES N, 2 Ushii, yEe

32x32 DCToll thallA] AA 283k H4t bitse F= vebdt). o]elsh
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A AyE vfg o2 K(Wpw)S 32x32, 16x16, 8x8, 4x4 DCT ol

Zyzte] tjell, 4.31, 4.63, 5.5, 5.13°. 2 A3},

3500 +
3000 +
2500 -+
2000 -+

1500 -

Average Real Bits

1000 -

500 -

0 100 200 300 400 500 600
Ns

700

I% 3.6 N; 8} 32x32 DCTol| thst A B+ Bitsste] #A

N low—complexity CABACS AeS H7}sH7]

<, 43—

12)¢F 2(3-13)& ZA g3t low—complexity CABAC¥ RD A3t=

=

sl @k}, ot

N, Method' & 3¥7]89 3, 2(3-12)9 A ((3-13)<

3.4 4 NAFS] low—complexity CABACS ‘Only

AL3t low—

hs

complexity CABACS ‘Modified Method'® X%7]38t9ith. Only N,

Method &+ 3+ 1.92% BD-BRS <7F& Heoli= d RHESE|, Modified
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Method& 1 2.40% BD-BRE F7F& HRIth Only N, Methodd]
BD-BR®| ZF7}7F tha #A|gk, 21 #pol= A4 4tk ¥, Only N
Method i+ weighting factorgE AdHo=z F317]7} Hu} fo]sfal,
o]F Aty <aglFelA RDO dAbs AA Fole T3 WA
oz ARgHE. oyt o]fFE, ¥ = = Only N, Method&

HEVCE 4¢3t Low—Complexity CABAC®E A}g3}7] % 3t}

% 3.4 Only N; Method®} Modified Method &&A] BD—BRY] F7} v]aL

Resolution | Modified Method Only Ns Method
480p 2.35% 1.84%
1080p 2.45% 2.00%

Average 2.40% 1.92%
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3.3 Advanced Simplified SSE & CABAC

3.3.1 Threshold Algorithm

dug]FS A7l Ydl, m x m (= n) 712 transformel tf3f,
Simplified SSES A G-15)AF thAl A7|2 vk ¢4, il
quantized transform coefficients’7} 021 A5 AZtsjiEz. o)A
A= F'l1 ~Fn & tjif-&o] 0% A-+& ulst= Zlol7] wlol, SSE'<
A (3-16)8 SSE'= ZARd 4 QM SSE'= Fub G elA ]
ANUAE oulstar, oA BAHA wep Fa5 For e oyA =
F Gl oA gt FEofop sttt webA, SSE'v= 2 (3-17) ¢
SSR (Sum of Squared Residuals)¥ #2 kS 24 dvh. uhA,

tfF%° quantized transform coefficients”7} 091 Aol oA,

SSE+ SSRZ thA] & 47} Atk

SSE' = (FI-F1)7+ ... + (Fn— Fn)? (3—15)
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SSE" = FIFP+.... + Fr’ (3-16)

SSR = RIFPH+.. + R’ (3—-17)

) FE22  quantized transform coefficients?7} 021#] o}ldAE
glst= AALE westetr] s, # =wddAeE Hd OSSR (=

SSR/n) & AH&st7|&2 &Fal, SSRuy, & FE718H]1E 3t SSRueE 7314
n)g] As]A  threshold®Wt} 2o ofFE2 quantized transform
coefficients”7} 0°.= #astr|2 k3, o] uwek SSEE SSR=Z
A ko), =3k, 59 quantized transform coefficients7} 091 72 ¢
A E = Bits7F A9 71 wWiel, 08w Aer|E stk ol
daelE2 ot A (3-18)el g7k o Atk SSRuo0l " G
threshold®t} & ZA-fol=, A2 RDO #4& AAA Aitd
SSE®} BitsE AFE-37]=2 str}. o] w, QP w2} quantized transform

coefficients® 7|7} @2t 7] wj&Foll, threshold E3F QP F&5%+=

=

%, Threshold(QP)® ¥7]8}7]% 3t} Threshold(QP) ¢ ke

E gArE 9Aox BD-BR =717} 1.0% m|qto] 55 AEE

d

ot A EAY. 2 =welMe ol Alkd &ae]E S Threshold

Algorithm© 2 % o] stt}.

if (SSR,. < Threshold (QP)) (3—-18)
SSE = SSR; Bits = 0;

else
SSE = I S- RSI'% Bits = output of CABAC;
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Threshold(QP) = EHIAE <AteA BD-BRC =717} 1.0% w]vlo)

=2 AS A O
a7 1 —

i
oX,
ol
O
4%
o

olz1gt  Threshold(QP) & 283},

RDOE 32 4%, oFdf %

w

SolA BZo] BD-BR & 7= Hat

0.31%% "% &2 FEds & F Utk

¥ 3.5 Threshold Algorithm Z-§A] BD—BRY 7} v|m

Resolution Sequence BD-BR increase

RaceHorses 0.52%
BQMall 0.34%

480p
PartyScene 0.04%
BasketBallDrill 0.33%
ParkScene 0.32%
1080p Cactus 0.01%
BQTerrace 0.27%
BasketBallDrive 0.73%
Average 0.32%

2 4 9t &, else A SSEE UA Actd
Simplified SSE (SSEN= wiAlE < 3laL, Bits= 3.2 AAelA Aqtd
AZFA J3ree] CABACe] o8 diAld &+ SQlth o3y x=goew
RDOZ 408 749, olgl ¥ 3.6% L& RD AsE 4& 4 9k
Simplified SSE¢} High =+ Medium complexity CABCZE Threshold

Method®} ZAEAZ A9 Threshold Method® 2 L3-S wjo] H3
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BD—-BR® Z7}7} wmv]3tal, Low—complexity CABACS ZATA7]&=
79 Low—complexity CABACe®l 2]3 BD—BRQ| F7}&o] tlal#A,

Bt 2.29%° BD-BRE| T7H& Holal it

¥ 3.6 Threshold Algorithm, Simplified SSE, Various Complexity CABAC
Z&A] BD-BRY F7H|1

BD-BR increase
Options 480p 1080p Average
Real SSE +CABAC 0.27% 0.35% 0.31%
Simplified SSE + High CABAC 0.37% 0.14% 0.26%
Simplified SSE + Mid CABAC 0.47% 0.26% 0.37%
Simplified SSE + Low CABAC 2.31% 2.26% 2.29%

dA AalX Threshold(QP) o] gkol F7FstAl =W, Aeks= DCTO

R
o
kr

Z7FsA W RDA 8L A% ZS718HA © ). Threshold (QP) 3t9)

'
b
2

T =olEs AR RD A sk trade—off ¥AIS w4 8H]

do,
ol

1, A3 A Threshold( QP)E 7Fox T #](x2), A ®((x3)<

_O|L
=
o

7y Ao dsiA AgEE DCTS Hl&¥ RD Asts

I
o

stolar ofel ¥ 3.7¢ FEAISAT AFEE DCTY v&e QP
Gakel wh ghol 2Elx7] wite] FF@e AMEESIth Class B
(1920x1080) 44+ 4709} Class C (832x480) 974 4705 AHEH At}
Threshold(QP) ¢ gtol F7ket= Zlell wlelgte] Ags= DCTS

w3 RDAGIS] ARE w2s] 788 sd 4 vk mepd, RD
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Asts: HAslel7] fl8iA= Threshold(QP) 9 #s e FFo=

FAslof wet.

0.2 e

Average BDER (%)
[ e
AN
Average Slap Ratio
N
N

=l 2 =3 zl =2 =3
Threshold Level Threshold Lewvel

13 3.7 Threshold Level ®3}e]] w}& H# BD—BR increase 9 Skip Ratio
3.3.2 Simplified SSE & CABAC without Transform

okx] Alet¥l Threshold algorithme DCTE A& 4+ = WHS

RojFa gloy, DCT7F A= nl&o] 43 QP s 2
£

Aegkst = Qe WS AdtstaAl shoh dagFe Aoks §d,
Threshold algorithm®] 2] (3—18)& TtHA|

X
&, else AT Ny= if TAFS N, Bt} gjA =



7oA 2l SSEC FeAE if XelA el SSERU FoEA
mEbA], else Z7EOAAL SSEel diE] ®Hth s dest Ves
Agett eteets=, RD Adte A&7k AA AslAA ods F e
532 7 Atk 2 (3-16) ¢ SSE"= Threshold(QP) 7} F713kell whet
W= A ®oh 28y, A4 SSE+ quantization errore]”] wiiE-ol, QP

step?] Z7lel & Adto] A|gtELE 1#E®, SSE"o] F7FEh &%,

o

AA SSE7F AL FUHA ¢ A7 wAskAl "ok o] A
183}, else ZAFY SSE+= t33 #o] Threshold(QP)Z® %3 ¥

SSE"®E tjAe7 = g

SSE” = Threshold (QP) X n (3—-19)

o1Fe] melol

HAAAE Fs] e, TA okele B 43—

204§ F3r WAl dugss AAsta, o dagFel 9F RD

fol

cost®} AA RD costE HlW3ZIZ stt}. F3F @AY dagFolk
¥d3 olf+= DCTE 3¢ 2£ow CABACY inputel] d3Fse=
quantized transform coefficients7} EA3FA] 7] wjFE,

g SO A= else HEQ Bitsel] tfsl tfE wWHo] H o3}

if (SSR,y, < Threshold(QP)) (3—20)
SSE = SSR; Bits = 0;

else
SSE" = Threshold (QP) Xn; Bits = output of CABAC

obe 1™ T dAY dudEs AE&Fe wel, 24 Real RD

2] & o)) &)

11



costE x5 dl1 Estimated RD costE yFO& 3Fo], 32x32 DCTol

st A3 A2 ey 9ot if 2R A= Estimated RD cost7}

_—

Real RD costel H]3} 2kt & Wk, else 2T 4+ Estimated RD

cost’} Real RD costel H]3] ¢Fzt 2o}, g8y, dA|Hoz s o),

. — > o [e}ie) =)- = 2~
Estimated RD cost7} y=x% FA4AS & =21 55 ##2d &
o
=

45000
40000 y—x
35000
-
[77]
8 30000
=
25000
o
—
3 20000
=
2 15000
]
10000
5000
0 . . . . .
0 10000 20000 30000 40000 50000

Real RDO cost

19 3.8 21(3—20) A LA], Real RD cost$} Estimated RD cost®] #A|

N
tlo

obel E 372 AB-20M RelFE FR WAl dugF

2485 we] BD-BR 57FE Threshold algorithme 2£3 S o

o

015 o}
=

wate] ®olFw vk 1 E7} A E7F Threshold algorithm<
&

olt+'

$e wel ws) FASEAR o3 v 5

ey
it
+

=

. ]



A, else 2712 SSEE 2 (3-19) & tiAlgh= Z10] RD Aste| =

3 % 5 glrk

3

tlo
tlo

4 %

o2

¥ 3.7 Threshold Algorithm$} 2} (3—20)2] ¢x18]&2 BD-BRY 7} vHlw

Resolution Threhold Method (20)'s Algorithm
480p 0.27% 031%
1080p 0.35% 0.90%

Average 0.31% 0.61%

o dZd vk WA, N& 5T § oW, Bitsk ¢F0]
7Vs8kA @k Transforme 84 @3, N

ZxpA)zo 3 SADE SADE %7183l SAD 8 Ny #AS
WAkt gtk gEA o2 SADZE & AP AlsE SAD7E A2 Zhab
AsEg &gl NE ZA "ok olgd fF e APl oA
shlstar otel] 19 3.9¢) 2 A¥E HEUTH xF& SAD T vHS
Ny & Yetda sler, F 71 A7 s da b8 dAE
et e A= 24N SADes 7F S7FEAl wEbd N S7HsEE
sheldh & vk, 19 9] "approximation"C 2 ®7]¥ A2 AP dHE 9}

FAAY 275 HAIEE, V277 g o H Aol
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1200

1000

approximation

0 10000 20000 30000 40000 50000 60000 70000

SAD res

1% 3.9 N 9 SAD8 #A

o]y g, 7]&7]& QP9 DCTO A7lel uhet debx|7] witel, 71&7]&
QP& Wi o 554 slope(QP, Wrp) 02 BHFHL o] 7|7+
Class C9 ®E Aol Zub 20 frameso| th3t FAXZ AUt
otg] ¥ 3.8 AA Ayl AHEE slope(QP,Wrp)E YERL Sth.
ojel A¥E vtgoZ Ng ¢ Bits o tigh o522 2 (3-21)9 (3—

22) Ay xdH

¥ 3.8 QP9 W& slope(QP,Wg)

WTR 32 WTR 16 WTR§ WTR 4
QP22 0.044 0.044 0.042 0.042
QP27 0.022 0.022 0.020 0.030
QP32 0.013 0.013 0.014 0.017
QP37 0.008 0.008 0.007 0.009
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N. = slope (QP, Wrr) X SAD,.s (3—-21)

Bits = K(Wrr) X slope (QP, Wrr) X SADjes (3—22)

Threshold Algorithmel]l 21(3-19)¢ A (3-22)& ZAL3 HFE
duglES A@B-20)AF AeE 7 Uk & =AM E o] daugEsE

"Simplified SSE and CABAC without Transform”"® ¥7]3}=% 3tt}.

if (SSR,y < Threshold (QP, Wrr)) (3—24)
SSE = SSR; Bits = 0;

else
SSE = Threshold(QP, Wtg) X n;
Bits = K(Wtr) X slope (QP, Wrr) X SAD,.q;

M 27hE A ™, HEVCAM = vhdet 719 DCTE AleFC=A,
"Simplified SSE and CABAC without Transform”"E DCTS Z7] H=
g & Svh ofdll & 3.9¢ ol ¢udEs DCT A7 ¥H=
4314 Inter mode®t Intra modeel #8323 wje] BD-BRE 7=
HolF1 Qv %9 Zde A= DCTE 9wzt & =

Inter 32+ Inter mode®| 32x32 DCTE A=stal, vwx] DCTe
gsids fegie] RDO #4845 TS 2wttt “Inter/Intra all’
£ DCTE AZFIUSFS omsth. ZE DCTol A43S wel BD-
BRE T7h= e 13.14%% A9s] 3= ¢ 5 Aok wEhA,

A or ALsr] YarE Fojs= Ak tib], BD-BRY =717}t
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22 DCT =7]el Aoz Agsof .

¥ 3.9 Simplified SSE and CABAC without Transform? DCTHE Z$£A] BD—

BR9] F7t
BD-BR Increase

Skipped DCT 480p 1080p Average
Inter 32 2.34% 2.68% 2.51%
Inter 32, 16 5.05% 6.75% 2.95%
Inter 32, 16, 8 8.73% 10.81% 9.77%
Inter all 8.74% 10.82% 9.78%
Inter all + Intra 32,16 10.65% 12.40% 11.53%
Inter all + Intra 32, 16, 8 11.58% 13.20% 12.39%
Inter all + Intra all 12.59% 13.68% 13.14%
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3.4 Evaluation

ol AAMoM= ol AM7A AJfE vhekst Simplified RDO

7]

i

‘

ol AAH7A el dudElE Ades Hristrl f1d AAE®E RD AskeE
Luma data°l¥t Simplified RDOE A& uwe] Ayolr}, o)A

Ao = Luma 9 olygt Chroma dataol® % 8€3te] BD—BRZ

S8 FZole dAFE AASkRAL  encoding TR AIRME
SAskela, dudss AEA A& o2 encoding ARt

Hlg dvly S ESJ=AE BAS T o] AdE $8, RDOQ+
on®] 1 low—delay configuration®] AF£% %S, Transform depth=

12 2853,

E 3.10 EolE AT RD A3t 54& A% AF9 Simplified RDO 7]

=g
Condition S“‘épshéled L"Wéi%“fg”y iﬁgiﬁgjﬁ 32TR 16TR  8TR  4TR
#1 On Off off 0 0 0 )
#2 On On off 0 0 0 0
#3 On On off X 0 0 0
#4 On On off X 0 0 X
#5 On On off X X 0 X
#6 On On off X X X X
#7 On On On 0 0 0 0
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e # 3.10 =& AT RD A FHS S A¥EE )
98 o3t Simplified RDO 7]&59 %3S 87HAE  UrolA
Bolg=a1 9t} Simplified SSE& 2] (3=7) ¢l 98] SSEE A&53t: A<

ow)&ta, Low—Complexity CABACE 21 (3—14)°] BitsE =3t

P
o

oulstc},  “X"o] om|l:= | EE=  transformS AT
olmjo]ar, "O"= AeFshA] Atk gulolt}, 32x32 transform@] Aol
& transformel H]3] AAS 71 Hol] FolH, Foj& AAF U]
RD Asle= A #e& #Holrh. 1ix], Condition 3914 32x32
transform< AE3Y 3, 7 thS Condition 494 4x4 transform=
Adgst AL H=g o] foAoltt. Atid o= 16x16 ¥ 8x8
transform®] Aol Foj& <AAF W] RD Asrt & ol
Condition 7& Threshold Algorithm= # €318 7-$-o]t},

obgl 19 3.102 ¥ 3.10% WS A3 AdE yehdeE o=,

==

x%F2 encoding FIAIS yHS BD-BR <715 yeERIT. Condition

5, 6 o] H]3] Condition 1, 2, 3, 47} A8 o= BD-BRS Z7}H7}

L
o
(e
>
¥
o2
>
=
O
[
X
)

Aol BSES Bl webA, Condition 3
T 4 7F QRS 34 FoldA RD AstE HAdshs AgdS &
4= 9lt}. Condition 3914 BD-BR®| S7F= 5.13%°]1 A 7.1%
Askar, Condition 4014 BD—BRE] F7k= 5.93%°]1L 3 A 7H2 7.8%
c}.

719 3.11 Condition 4°l A7HA] H35=9] CABACE #8323 W2

N

b

[

Aol 3o LMH + 77z} High, Medium, Low complexity
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EASTE, 5357 A-S4E BD-BRol #Ashd, AaEE
A Folx AFS HAY TYER, Hxde AT
Asts 71Fo® 54 5549 CABACS AEstd ot

16

14

1z

10

BD-BR(%)

86

T 1
o4 100

Encoding Time

T T T
88 20 92

13 3.10 ©heFst Simplified RDO 714 23] W& 43 A|7+7 BD-BRY)

BD-BR (%)

2% 3.11 Condition 4] A7}

=0

52

93
Encoding Time

B3

CABACE A43 A3d47
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Al 4 & Zero Block Detection

4.1 Extension of H.264/AVC Zero Block Detection
for HEVC

o AAelx= HEVCelAel ZBO 543 24 A4S EAstus
<J4= i A= Tk
AT-[20]15 &gate] HEVCOl 2 &8s szt

o

LA, H.264/AVCe] thHal ZB detections A|erdk

4.1.1 Characteristics of the zero blocks in HEVC

HEVCeA+= 7]8A OS2 HXE quantized transform coefficients”}
0d uf, sld E52 ZBO 2 encoding®t}l. T3+ non—zero quantized
transform coefficients”7} £Astdete, dd S5 ZBE 7T
2] RD cost’} non—zero quantized transform coefficients=

719F0 2 AlAtE RD cost®.th 2o ZBO 2 encoding ¥ th.

|
g

obel ¥ 4.18 HEVCOlAQ ZB A4 #H}4HS HoFi Ut}

(e
2,
i

= Y8 BE=29] B E quantized transform coefficients7} 0J A&

rﬂ-Q_lk 7%;/(1?_ 73%, RD COSt% H]ﬂ% -{[\—83:6]—7-“ %E]' COS[nonnull %
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DCT/Q2 A¥E 7|vte g AAld RD costE 2om|3tt}, o9} EA o,
EE  quantized transform coefficientsE AAZE  0°0%E 5o

bitstream= WAAI7]A] &

Fri

= @ o o oy AA Ass
Z1vro &2 AAFE RD costE Costyy = XE7]8tth oldl Aol A=
FA&st coefficientso] ®AY3ste]  distortiono] FAl S7FE = S
ot 18y, o]y st Al quantized transform coefficientsoll gt
bitstreamE LAAIZ]A] &7] wEel, A3A 2 RD cost: A vHE
T Ao wElbA, dld EE=9°] non—zero quantized transform
coefficients& Zt=vtal = ol A (4-1)= ®=Hetd, RD Aol

e das A 5 A Ao

COanun < COStnonnuH (4_1)

No non-zero
quantized
coefficients?

No NonZero
Block

Costyy <
COStnonnuII ?

Genuine Zero Pseudo Zero
Block Block

1% 4.1 HEVCIA 9 ZB 23 #3

oAl A(4-De WEHeL Lm

flo

a9 41904 F i 2UES
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uEsl= ZBO 2 PZBe| ddsbA @l
H.264/AVCE #2 37|19 EZof thafA thFE2 ZBo] GZBe]”]
uj Fof, o]# 3t GZB9 PZB2 o] FQo3HA] ¢ttt a1y, HEVCY

Z A719 EFo) dsiA PZBO EdRIETE AA S7FskAl "ok o] st

2, PZBel g8t A& »mE ZBO A AL Y =

2}
to
z

[e)
o
Qs o & 9ty oy % 4.1 AA ZB uv] PZBS w®

o
o

It

AAsta ok o] 2E Fll, &5°] FFF 1dal QP7F AeT
730

kel

4.1 AA ZB fi¥] PZB9 H]&

Sequence | DCT QP22 QP27 QP32 QP37
4x4 6.1% 4.4% 3.0% 1.8%
BQMall 8x8 13.2% 9.8% 6.8% 4.2%
(480P) 16x16 | 22.4% 17.4% 13.4% | 10.4%
32x32 | 309% | 27.0% | 21.5% | 18.7%
4x4 13.3% 6.2% 2.0% 0.7%
BQTerrace | 8x8 40.1% | 20.9% 7.2% 2.4%

(1080P) | 16x16 | 66.4% | 41.9% | 18.6% 7.4%
32x32 | 90.9% | 74.6% | 41.8% | 18.6%
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4.1.2 ZB detection by an extension of the H.264/AVC algorithm

o] AAMox= AT [4]o4] AetH ZB detection ¥1E]&LS 7FeEEs]
e dast HFS
reketr] fel, 4x4 Bl ARt bR 3, AE dagEs
o 3f 4]
transform® ZA¥7}F 7B

2708k, HEVCel #8317

8x8, 16x16,

32x32 o4

Hadamard detection®]]

, 71 ol 4x4 DCTEQ basis function®} 4x4 Hadamard

wol},

transform®] basis function®| "j-¢- -F-A}8}7]

Yy = CXC' < 7 =HXH! (4—-2)

2 (4-2)olA, KX\ T dld ¥HQ transpose & X7|st31, X&

4x4 FAAZE, d4d C9 HE 242 DCTS Hadamard transform

che} 4 (4-3) 3

H= 0

Y-S ou|stt H.264/AVCe &g BH

T w
711;]_.
Co 1111 HO 1111
Cl 21 -1 22 Hl 11 -1 -1
= = H= - 4-3
C=l o 11 H2 taa | WY
a3 122 -1 H3 1-11 -1

He] basis function HO®F H2+= C2 basis function CO0%F C29

g 5 ootk webA,

FYst, Y4mA basis functionEX H]zslthal



vl Gl o gk zOIGTel @3t fAkskAl ot o] dagFeAs
THper [QPI [ 1 & ZB detectiong 93 FoIzl A (G,)) 2 QPel
gt threshold® Attt =, EE Gl oA vl 17}
THper [QPI L [ ET  Zrod ZBo]  Hojof sty AT [20] oA =
THy[QP] [1[/] & Hadamard transforme] ™3t threshold® %73kl

THper [QPI [0 [0 = A7 3t

THu[QPI [ [/ = THper [QP1[A10] 75 € [0,3] (4—4)

A+[20]+= Hadamard coefficient?! z[il [[1 7F THy[QP] [/ [/] 2.t}
o oo g%+ quantized DCT coefficient”7} 0¢] & Aol
7}t webA, ®E Hadamard coefficient”} THy[QP] [ [ Htt

Ztod, et 4x4 B DCT/Q B olde ZBo=x HETS F

A-[20]¢] HEVCel st A&  ztdsir. HEVCE  basis
function®] scaling 245 #jAlstd H.264/AVCE basis function®l
ale] ozt EEbou Al wista, oxs] DCTE COo¢k C2a
Hadamard transform® HO® H2et ok 282 =2, AF[20] A
AQtE  threshold WS HEVCelAME A go] 7hestrh. 2
HEVCS9] quantization 7ol ot th=27] wjfof A (4—4) oA ndH
threshold?] #k& HEVCel #AE&3at7] Slaid= ofxte] 4 Aol

g3k}, ofd) A (4-5) ¢ 2 (4—-6)2 HEVCS quantization process=
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b

dstal lar, A (4-7), A (4-8) 1¥a 24 (4-9)+= HEVCel A3et

threshold #<S Zojll+= S AwWsta v, HEVCE quantization

PG A (4-5)ef s TH QT
QC = (C X mult + offset) / 2 shift (4-5)
o] Ao QC 2} Cx= ZH7Z} quantized coefficient?} DCT coefficient®E

omlstt}y, w3, HEVCANAM S mult, offset 1813l shift oS3 7]
2 (4-6)H ¥ FeolHt,

shift = Q_SHIFT+D_RANGE+ /Per— BitDepth— w (4—6)
offset = 85 % 2" (shift—9) for non—I slice

171 % 2" (shift—=9) for I slice
mult = Q_Array [/Reml]

AU=6)°1A, z = HE2 tad go] 24 QSHIFT=14,
D_RANGE=15, iPer = QP/6, w = log> (( DCT width)), iRem = QP%6
and Q_Array ={26214, 23302, 20560, 18396, 16384, 14564}.
BitDepth & pixel& X&3s= bite] A7IE  YERdE A,
HEVCelA & 7|&4ox 8% AT offset & =2 shift & T3
slice EFol 98] AAAG. A9 fFES ZBE= non—I slicedl
57 wWEol, ¥ =Fo]A = non—I sliced] offset 7t tFFE= St}
H.264/AVCM = mult © #4°] coefficiente] $1Ao] we} & e
AR HEVCelA = coefficient®] 91X 2d3glol mult ©) Fhol 2th
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B dEgs A Ao

[e]

meba], QCE 24 QP Wper (DCTE =7]) <l

°l9]9] ZB& EE quantized transform coefficients7} 00]7] uwj&of,

ol AU-7F ZL FeAS WA "t

QRC = (C X mult + offset) /2 shift < 1 4-=7)

S A AsA AuiAstA A (4-8) 3 o] €Tk

A 4=7)9 FHH} RS

C < (27shift - offset)/mult (4—8)

g ER, HEVCe] g5 NS threshold?) e
THper [QP] [Wperl 2 2715, 2] (4-9) 9 o] & w

THper [QP] [Wper]l = (27shift - offset)/mult (4-9)
Hadamard coefficientel] %83t

1 Y B HU-9=E5FH
threshold #<S X8t Zolth. 7|EAHSZ = 2 (4-4)¢F AT
HEVCe A+ DCT¢ Hadamard transform ©] unitary matri

Hitol olE HAs=

A

[e]
X }—L.E

W3] 93 normalization factor’b tHE7]
grol Badtth A (4-10) 149 me ®BAsE e s, me #
DCT?] =17]e] wha} g2t} DCT 32x32, 16x16, 8x8, 4x4ol & date
m2 > =AUE 8, 2, 1/2, 1/8°]t}.

THu[QP] [Wper] = THper [QP] [Wperl X m (4-10)
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0]2}9] thresholdE # €3t ZB detection ¢18&2 2 A 4-11)FH

#e xR wddH
if (NUMpadamara = 0) ZB =1 (4-11)

2 (4-=11) 1 NUMpadamara &= 21 (4—=10)142] threshold Xt}
Hadamard coefficients®] 7|55 vy, “ZB=1"2 4 SF0]
ZBoZ HEHIYE AS 7HAT A U-1DE Adgd dugss
H.264/AVC <agj5e HEVCE 2 wido®m 2 =FoMs A=
AQbeli= ZB detection ¢glFe &S H7I8t7] % reference®
AFE-shth, H.264/AVCOlM = 4x4 ¢F 8x8 719 transform E55
A D3R, 16x16 o]y 32x32 =719 transform &3S X Y3A+=
et webd, HEVCOAMR: 7]1E9 farelso] 4x4 ¢ 8x8 A7]9
5o maAd Zloleta ool ZhssARt, 16x16°v 32x32
a7zl EFeAME 71EY dagFe] adddA= EWskAzE v

ks, F F5e st @722l ZB detections 3 F7HAQl Z70]
=]
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4.2 Zero Block Detection for HEVC

o] MM A= HEVCO A3t Mz ZB detection ¥I1HFS

PZBE AZ&3l7] 93 =711E AQrstar, ZB detection? A4ke] Eav =
Zol= MY S AAEY, HETHoR o]yt AS FEse] HEVCY
= 2 28 ZB detection &ilg]Z&L A et}

4.2.1 GZB detection for 16x16 and 32x32 transforms

ol MH  AAME 16x163% 32x32 A9 EEo T

=

Z

oy

N
Mlo

detections A= 3y 7€ dugEe HEVCE &4 #A

16x167} 32x32 &% A 7] W3¢t Hadamard transform =3 3ljoF s},

gy, & EEo i3 Hadamard transform® A4S E3 5= 4x4u)
8x8ell Hl&l wl-¢ A3, FME AgoA+= slld =714 Hadamard
transform = FdsHA] &7] wEel, olE T F7IE FaEoF 1]
uZofl, A F7HE diskA Bvh kA AEEHId AAH, 4x4
T 8x8 A7]¢ Hadamard transform©] FME Z}d oA o]n] 43 ¥ 7]

e, i 2718 EFe daide F7F dAatgol e i olgt
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Blw3hd, 16x163 32x32 E& =7]o] W3t Hadamard transform

FPor Qs AuFd AAES S wlg =] diEel, ZB
detection® A7+ EHZFel RDO A4l a8l 7hHhe] AEEH

o

des ¢ & Stk weEbd, 16x16% 32x32 BF A7l diw

Hadamard transform <3g dstdAMdE, E4 Fago Ayx7}

Zelx) @Al of¥E FAT £ 9lE Wio] Agksolel EdHow
A~

RDO?| dAAMFS 7t

8 [
4x4 Hadamard transform for32x 32

—

: DCHadamard coefficient
I3 4.2 32x32 block?) ZB detectiong® 93t 8x8 Hadamard DC coefficients®

0] 0]l 4x4 Hadamard trasnform

32x32 Hadamard coefficients?} &4 Fa¢ AHEOZ ZgXA
A=AE d=st7] Y, 16709 8x8 Hadamard transform® DC

coefficientsS &g3l7]2 3t} 18 4.2+ 32x327} 8x8 7|9 4x4

-

du= B BTl k. Zh7he) 8x8 % 9] EA e

iz
1
o
it
Mz

%
ol
_O‘L
rlr
1
M

o] &l 8x8 Hadamard transform® DC coefficient=
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tetH, o]d DC coefficientsihs i Co® 4x4 &35 TATH
olgdA FAH 4x4 EF] t)dlA], Hadamard transform= <33},
39 @829 4x4 Hadamard coefficients® T ETt & =&FoA =,
TES 93l ©]E DC Hadamard transform©® @ ¥7|3}%=% 3t} 8x8
Hadamard transform® DC coefficiente 8x8 2k 2139 &
olmstr] wZel, DC Hadamard transform< 32x32 Hadamard
transform® A 53 A& 4x4E A&sts Aola, A= 32x32 DCTE
AT A 4x4e] digt destE wAde Aysta B o5 itk
HFH o=, DC Hadamard transformel 2]l AAME coefficients=°]
AHUA=100°M 32x32 =714 W] THulQP] [Wperl b 22 A&
HAEsH, &9 32x32 &350l ZB AAE HAEZE F7F vk DC
Hadamard transformel] 2J& F7l5 & AAbsFo] =#] @k7] diel,

ad o7 RDOY AAxEHS = = A} 16x169 H$+= 8x8 A7]9

o

2x2% Haduu, EE wWrloz 2x2 DC coefficientE® AAFFe],
TH[QP] [Wperl 9 BILE S 39 16x16 E5°] ZB JIAE HAEE
7t ATt

ol el AdwE 16x163 32x32 EFe| Uit ZB detection
guelEd 7|EY daudgEe FolA Adeskd A (4-12) 72 =4
bA=g

o]

e

if (NUMhadamard = 0 && DChradamara = 0) (4-12)
GZB =1
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A A E AAYH, NUMuagamara © 2 (4—10) o4 ] threshold XK.t} &
Hadamard coefficient®] 7H+& 9ujgtt. &5 st7] S8, &+ o
A8 Argstatd, o 7]1A A3E Hadamard coefficient= 16x16 ©]it}
32x32 Hadamard transformel 23t coefficient7} ot} &% 8x8
Hadamard transform &3l A4tE  coefficientE olw|gtr}.  whA,
DCradamara= 21 (4—10) 1A% threshold Xt} & DC Hadamard

coefficient?] 7W4E 9m3t}, DChudamarda & 16x16 TEE 32x329)

;ﬂ—zrﬁ} /\c_)]T't_L?_ 2x2 HEv 4x4 oﬂ q]%ﬂ 7] H:HT,‘:'_—OH’ "DChadamard:O"E
TAE F7F 248 16x169Y 32x32 Hadamard transform® # 3 3}
AEQ 2x2 TE 4x47F A (4-10)9 threshold AL W3S

RS 7k 3 "k

4.2.2 Relaxed conditions for PZB detection

d

A@-12)= 7€ dugss VINeR dAke ERES UE 7B
detection ¥¢1EFE AAlst Qlth 18y, o] daFFS GZBYHE
AEele® AAE dagFol7] witol, B2 49 PZBY HEs %
T gl glek ol& JHAdE] SlEiA, o] AE AAdelMs A 4-
10) oA threshold®t} £ Hadamard coefficient® 2t PZBS
AEsk7] 98, H(4-12)9 £3d& FA83. PZBE HEsH] A%
AMZL thresholdE 73t7] 984, threshold?] #h& WA 7]HA

2]

Jdot= A3o] 13wt AHEL threshold:=

ol

PZBel HAZ9 A&

o
I
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X APoR e RD Adts HasEtdAME Hogk RDO AAke
=4 7 e #oe= Ao, (ol did HAPe os AHde 149
4

o)A #eldk 4 9lth) o] AlEL  thresholde= 2 (4—10) A9

nllo

o

threshold®] 2u}¢] gto = HaFlaL, o= 2 (4-13)3} Zo] Fedrh

THi_pzs[QP] [Wper] = 2 x TH[QP] [Wper] (4-13)

21(4=13) A THupm[QPl [Wperl= PZB HEE st AER
thresholdgte WERAT. o]&st iA=L thresholdE IW=E A (4-
12)o] Agahd, 2 (4—-14) ¢ 22 2aFo] AP

if(NUMhadamard_xZ =0 && Dchadamard = O) (4_14)
PZB =1

NUMhadamard x2= 2 (4—13)9]  threshold Xt} £ Hadamard

flo

coefficients® 7S4S 9usit}. o]l 27AS U= F3shd, @

PZB7} #A=¥E 4 9oy, Non—-ZBS PzZBO® ZAAsE=  false

decision®] H]&o] FobA= B &o] QoA A (4-14) 9 F+ WA ==
& o A E sto], 2 (4—-15) 9 £ 2@ ES TSIt
if(NUMhadamard_xZ =0 && NUM4X4 = O) (4_15)

PZB =1

NUMy = 21(4-10)9] threshold®t} & 16x16 (EE 32x32) 9

A3 AR 4x4 Hadamard coefficient®] 7§<Fo]t}. 16x169] tialjA+=
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H3tEl 8x8 Hadamard transform® A2 #F3 AE 4x4 Hadamard
coefficientE AAFE 4 Q). 1dA, 16x16 Hadamard transform=

e Fadcl B qatel 212 Hue 5 T EE, 32x32

"

il

Zof tfaj A= NUMy 7} 4x4 DC Hadamard transform2} =< 3}7]
=, F7I2 7%= AFS Qi)

R=)

¥ 42 (4-12)9 4-15) 93 2AHH= PZBY GZBY AHA vl

PZB GZB

Sequence | QP | DCT (12) (15) (12) (15)
= 16x16 | 17% 83% 78% 22%

32x32 | 11% 89% 64% 37%

- 16x16 | 20% 80% 86% 14%

BQMall 32x32 | 18% 82% 72% 28%
(480p) . 16x16 | 22% 78% 91% 9%
32x32 | 19% 82% 82% 18%

37 16x16 | 24% 76% 94% 6%

32x32 | 22% 78% 87% 13%

s 16x16 | 19% 81% 85% 16%

32x32 | 22% 78% 81% 19%

- 16x16 | 18% 82% 88% 12%
BQTerrace 32x32 | 20% 80% 87% 13%
(1080p) . 16x16 | 28% 72% 92% 8%
32x32 | 27% 73% 84% 16%

37 16x16 | 40% 60% 96% 4%

32x32 | 35% 65% 90% 10%

A (4-12)8F A (4—-15)°] 23t ZB detection? == FelEl7)

e, F 4.2 ZB AEnlEol AAHI 3ok PZB 9 GZB 4&
Zkz} PZBOE GZBO] iz ]l 41 (4—-12) 9 2/ (4—15)°] o3t Aoz <l

Bl UERIaL, (2) 9 (5) = 47 AG-12)9 4 3U-

o
ey
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15) 9] 2ATE guidth. & 42004 FAT 5 9l%o], A 4-12)9
o] adHer GZBE AHFshsd W, PZBE HESHA Xetu

Atk olFA HEHA XF PZB A (4-15c°] gl AEHA €.

4.2.3 Further complexity reduction with SAD (or SATD) test

HEVCelAi= SAD (or SATD) 9] %t prediction I A AAH T
ek RDO Aol wlg] Aqkd greol s wle F7F A4k glel, SAD (or
SATD) 9] #e& 95 & Qlth o/ AMH AHA=, o] k& &83)o],
g E5o] ZBUA otd A& R e S ddystaat s
o]l SAD (or SATD)S Z8€3td ZB detection® <¢14te] HF=E

ayido=z o 4 St

RDO cost

140000

*
120000 r *

100000

SAD

o 1000 2000 Elai] 4000 lala] EDOO FOOD 2000 000 10000

¢+ Costnull = CoStnonnull

:.l% 4.3 32x32 blOCkoﬂ EH?J: SADEHH] COStnulljil' Costnonnullﬂ ‘TT‘?_"E
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°]& <93, HEVCelA PZBe A% #AH& tA HEE sirh. 149
4.1 yYehd ZAAY PZBE Costaa ¥ CosSthonnu 2l IS F 3l
AR 19 4.3 32x32 DCTel 8t Costam # Costaonnun 2l %2
5 HoFa gtk o] W xFL Ixlse SADE 7 AIth
Costyy < SAD7F S7hghel web wlg- FASA Frlske Wi,

M
b

Costommn & A= SAD Z7}8o) wel, Costumud =7F0 Zo)
o5 S ¢ F vk ZPlEE, SAD o] 5S4 Bt & Afels
Costan® Costaonnu BTF 7 AAA =H7] wiitel, g 85 ZBo]
4 Qo webA], SAD7} o] 5 gkrt Atk Ao
zdol = & i, o] @2 QPst DCTY

o]-u Hog oﬂ%

ot

)

Mo

ZB detections %8t A=
A7lel S W7l wiEel, UBsaplQPl [Wperl 2 37|t S ghth
SAD7} F7vetel wel, Costayn™ Costaonnu & 2FO] HEZE W27 #71t},
webs, iAo ® F SADY e Ad %o X ZBew AAH
4% RD Azt o F7ketAl "ok wEbA, UBsap[QP] [Wperl &

dgetA gsk=

Y
rlo

Zo RD AFES EREE s+ ZB detection ©l
o 4 Sl

UBsap [QP] [Wperl & A3H7] f38l, HEVCOA AFE%+= RD cost®
FEXMSES Stth. RD costs A5 9 AFA AlsE 7HEo 2 AAkd

SSEZ %%+ “Distortion” FF3 LA T = bitstream® bitsHFOZE

25+ "Rate"F-F O % o]Folx Sl
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Costyy = SSE.qi + A XBitsyu (4-16)

COStnonnull = ISSE‘nonnull + A XBI.tSnonull (4 -1 7)

21 (4=16) A SSE. 2 Bitsan < encoding® = residual data’7} $l+=
B=9 distortion?} bitsE WER L 131, REAHC, SSE onnn 2 BitSwonun
< encoding®+ residual data’} &= 552 distortion@} bitsE
YEtAY. Bits,u < zero CBFel ti& bits7} W E+= o2 I gho]
SSEy © vlsl w9 27] wief], 2t s 25 A8 Costu E T

@ol TAg} Bt

COSZLHUU = SSEnull (4_18)

COStnull 37’} COStnonnull E‘]':V]—Ei UBSAD [QP] [WDCT] "EE— jE__—‘LOi LH 7] _CH 6—H s

U= 22 Adsss 49 o},

off
ok

P

St original signals

RS reconstructed signals
P predicted signals

R: residual signals

KR reconstructed residual signals

SSEE FA43% RY RSE Ye HJU-19AHH R¥Y RREZ xFHo|
7} 8ttt
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SSE =1 S-RS II? (4-19)
=l (P+R)-(P+RR) 11> = || R—RR II°

Costy= encoding ¥+ residual data’} $17] wi&ol], RRY =EE&
HAxEo] 00 85 gusttt. waps, A (4-18) A2 Costyn <& TH
2 (4—-20) 3} o] xdH T}

Costyy = SSEwi= /RN =R, + ... +R,? (4—20)

Inter predictionol|Al WAet= diF-E9 A EEL I A7)17F wS-
Aok whek, Az o] A7 BF 03 1muE o] FojRuid, A (4-

2009 Costyy & B2 2 (4—21) 3} o] ®Fo] 71538}t

Costoai = (IR;] +..c.. #/R, /)X (|R;] +...... +/R,]) = SAD’  (4—21)

e, AARE 1R 2 A7E e A5E] EAY] uRe,
HU-2)BA B3 YT FE ek mebd, 0@ B NEES

B8] %k ClWperl & 2748k, tha A (4-22)9 #o] SAD®E

—

EAHE S 4T 5 Qh
Coston = SAD?/CIWperl (4-22)
ClWperl& DCT #Z7] &, Wper © we} 235 = gto=, Adxo=w

Tl F ok 32x32,16x16,8x8,4x4 DCTel| thate], ClWperl & A=,
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580, 148, 37, 17 & AAHJ}. ClWper] & #& WHEto] wE& ZB
detection 459 sensitivitys ©]5o] A3 Ayl A AAFESH
ity Aaprlow, 2(4-22)% Costyn © st ZAEES SADEW

ARH =S s 2 AN k.

rir

1 q—%ﬂ ‘T”]’Xégi% }’\‘}(4_17)ﬂ COStnonnull %‘ D]E] ?*—;':ﬂ‘ 931]\"
ez FA4E 5 YA FEs= Aotk DCTZF unitary matrix#hal
7Fgstd (oA el T+ D

e A (4-23) 7 o] wAH.

CT matrixs 3%718), CoStwonmu & SSE+

SSE = | T(R— RR)TT 112 (4—23)
= | T(RT'- TRRT"1I?
= || F-F 1I°?

2 (4-23)°14 ¢ Feo F& Z+Z forward I¥]31  backward

transform< vERATE HEVCS DCT7F &Aooz 493t unitary
matrixi= SFUATE ALl Z7] wFoll, 2 (4-23)¢ SSEe| gt A=
Al AR B Sk A (4-23)eA AA DCT matrix7}
AL unitary matrix 7} 7] 93 normalization factor?} i8] ¥ o]
ArtE]ojob k=], AW teFstE 918, normalization factors

PAH o w75 A,

flo
)
dlo
B
UM
o
=4
ol
i
)

COStnonnuH
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COStnonnuH = F-F I 2 (4_24)

=|F]-F]/|2+ .......... +|E;-E;/|2

| Fi-F/ | & quantization errorE 2u|stal, o] k2 21 (4—10) A 9]

threshold E.t} 2t} o] 23t o] F 2, Costoormu & S7H7F Al Sto] A}
| £;— F; | < THper [QP] [Wperl i€ [1, Wper?] (4-25)

CoSthonnus N3 upper boundE T3H7] Y3, =¥k 20 frame?d 480p
S Bl | F-F1Y FXE APdH o2 15T}

UBjp-r [QP] [Wper]l © £, —=F 329 95%%5 7M8l7] #o=, ol&
g5t i Aol dalA ofElel £ FEAol AYES & &

=g
COStnonnuH < 2 (UBIF*F’I [QP] [WDCT])2 (4_26)

)4(4_22)% )—\1(4_26)’% H]ﬂé‘}‘ﬂ] H‘:Ey COStnuH < COS[nonnull % PZB%

HEsks £30] Ha, o= ofefjel o] A E

SAD?/C[Wper]l < 2 (UBjp-p [QP] [Wper)) (4-27)

21 (4-27) 0.2 FE, SADel I ZFHe& FEI7] Y&, FE5AS

SADE T4 o= Aastd v53 ).

SAD < sart(C[Wperl 2 (UB/p—p [QP] [Wperl) ) (4—28)
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AZA o7, 21 (4-28)29 $wWo] ZB detectiong 93 SAD2 upper—

bound?l # o]t}

UBgsap [QP] [Wper]
= sqrt (C[Wper] 2 (UBjp_r | [QP] [Wper])?) (4-29)

SAD7} {1aL SATDRE] &7k 9o 3lejA=, SATDel thg upper—
boundi= 2 (4—29) 25 FE¥t}h HEVCelA= motion estimation®]
st 3+ AipsEo]l F=E O SATDE X3 E7] wie, SADRU+=
SATD7} &% 457 4oz go. A7[6ldrs &3 AzE
Gaussian distribution®.® X 2¥ &l A7) correlations ©]838}¢,
SADe]| 3t thresholdE SATDE threshold® v+ WS Aljtstar
Atk AT[6], ol#id gE RHS F3 SADO| thsh threshold$}
SATD9| threshold zte] AT nlE Fedhdlal, & =20l e o
ArnlE &gstol SATDO Widt upper—boundE A3kt o

e}
Ao A UBsatp [QP] [Wper] & SATDO thdt upper—bound= 2w st}

UBsatp [QP] [Wper] = 1.72 X UBsap [QP] [Wper] (4-30)
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4.2.4 Proposed ZB detection for HEVC

kA A ZAES 7IHFo 7 HEVCZ £ st 7B
detection@ 1 8]0 AAEQ, o]l IH 4.4 Qokxo] Q) A
A @ARE, Foix 859 SATDE 4 (4-30)9

-

UBsatp [QP] [Wper) & vl st} s 2718 w535k god, e

B2 ZB7F obd Zlow it o] g WHdE B tiEfA,
DCTE Z7lel wet I v #go] AT 4x49 8x8 EFof
A= line 39 if 2RO 7 ol%3l1, 16x167 32x32¢] thafjx=

line 59 else =4+

o
i
o
oift
o
£
>~
"
>~
to
oo
X
(0e)
e
Jhu
2
=
%
>
el
1
T

10)9] threshold®} W|wE 3sFo], XE= Hadamard coefficient”7}

thresholdith 25 o, sl £5& ZBoZE HESh ol 7|59 line

3olA sk 16x163 32x32¢] thal A= line 614 GZBS 9%

2 (4-12)° o] 3 line 89 A& PZBE fst 24—

15)9 ZAFe] FAAt. HAFHORE, line 10914 T 5] GZB
s

T+ PZBolW dld E55S ZBE A=
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Lif ( SATD < UBgarp[QP][Wpcr]) {
2 if (Wper =4 or Wper = 8){
3 if (NUMhadamard= 0){ ZB= 1,}
4 3

5 else {
6 If(NUMy,gamard= 0 && DC} adamard = 0) //GZB condition in (12)

7 GZB =1;

8 elseif (NUMhadamard o =0 && NUM,,, = 0)//PZB condition in (15)
9 PZB=1,

10 ZB=GZB or PZB;

11}

12}

13 4.4 HEVCE 93] #12t ZB detection algorithm

I3 449 L3 SFL 7|EAOSE Inter—prediction mode? Luma

L

datas 93l AAEAY. 18, Merge mode® Luma data®} EE
Chroma data®] 7ol RDOA FMEE Fd3tA ¢F7] wiel,
SATD7} f&EskA &k webA, ojgfdt %ol thajr= SATDE

T317]1 984+ Hadamard transforms F7}2 8o st=d], o=
e AN T FAIE W AA] otk O EE) ol gk Ao
gslAE dakgo]l A& SADE SATD o4l #§3te], SADSE 24 (4—
29)o A AFst= SADS] upper—bound®t H|EE AHoFE AQH
dugFel AMA WAE FASEF s ol F3l, Ajkd ZB

detection &118]F2 A4S EXEE A4 =9 4 Slth
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4.3 Evaluation

ol MMM = AR AR} ZB detection EaEFel AILE
skl AAIstA; st duElFe] agAd Y Jg=E S5 93
FNR(false negative ratio) 2} FPR(false positive ratio) & AF&3}H,

ol clelg} e A5 %A B

the number of ZBs misclassified as Non—ZBs
FNR = (4-31)
the number of ZBs
the number of Non—ZBs misclassified as ZBs
FPR = (4-32)

the numbe of Non—ZBs

FNRo] @S5 7B detection ¢18lF5S 53] =d & & Ao
oy, FPRe] W&45 &% ZBE AAHE E59 71 £oE7]
el RD Asts HAaAIZA 4 Sl o] 7 7He AxE &83sto, ROC
(receiver operating characteristic) curveE & < 011, o]zl ROC
curve®t A FNR¥} FPR= 4% HAH(0,007H49] HaAZ=Z
ZB detection ¥e]Fe A& BrletE stth. 2y, FNReo] =4
ol AAFRFol Fopd # RD Adtel= @Fol gUAIRE, FPRo] =AW
RD Agltel] d&F= F7] witel, HaA2E 54 w, FPRe|] 0.1&

dA o= relA S3ach.

4
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delay configuration® AFEsl ™, Transform depthE 3%
d7sk3itt. Class B (1920x1080) <97 4718} Class C (832x480)
A4 4705 AFESEd 3, FNR,FPR Z18la1 ROC curve®t (0,0) 7HA 9
Hazge] A¥AAE 74 Class? I 47fel whst BHA=E o
oAl BojF=an k. 4x4 9} 8x8e A= V& daElFe] F o
e HAARANA Y HaAYE AAS QAR T Aol e A
ghdef, 16x16 ¥ 32x32°] disfir=, 71E9] daeFe] HlaE, M=E

b

Aorst AduglFo] AN =& MHeS Holal vk 16x16° thafiA=

A9

AME - AFst daeFo]l FNRE 480p 97 1080p 4 zHztd

O-

thalA 50.6% 3} 59.8%THF FAAIF T HESH 32x32¢ s = A=

e 1S 16x16 I 32x32° LIS v, PZBE AU=ZE #AES
7] wj&Eolt}. o]# 3t FNRE ztol= A HAH71% 2] ROC curved
HAarAGE J&FS A du. HrHo =z, oy HAAT Aol=

16x162 32x32 °f tislA], 27k 0.198% 0.203°]t}.

l‘
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E 4.3 7|1F ¢uIEH NE AgE dudF A5 vln

Extended Algorithm Proposed Algorithm
Resolution | DCT | FNR FPR |Distance| FNR FPR |Distance
4x4 0.080 0.011 0.081 0.085 0.010 0.086
8x8 0.186  0.013 0.186 0.198  0.011 0.198
480p 16x16 | 0.453 0.045 0.457 0224  0.037 0.228
32x32 | 0.656 0.012 0.657 0477 0.014 0477
4x4 0.049  0.020 0.053 0.050  0.019 0.054
8x8 0.134  0.029 0.137 0.137  0.027 0.140
1080p 16x16 | 0.331  0.079 0.341 0.133  0.098 0.173
32x32 | 0.533  0.025 0.533 0296  0.055 0.306
4x4 0.065 0.016 0.067 0.068 0.015 0.070
Average 8x8 0.160  0.021 0.162 0.168 0.019 0.169
16x16 | 0.392  0.062 0.399 0.179  0.068 0.201
32x32 | 0.595 0.019 0.595 0.389  0.035 0.392

Al AIES vlaskgloh okl I1¥.5e 71 gl FAIgt
o] A= AFE daugFe] FAEE HoFa Itk of7]A
SRENC] SIS RS T YA > Hadamard transform¥}
thresholdings 33t d Al AIZHE ou|sit, o]y3t daeF
TP ko] S vlwE vt 480p Gl dlsiAlE AR
H7F 34.4% <} 38.9% Atolell F3stal, 1080p FAel disiA e

Fy Akl H7F 37.0%9 38.1%

o

dae|Fe] Aake] wRETE TS

QeI 40% UYL Ho

waxg olH e Ay, AR AtE

FaelHe Aue] BHERT RE
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Execution Time Ratio
0.5

0.4

03 +

0.2 -

0.1 —

A HuE 98 7€ dugFoe e xraoew Adstgtt. RDO
FAAIZE] FH S Y38, RDOC #7421 DCT, Q, IQ, IDCT®} CABACS]
FYAIZFo] 2+ A EH QY. HM 7] RDOE 7|22 3o RDO

Agsion, olFeo] RDOQY wA& A dH=EE A¥s W=
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BD-BRS <7H7F w2 FAEHo], ofg] X 4.4 A= ALE
daglFel Aol ol AAEH

du8Ee BD-BRO F7HF 42 0.22%¢ 0.33%=, + <idH

5
o]

Atk 7IE dudgsd AR Atd

2% RD A3z wl¢ ZE Ao wial]l, RDO dAAr#e 7HiAs A=

Aerd dudFe W S5 & F vk AR AdE daud sl

—

244 & 9.

ot
4
)
|o
il
=
)
o
1o
[-40
>
o
—
ﬂ
S
Anj
!

Extended Algorithm Proposed Algorithm
Resolution|  Sequence BD-BR Time BD-BR Time
mcrease Savging mcrease Saving
RaceHorses 0.10% 11% 0.24% 24%
480p BQMall 0.35% 23% 0.55% 39%
PartyScene 0.22% 15% 0.34% 31%
BasketBallDrill | -0.19% 23% -0.17% 37%
ParkScene 0.18% 30% 0.37% 50%
1080p Cactus 0.20% 25% 0.24% 43%
BQTerrace 0.08% 33% 0.12% 56%
BasketBallDrive |  0.78% 23% 0.92% 40%
Average 0.22% 23% 0.33% 40%

F7hE s AEe AR AgtEl ZB  detection daElFol AMgEE
stetulEl ] ghe] wWgle] wE s WeE FAs] S8 FEA
obef I A (4-22)8 CE vFetAl HbrHA, ROC  curve$t
HAANA ] HAxADE BAFIL Ak 2% 46 A9 xF

"0.6xC"= g Co el 0.6= w3 Z& dulsty, AlRd FF o,



0.8xC","1.2xC™ 18|31 "1.4xC'52 ZHzh Y Cof ghel 0.8, 1.2
aea 145 F% e oJuldkth o] ¥l HZTe], XA H7bx| <
Ha A9 a7t C 2ACdAM 23EE & 5 3ok vk, ad
4.6()ell HZo] C7} S7hEa= FPRo|l T7He= &

FPRE F7k= ZB detection &iLglFol ¥sjokd RD A9 Asts

sl waEel, A= AR dagFelAE CE AFESIES st

Distance FPR
0.5 0.08

\ 0.07 ﬂ
0.4 *——o— 006 ‘/.”’

-o-32x32 0.05 o -o-32x32

0.3
-16x16 0.04 —-—;6;;16
—+—8x8 /!/f—-—o—o —+—8X
0.2 ——
\ o-4x4 003 -o-4x4

P
01 0.02 :;‘O,/.’ & A

0 ‘ | | | ‘ : . : ‘
0.6xC 0.8xC C 1.2xC1.4xC 0.6xC 0.8xC C 1.2xC1.4xC

(a) Minimum distance (b) FPR
O% 4.6 2 (4—-22)¢ Co W3l wE dugFY 4

[ox)

= W3

-+ A A 4-15)9 PZB & #% threshold?] ®W3}e| wE ZB
detection ¢iglFe Ao HIE FAHsr] Hd FHHIUCH
threshold®] #+& “1.6xTh", “1.8xTh", "2xTh", "2.2xTh" 131
"2.4xTh"9} #o] W3tE Fol Asa, ol= ol 19 4.7(a)
(b)Y xF& o]F1 Ytk 18 4.7 FHANAY AgE R
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+=dl, threshold®] ko] 74 Aol FaFd AR ofA
il

Aags & 4 gtk whde, oF A¥i o] threshold?] kol

(o]

=] =1 T PR il
A45% FPRol 2748S & 5 Atk old% 432 st A=
A etEl ZB detection &ag]lFolAE 2xThE PZBE €3t threshold®
JEETE
Distance FPR
0.5 0.08
0.07 a1

04 o—‘q_,l=___‘______.__. o /./u/
03 0.05

‘ -e-32x32 -o-32x32

= 16x16 *% /0/" = 16x16
- B ——a u &
0.2 = 0.03 —

T T T T T 0 T T T T T
1.6xTh 1.8xTh 2xTh 2.2xTh 2.4xTh 1.6xTh 1.8xTh 2xTh 2.2xTh 2.4xTh

(a) Minimum distance (b) FPR
¥ 4.7 2 (4—-15) 2] Threshold®] ¥l w& dnEFe 45 ¥t

A 4.2.3 oA, ZB detection &ale]Fe] AAe HJLS Fol7] 913
SAD®} SATDC upper—boundE AQtstal Qdth. ths A3 upper—
bound®l &3] ZB detection &ilzl&Fe <

SAs7] S8 FREAJT. oy E 4
offd wje] <<tuels FIATY] HE ek Slvh o] AdAI
W=, upper—boundE AT CEN dugFe FIAAE ik
Aees & F Ak

Agrow =

+
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¥ 4.5 A4 4.2.3°] Uppper—Bound #E&A] &g F FPA|7HH]
Sequence Exec_Time(Upper Bound On)
/ Exec_Time(Upper Bound Off)

RaceHorses 0.492
BQMall 0.534
PartyScene 0.496
BasketballDrill 0.556
ParkScene 0.552
Cactus 0.477
BQTerrace 0.515
BasketballDrive 0.551
Average 0.522

640

E]_O

encoding A]7F9]

o -
margs 54

7B detection & 1glFo] FMES #7go] & &35t sl

ek,
Y= FArh
@A S ok =
BRE] F7h:

4.69]

Al

s

HAAoR 12% A=

o
puy

=
=

fractional motion vectorS 2=

Hd 1.24%%2 AA QY=

il =3 o]

3}7]

o
ol

dlefl  whaf,

oS €t
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7B detection ¢18ES LIS uw, HEVCY

A encoding Al7+e] A3 74 BD-BRO F7H7}
g AFAHIE AAE] Sl
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¥ 4.6 ZB detection algorithme RDOS} FME®| # €A, BD—BR Z7}¢} #AA|

encoding A]7F W8] Time Saving

Resolution Sequence BD-BRincrease | Time Saving
RaceHorses 1.64% 7%
BQMall 1.27% 13%
480p
PartyScene 0.78% 7%
BasketballDrill 1.63% 11%
ParkScene 1.38% 15%
Cactus 1.43% 14%
1080p
BQTerrace 1.10% 17%
BasketballDrive 0.73% 10%
Average 1.24% 12%

g A¥e RDOQ &4E ond W H@ow BD-BRY Z7}gl
Zo]E RDO FaAzrel =4k ofgl E 4.7 AAARs}

AAE o] 9l=d], BD-BRS Z=7}= HF 0.52% = wj$ 2& Ao uba),

3to], BD—-BR 9F7F Z713 Zlof| whell, RDO F3AI7He] a

kil
At 18% =713t

5 T
o,
Ir
N
o9)
[aN
D
o
Q
=
=
(k7
k]
Au)
i)\
1o
x
o
>,
L
flo

Ay, ZB2 AEE 45 RDOQO st FHANEA A

VoA, A RDO =3 AI7kel] thek fFago] 7hsh7] wiEolt.

;O

P
T
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¥ 4.7 RDOQZ On AelolA], ZB detection algorithm %€ A], BD—BRY] Z7}3}

Time Saving

Resolution Sequence BD-BR increase Time Saving

RaceHorses 0.44% 29%
BQMall 0.75% 45%

480p
PartyScene 0.54% 36%
BasketballDrill -0.05% 44%
ParkScene 0.58% 57%
Cactus 0.44% 51%

1080p
BQTerrace 0.37% 67%
BasketballDrive 1.08% 48%
Average 0.52% 47%
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Al 5 A SATD based RDO Evaluation

5.1 Difference between SSE based RDO and SATD
based RDO

HEVCelA = A2 modeEs ZAAsH7] 93814 SSE 7]4¥te] RDOE

sttt whdo] SATD 78] RDO3= Inter—prediction®] FME
B = HZAS fractional motion vectorE Zr= fleo] o] £-F M,

Intra—prediction® A= 3570 &Est= moded MFE 3~770
FTOF £ SSE 7I¥Ee]l RDO® digt 918 moded] M4E Fol&

g o]gHct o]x¥ HEVCeIAE SSE 7IWke] RDOS] Aibgo] w7

u=oll, SATD 7]¥ke] RDOE °l& EXxshe 9 4z &85 Qv

b AWHEYY AW, SSE 7% RDOE EF SATD 7]t
RDOZ tfAlete] HAE modeds AEEd A9, RD A3t A&7}
AAstA SobetAl drk e, SATD 7]8ke] RDOE &-8-35kef # 4 <]
modes AT 745 SSE 7|¥te] RDOe| H|a] AAFRFo] m¢- 27

uj Zofl Aol ZAA o] EA "ok o]y o]F=Z, SATD 7]ye]

L

RDOE #4839 HA2 moded Hoh= 22 oJds] wig 2l ot

H.264/AVCelA & RDOZ on/off & we RDAS7F Athr o=z 217

mjZo]], SSE-RDOZ SATD-RDOE FEZA o7 tA|st= A8 A7}
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Atk old ol fFE, E =FolAE, HEVCOA SSE 7HEe] RDOE
BEHoz  SATD 7|HFe]  RDOE dYAIgezx RD A=
#HaslsldAl RDOS A4S HAas Fds st WS A”tstaat
Eig=y

o]Z 93, ¢4 SSE 7]4ke] RDOS9F SATD 718ke] RDO9 Ao]=

Avgstaa s #JeY RS fle@ll, SSE 7IRFe] RDOs= “SSE-

RDO"® SATD 7]4Fe] RDO+= “SATD-RDO"Z 3%7|s8t7| & &t}

Jssg-rpo = SSE + Arpo * Bits (1)

Jsatp-rpo = SATD + Asatp * Bits (2)

SSE-RDO®| SSE= fAlw el A4 Az zpolo Alwe fo=
AALE® | A o]= quantization error? OUAE on|EA 1,
SSE-RDO¢] Bits= mode, motion vector FXE < DCT/QS A=
CABAC®] #&3te] & bitstream? A7]E F43ste] AAtetct. ofof
Rk, SATD-RDOS] SATDE AAlsg o5 Alse o], & At
A1%eo]  Hadamard  transform&  A&3te]  #3  Hadamard
coefficientz¢] Athzte] Fo = ALteta, SATD-RDOS Bitst= mode,
motion vector %2 FHe| tiEiMwt FEsE wisgolu dARS F
T3ttd. @ Intra—prediction® A9+ AA CABACE F33sto] U2
Bits& #]&3%th. Egh SATDE 2l3e] @o®, SSEE 2l3el Awe

o7 Aty 7] wjitol, Z+7+e] Laglangian multipliers Agpo = Asatn’
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1 FHAlO| T}

obgl ¥ 5.1 depth7} 1?1 CU9 22 ZApilse] st SSE-
RDO¢} SATD—-RDO®] RD cost?] #AE HoFi vy, SATD-
RDO2] RD cost?} =718t wel SSE-RDOC RD cost® F7}abA]qk,
SATD—-RDO®| RD cost7} A& #AAAl ¥ SSE-RDO® RD cost?]
S7H7F =3k ol s dAAe Hole 7HE 2 olfri= SATD—RDOS]
SATD7} 57kt &, SSE-RDO% SSE+ quantization #g o] s 1
A715 Ag W] wiZoel, SATD7} 7kl aglel 1 Agto]l A7
Ho] T7AZE E8EA Pk g2, SATD-RDOS RD cost7} 22
Aol b Alse] figt DCT/Qe A3}, = quantized transform
coefficient®] A9 tjFf-Fo] 0°] 7] wjitel, SATD7} S7tsAl =4
SSEX #o] F7tstA €t

SSE based RD cost
90000

80000 *

70000

60000 -+

50000

40000 -

30000 -

20000

10000

o - . . r y ' r v ;
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
SATD based RD cost

I3 5.1 SATD 714k RD cost®} SSE 714k RD cost®] #A

86



Lo 7Z Bits &HolA BAA, SATD-RDOS RD cost7} Z& wj=

o

SSE-RDO®] Bitss DCT/Qell &g F#9 Zo]=74 o], SATD-
RDO®} SSE-RDOE Bitsell sfi@st= o] fFAFSHA @ whepA,
SATD-RDO¥] Bits7} &7FetAl =™, SSE-RDO®| Bits Hlxeh JE=
Z7veA Ak w2, SATD-RDO RD cost7} & W= SSE-RDOY]
Bits% DCT/Qel gt wlgol Hx F7iebAl drk. ®=3 olzsh
DCT/Qel wigh Bitse] F7F= #8 S7H7F E3h¥l= SSES A3y,
adze] Fx7t AR FAGAE AoE xdeA "

Aoz, SATD-RDOS RD cost7} Adjdo=z z& w, SSE-
RDOE SATD-RDOZE WAIEH, HAE modeel| tid #xd A4
O ARom olgk RD Aste] Arvh ddAow sstEs o4 F

ot
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5.2 SATD based RDO Evaluation for HEVC

SATD-RDOZ SSE-RDOE ### o= tiAe wf, I55 A &1L
54 e met AgAor gAsts WAS mEE A9, SATD-
RDO®] RD cost?} SSE-RDO2] RD cost= 1 &% A7|7F A3 =7
o], SSE-RDOE SATD-RDOZ thA|atA =4, tfAst F27)8=
SATD-RDO® RD cost® H| w7} 7FsdbA gk, thAdF F&-3 o 454
2o RBE7EE SSE-RDOC RD cost® Hlmsjof 3t} whebA,
SATD-RDO®] RD costel weba #-§4l WA o® SSE-RDOE
SATD-RDOE wjAlstE Aoz wyA =HwW, a&Foz Adis
Zo|717F ol¥A ¥d. I8l ®, SATD-RDOZ SSE-RDOE RD
AsteE HagetdA dAE 5 9l
Eig=y

o]Z 93, SSE-RDOE 7]5°& SATD-RDOE tjAst #

taix,  wel  BD-BRO W3E  FSAHske Ade Fd¢E

Iws e WHE Actstazt

rlr

depth?te] H]1, Merge modezte] H|i, Inter modei+$] HWlw —1g]31
Intra mode?td #Hlwe] disid A HE SATD-RDOZ A=
A= Class C(832x480) 9] 424 4707F AF&EATE o714 A5H+=
Merge mode?Fe] H]i 2Nx2N Merge modeE 7F2|Zith obA A e
727, SSE-RDO & # ##3 SATD-RDOZ+S] vl SSE-RDOS
RD costE HlWEH 3tk % 5.1 9 A dAiE HAgF1

oltl. Case 19 'SSE':x= SSE-RDOE ZA 83 ZH$ZE referenced
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o 5+
=

=

o

st} Case 2, 3, 4 9 'Intra’, 'Inter’, 'Merge’ & ZHZ} Intra
mode, Inter mode, Merge mode’} SATD—-RDOZ tjA¥ A=

9w gt} Case 59 ‘depth CU'= & CUSF 39 CUE vlwsle] CUY

]_

ftlo

7}e) 71t Eo % Case 69 w, 'SATD I-

H
RN

of
rlr
_

depths 2%
Slice’s encoding*] ®W #]& Intra frameol] 3 SSE-RDOS SATD-
RDOZ thAlsh= & ov|dheh

4 22 CU #Hex WHojX=, Merge, Inter, Intra mode
A4 34gel sl SATD-RDO®Z thAlsted 431 BD-BRT7H= 44
0.43%, 4.67%, 2.71% ©ltt. URFA O 2 Inter mode® SATD 7|4k RD
cost’} Intra mode®] SATD 7|HF RD costR T} Z3olx 9 &xo]
HojZA )k, 71 o]f+ Inter frame®lA Intra Mode?] H]F©o] 27| wjZ-of
ZE AR AA RD Astel vl FeFo] vk wepA, F ¢

gstel RS 98|, Intra frame HF2E  encodingtr] #& CU

d

oA 9 Intra mode Z3& SATD-RDOZ thAlgd ¢ BD-BRY
Z7VE 5.76% & F7VelA 9o

o2, CU9 depth 2742 RD costi= MFA AH == Fo]
olyzl, CU #d¥efx 2oz AAE RD cost® AAHAC. A =4
CUE 3t 709 RD cost® tEH 1, 39 #@¥® CUE 4709 RD cost®
fEEch wels, SATD 714 RD cost AFEA] ¥ mode? 274 7 0]
o A% HtgE=vke wel RD Aske] w7t EEkxAl "k CUY
depth A4 #4 el SATD—RDO®| thgt BD-BRE F7l= 5.74%= 7t
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mode?] 2% A EZo] 23 BD—BR =712 @ rt}= 23, Inter mode

AR A& 2 F£F9 BD-BRY F7HE HAlHh

¥ 5.1 SSE-RDOE SATD-RDOZ &Y UAA] &A3t= BD-BRY Z7}

Case Operation BD-BR dgt]“z ntZe
1 SSE 0.00% -
2 SSE + SATD Intra 2.11% 2.711%
3 SSE + SATD (Intra + Inter) 7.38% 4.67%
4 SSE + SATD (Intra + Inter + Merge) 7.81% 0.43%
5 SSE + SATD (Intra + Inter + Merge + depth CU) | 13.55% | 5.74%

G FE AAEES st 3 WA Z= Merge Mode® -9 SSE-
RDOE SATD-RDOZ WAlsi= RD A3t7F vlujdt #Holr] uwj&-o,
SATD-RDO®Z wjAst== 3tth,. 12y, Inter moded A%+ RD
Ast7 A7) wWEe] EF SATD-RDOZ tiAlehs 2 a&% o)X
7] Wil oE WHE BEAStuAk stk HEVCOlA CUC mode

AX <A+ "Merge mode —> Inter mode —> Intra mode” ©|t}. whabA,

Inter mode 274 ¥4 Hol, 42 Merge mode’} A%t} o] HA 2
Merge mode? SATD 7|4k RD cost® &&3}9], Inter modee°l thal
SSE-RDOS ARgolF& AAshz W& Aket. #HH e Merge

modeiﬂ SATD 7]‘%‘_]_' RD COS'[?E‘ MERGESATD_C()ST = 37]3]'ﬂ, @XH
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A2]e Inter mode?] SATD 7|8 RD cost® INTERsatp cost =
z718t712 shltk. MERGEsarp_cost 7F INTERsatp_cost BU 24,
A %2 & Inter mode’} HA Y modez AEE 3Fo] 7] wFof,
SSE-RDOE g HgAdo] yvopxlty, Ritf2 MERGEsatp cost 7t
INTERsatp cost BB} Athd, Inter mode’} HZA 2 mode® AEld
gEo] F7] wiel, SSE-RDOE FdqT FQaAo] Zopxlth. ol

Heshd A (5-1) 9 ol FelHh

if (MERGEgsatp_cost >= INTERsatp_cost) 5G-1)

Do SSE—RDO for Inter mode

2o 7, Intra® 4$% SATD-RDOZ AFE thAlsh= 2L RD A 87}
7] wZol, Inter mode oA AFE-® WS gste] AFEst7]E sho
MERGE_INTERsatp cost + Intra mode A% Ho] #HZ modeZ
A" Z° SATD 7%t RD cost® 9wk, INTRAsatp cost ©
] 2]e Intra mode? SATD 7]8F RD costE 2un]3tt}, depth® & RD
Astel] wAE Gl d@A3] tpr27] wjitel depthel wEh TFEAE
g2A Aot CUY depth7} 2 o]d 4 wi= Wldepth] & 1%,
depth7} 3 & W= Wldepth] &= 2%, depth7} 4 & W= W[depth] =
472 AAPY, 22402 Intra mode o falAE 2 (5-2)8 7o)

FH
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if (MERGE_INTERSATpicogT*W [depth] >= INTRASATDJ:QST ) (5 - 2)

Do SSE—RDO for Intra mode

ol’de] Ajtd dawEFe Ay sk, Merge modee] A e B
SSE-RDOE SATD-RDOZ ojAgth. @&, SATD-RDO= ZAAH
H A2 Merge mode®] talA+=, Inter =+ Intra mode 2% RD cost
HlwE sloF H7] wlZe, SSE-RDOE 433ttt Inter mode} Intra
mode®] taiAE A G-DI 2 (6G-2)9 =0& W5 w3k SSE-
RDOE F3stc}, olglA =™, CU e disix FH4& st H o)At
SSE-RDOE Fd3t7] wiel, CU depth & AA3s7] 93], HE
SSE-RDOE ¥ I+ flth
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5.3 Evaluation

& A8 A9, Fol=x RDO AArFI RD Aste] A3 4A3s
AAsazr ek 548 918, Class B (1920x1080) 974 4719} Class
C (832x480) 9AF 47/0= AF£39 1, low—delay configuration® &
encoding 3t%lal, RDOQ+ on 33t &=+ RDO <dAt=s

]

Jst 3, AQkE

o
I
ol

=43st7] 98, A encoding FHAIZF

e,

< AE3ste], 71 div] £9E encoding 3 AIFE TS(Time
Saving) © 2 e, RD AsES ®AIE7] Y&l BD-BRY F71=

ERET S

¥ 5.2 Merge Mode?] SATD—RDO tiAl¢} 2 (5-1), (5—2) +3 F&A| BD-
BR9] =7}9} Time Saving

Merge Merge+Inter Merge+Inter+Intra

Resolution Sequence BD-BR TS BD-BR TS BD-BR TS
RaceHorses 0.52% 2.38% 0.83% 2.79% 1.15% 4.16%
480p BQMall 0.66% 4.92% 1.00% 6.39% 1.15% 9.05%
PartyScene 0.48% 4.32% 1.06% 5.37% 1.07% 8.50%
BasketballDrill | 0.82% 3.92% 1.02% 5.12% 1.55% 7.19%
ParkScene 0.85% 3.65% 1.49% 4.86% 1.55% 5.80%
1080p Cactus 0.93% 3.69% 1.45% 4.95% 1.62% 5.93%
BQTerrace 0.96% 5.04% 1.48% 6.80% 1.55% 8.06%
BasketballDrive | 1.19% 1.52% 1.61% 1.98% 2.21% 2.34%
Average 0.80% 3.68% 1.24% 4.78% 1.48% 6.38%
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A#}ZS wBolu Yt} 'Merge'™ Merge mode ZA7% #}HS SATD-
RDOZ oAl Zeolx, ‘Inter's= G- WS H8d 4SS,
Intra’'s 2 (5-2)9 A4S AL Aot} 'Merge' 1 4% BD-BRY

Z7}= i 0.80% ©o]1 E9]E encoding A7 A= Hit 3.68%

olt}. '‘Merge+Intra’® A%+ BD-BRY Z7l= Hi 1.24% o]x

=olE encoding FHAF HAE HA 4.78% ©ltf. EE mode
AR AL3sE 'Merge+Intrat+Inter'®] H-$+ BD-BRE <7k

ot

Hat 1.48% ©]1 =o]E encoding A7 A= H 6.38% o]t
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Al 67 EdE

B =FoxE= HEVCOlA Sl RDO AAFS o] RD A& FH 43}

@ 5 RS A A B ATES B, v Pus

2%
3 WAEE, RDOS 7 Ao Fsh= DCT/Q/IQ/IDCT 18l

CABACE ol 7|55 2788k9tr. Simplified  SSE&

H.264/AVCeA Aet® 71& =2, HEVCIAME A ALy, 8249
HAE o]g3te] IDCTE A= WS Aotsta Qth. Fshxel

HAE ZIvte s AAEU7] w&el RD A8tz A9 §lvh. Simplified
CABACC. =& Al 7FA HHFEE H.264/AVCOlA Atde dAH4E2
HEVCel A &3t3ltt.  High ¢  Medium—complexity CABACS
CABACY F& H4& w@edshs 7lee Agskla, Low-
complexity CABAC+ CABACY 9 #HHES AXA ¢31, Symbold}
Bits AFolo]l SAIA Q] #AE o]&sto] Bits® Fe A5eAth Low-—
complexity CABAC+ HEVCe Agst== 45U, non—zero
quantized transform coefficients®S ©]€3l+= Low—complexity
CABACS Algtslolty, #2213, DCT/QS #8& AXA i, RDOE
38 4 9l Threshold Algorithm?} Simplified SSE & CABAC
without transforme A|QFsEATh ©]e] 7l=&& &3 BD-BRE
<77y H+t 5.13% ©]1 encoding FAIN A 7.1% A FoI

BD—-BR9 Z7}7F H+ 5.93% ©]1 encoding F3AIZF A 7.8% <
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o

S Agraih. o] 2¥ES BD-BR F7F £ H.264/AVCY
RDOE on/off & w2l BD—-BRE] &7} 53 H|5=5tt).

+ WAZ=, HEVCeOl A3+ Zero Block detection ¥idls=
Abetdtt. HEVCOlA = H.264/AVCOlA  18d Hart ¢4,
Pseudo ZB7} EAetAl 7] ditell, ol& A& F S+ Zero Block
detection <glFo] HAQ3A Ho. AZ A<k®El ZB  detection
duEFE F8, RDOQ offA] RDOS FaAIZHS Hit 40%, RDOQ
onAle= 47% FAAA7IW, Z+7+e] BD-BRO Tk 0.33% 9
0.52%0°ltt. Xt Abd Ld3gFLS FMEC® A #go] 7hs3ste]
Search Points 715+& & RD A3t $lo] ¢ + Uttt RDOS FMEY]
BE Agde Ae AA| encoding AZFE H 12% A%, BD—
BRE F7h= 1.24%0°]t}.

Al A2, SSE 71HEe] RDOS SATD 7]HEe] RDOR H-EA o7
A sk Was

71Hke] RDO®| vl AAbsko] 23, Distortion®} Bits® AAsk= FEo]

2

JeFakgich. AWk oR SATD 71dke] RDOE SSE

t27] wiZel, SSE 7|¥ke] RDOel wl&l 1 FF=7F vk, SATD
719ke] RDOE  diAl=ol= RD A% Astel 3ol e A7t
EAEH7] wikel, o3t d& &83to], Merge moded| Tt & -8-31H,
BD-BR F7M= 3+ 0.80% ©]3l, RDO9 Ak H 3.68%,
Zo] &1}, Merge mode?] SATD 7]¥F RD costE &83Fo] Inter9}
Intra mode® RDOE ZARE F3s4 w9, BD-BR Z7l= Ho

1.48% 7} o] F7kskAIRE, RDO FR A B 6.38%7H4 743
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Aol Ak duEE T Eolte A oib] RD AsrE 7H
22 7= El] 2Fete HA daugEs Akt F49 dugEs
Simplified SSE, ZB detection 183 SATD based RDO = JA ¥ t}.
o] dugFY Z#Y s> HMel oJul AYel®  fast encoder
algorithmz-oll ahbel ECU[28] 9k Bl &4 ¥ 3lth. ECUE Early CU
decisione Yu]dt= Ao Z, A CUZF Skip mode® AR =, 3}9

CUE AgstA ¢+ daelFolth % 6.1 BD-BRY F7t8t Fo&

rl

encoding Al7Fe 3%7]stx ¢tk ECU &84 £9]E encoding A7+
31.96%°]31 BD—BRY F7F= 0.00%% "% &3tz AxE IS5
Attt o]o wral, A tE x3 dagls A LA, =9+ encoding Al
14.08%°]3. BD-BR F7l= 2.14%% ECU®| Hlsd] A 5ol "ol
g F v 28y, 7 =8 daugEe RDOY diks Eolv
Zol7] wiiel, ECUS 3= o] Abgo] 7hssirh. meps], ECUE &

AEHZ, Actd  duElss  FEstd, F9E  encoding AR

&l
W
Y
)
=
1o
o[\
_\|l_‘
ls
\\)
\\)
)
N
+
N
o
Jo
N
i)
N
9%
i)

39.05% % =7}s}

[

¥ 6.1 Algdd 2% ¢1u8EF ECU 344 BD-BR F7}1} Time Saving

ECU Proposed Algorithm ECU+ Proposed Algorithm
Resolution Sequence BD-BR TS BD-BR TS BD-BR TS
RaceHorses 0.08% 15.8% 1.84% 10.0% 1.83% 21.9%
480 Bqmall 0.08% 33.4% 1.96% 18.4% 1.90% 43.4%
PartyScene 0.03% 21.4% 1.85% 17.6% 1.84% 33.5%
BasketballDrill -0.13% 29.5% 1.64% 15.8% 1.66% 38.1%
ParkScene 0.16% 40.8% 2.31% 13.2% 2.83% 46.0%
1080p Cactus 0.16% 35.8% 2.17% 13.5% 2.65% 40.9%
BQTerrace -0.24% 48.6% 2.24% 16.9% 2.01% 55.6%
BasketballDrive -0.11% 30.4% 3.13% 7.2% 3.03% 33.0%
Average 0.00% 31.96% 2.14% 14.08% 2.22% 39.05%
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* 6.2¢ AdE 9 &

HolF1 9tk RDO off o
3

= RDO off ZFehel wwd d3s

Zo]E encoding AlFe 21.6%%

N

A=)
9

Y

1 Ze]| v 50% FE AAW, BD-BREY Z7H7}

3 gl uls] 8wl oA Zr1Eh7] R,

Aotw 3 daglFo] AN 85X OS2 encoding AT FAaA7H

E 6.2 Aldd 2 <¢18E7 RDO off A8A] BD-BR 57}2} Time Saving

RDO off Proposed Algorithm
Resolution Sequence BD-BR TS BD-BR TS

RaceHorses 13.45% 22.8% 1.84% 10.0%
480p Bgmall 16.33% 24.0% 1.96% 18.4%
PartyScene 11.82% 23.3% 1.85% 17.6%
BasketballDrill 20.44% 23.1% 1.64% 15.8%
ParkScene 14.95% 20.7% 2.31% 13.2%
1080p Cactus 20.15% 20.8% 2.17% 13.5%
BQTerrace 17.22% 22.2% 2.24% 16.9%
BasketballDrive 23.51% 16.2% 3.13% 7.2%
Average 17.23% 21.6% 2.14% 14.1%
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ABSTRACT

The increasing popular demand for multi-media devices such as Full-
HD TV, Smart-Phone and Tablet PC motivates the new compression standard
for high definition video. High Efficiency Video Coding (HEVC) is the next
generation video compression standard developed by ISO/IEC MPEG and
ITU-T/VCEG. In January 2013, Final Draft International Standard (FDIS)
is published and then the standardization process is complete. The HEVC
standard aims to improve the coding efficiency over H.264/AVC by a factor
of two. To this end, several new compression tools including a flexible block
structure, the intra-coding with new spatial prediction directions and
sophisticated interpolation filters are adopted in HEVC. Specially, the
flexible block structure and the intra-coding with new spatial prediction
directions is the most important factor for the enhancement of the coding
efficiency. For this reason, Rate-Distortion Optimization (RDO) to decide the
best mode becomes more important whereas the flexible block structure
including various sizes of transforms increases dramatically the
computational complexity of RDO. Therefore, sustaining the coding
efficiency with the reduction of RDO computation becomes the important
issue in HEVC.

In this paper, RD degradations for HEVC and H.264/AVC with RDO

on/off are compared with the experimental result and the three categories of
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algorithms to reduce the RDO computation are proposed. The first category
of proposed algorithms is to simplify the computation complexity for the
partial process of RDO such as Transform, Quantization, Inverse
Quantization, Inverse Transform and Entropy Coder. Previous research for
H.264/AVC becomes the basis of these algorithms and analyzed for more
aggressive algorithms. The second category of proposed algorithms is the
Zero Block detection algorithm targeted for HEVC. Previous algorithms of
Zero block detection for H.264/AVC have no consideration the characteristics
of Zero Block in HEVC. Thus, the performance of previous algorithms is
limited. To overcome this limitation, the new Zero Block detection algorithm
is proposed for HEVC. The third category of proposed algorithms is SATD
based RDO utilization. Basically, SSE based RDO presents less RD
degradation and more computation than SATD based RDO. However, for the
specific case, SATD based RDO might provide the similar coding efficiency.
To this end, the difference between SATD based RDO and SSE based RDO is
analyzed and based on the analysis, the efficient SATD based RDO is
proposed. All of proposed algorithms are implemented in HM, HEVC
reference software and, the experimental result shows the dramatic reduction

of RDO computation and a negligible RD degradation.

KeyWords: HEVC, RDO, Simplified CABAC, Simplified SSE, Zero block

detection, Pseudo zero block, SATD upper bound, SATD based RDO
Student Number: 2009-30926
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