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A Parallel Algorithm for HEVC Entropy Coding Based on
Syntax—level Grouping and Multi—thread Processing
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(1. Department of Electronic and Communication Engineering,Zhengzhou Institute of Aeronautical Industry
Management , Zhengzhou 450015 ,China;2. The University of Alabama,Tuscaloosa 870118 ,USA;
3. China Ship Research and Development Academy,Beijing 100192, China)

Abstract: As a new generation video coding standard, High Efficiency Video Coding ( HEVC) achieves
higher compression efficiency,but also requires a large amount of calculation. The parallel HEVC encoding
algorithm is important to improve the encoding speed , therefore the design of parallel coding algorithm suit-
able for multi—core processors is of great significance to meet the requirements of High Density( HD) video
real—time transmission and large—scale sharing. In this paper,a parallel entropy—coding framework based
on Syntax—level grouping and multi—thread processing is presented. Firstly,the coding messages of a Cod-
ing Tree Unit( CTU) in HEVC are grouped according to the syntax elements;secondly,the parallel encoder
based on Syntax—level is built according to the correlation between the data blocks ;finally , frame—level par-
allel coding in HEVC is achieved by combining with the multi—threaded calculation. Experimental results
show that the encoding speed of the proposed solution is 65% ~70% faster than that of the traditional seri-
al architecture ,meanwhile the video quality doesn’t lose much.
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15 R840 4 A% ( High Efficiency Video Coding,
HEVC) J2& i1 1S0 1Y 3 2 B4 % 15 % Z 4 ( Moving
Pictures
Group, MPEG ) 1 ITU B ¥ 53 4% % & 5K 20 ( Video
Coding Experts Group , VCEG ) 3 [a] £ Hi F il % B9~
— WL 2 B B o AR O B AT A0 4 A A v
H.264/AVCII 4k %, HEVC 9 H bR 248 H. 264/
AVC A 2 5B R 4R 858 I S0RF 2 7680x4320 1941
BB . HEVC RASIR S 2% B2 i 1 fin sk 45 B
AR — AR S AR, R A
BRI FERY B RS, N H AT HEVC A5 I 3
A HM (12 55 (B R X LA A2 S Br 1o v 52
I mAS AT oK o BEXS X —MERL, T [0] 4T 2%/ A%
Ab PR ) A G ) 4T B S RS i B )
BT R A A e T B, LR 2 T 2 R R R 40
BRI Z —

ANIET H. 264/ AVC H 5353 75 HEAS R4 A1
20 B 15 F) R 005 20 G 3372, HEVC SR FH — b
iR BIEE T B SOy A 3 0 AR G
% ( Context — Adaptive Binary Arithmetic Coding,
CABAC) ™' | i g e AL 5 il A B (1 S5
PEFVEIE 2 8] () 5 AH S, O I EAT A AL BRI
EF X% HEVC MRAAY K. Misra” 242 H T Entropy
Slice MIAEE, & BHA 8 & M IF AR, OF H R 4
fifel T G AR B AT A A, Clare®! $2 3 A7 9 0F 47
Qb7 (Wave —front Parallel Processing, WPP) | {1
AT T S BRI B FAT AR 2 T 2 i L FE b 3
Wt Jm e WPP B JER 1§ 1A B9 CABAC 4t 7
L Arild R R B E BB A Y Tiles,
AR TN I AT R P o B P R R L, W T
CABAC, Bl T SCHERL B &5 BB LI A9 51 A i 45
A G i 2ok B R T — A B R S R RAT
i, SRATHEAT G BRAG R 0y, 09K 25 5 3 g i 1 RE
MR, B, BT A ER AT I R AE AR & L
AT RN g i Y SRR T AR

T ¥R HEVC St 3R A SRR IR 17115
FIE FHAR 32 T — P 3 F Syntax 4341 I 7K e ik
HEMZ LA B FFATIE I E HM 10.0 165 1
AT T,

Experts Group/Motion Pictures Experts

2 HEVC H&RBEHITREESH

HEVC % gnts 3479 i E 22 A Bin HIFf174k
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F Slice ZITATALPRFN Syntax IFATALFE 3 Ffr
2.1 Bin &IFITAE

Bin 2L AT SR 3B IEE 3 i SRR G
SYPATIFATAC R, AR )R TR it (b
SR i XA TS A ST B
SCAREFERAG TS, DR R B 4 B B T
FB53 0 A TSR G A, S o8 Ja PR AT S R
JE U A . Bin S04 T Ak BRS04 A7 B B
T BN SCRBIFAE R A T (9 40 BRAE 7, BRI X 4
TR ARG RE DT TS W AN R, A7 I B i 235 i R Ge
RERY T R
2.2 Slice FFITAbIE

4 H. 264/AVC H Slice 43 E| i) A8 HEVC
AR AL Slice HIEERE 5] AT Entropy Slice™”
FIIEAT RIS IRIS . S1E5EI Slice AN[R )2 , Entropy
Slice ¥4 4RT Zif R (1967 B A5 B S5 AW, (i H A H
AR AT LR 2R3 Slice W4 iz 34 1t
it TN AE N 04 2 B 1 S, S B 1k R A B itk — 2D
$£15 . Entropy Slice FLVFFE—1 Slice PI#B )43 1%,
ZA~ Entropy Slices , X FEAH S5 7T LAIFA7 265, Ak
M3 1 IFATAFRRE Ty, o SRt e f4) 67 S 146
FIH Entropy Slice JF47 77 %, Al L[] i 9 ) CPU F1
GPU 785 (RS R nis B RE 1153 e
R, T IEALSE Slice if /& Entropy Slice, HIf
AL EEAR SR R BR T2 b R 0] o %o 24 4 AR
TR R R ARRAIR KA 285, i HEVC
B HE SR Y 58 35 R Y 0T EE AN TR B 2R E A
PR bR TS
2.3 Syntax ZZFHIT4bIE

Syntax &Y IFAT R AHE —2H Z A5 5 0 L
BRI Bt 2% AN Fie BR S R G A PR OT AT
G TR BRI TR AN [ AT 43 50T 52 30
IEATACRR , ZEIAT I G B E SR o )Xo T g o 2
TR A R E (0 bR SCRERL AT AT R, 4%
MBI ITT R AT 328, T DA 86 | R R R R
FREZ B Zhid B2 | DA T fdk s B ARE A 1 S IOk
R AR SR T Syntax HIFA79 0%, 1AM, T0i8 2
KAEVEHE TAES 2 ANTHEAL, HAZ0 CPU #RE
RELTAEN I HBEE CPU HAR ML &, HAZ O
HookiZ , Z2LBHEARRIHMTTEN =
2Ry, R AT LURIH CPU () 246 TR RE 1ok
S HEVC W IFAT S, 256 P iR, A
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B4 21, s A, AR IF , 55 . BE T Syntax P54 M 2L R4 B HEVC FgmADIFA 7430

5510

SCHR T AL T Syntax 23 21 FI 22 LR AR AL B A O AT
S, MR RSB R

3 RUNEHRBEHITEE
3.1 Syntax 254

55 H.264/AVC AIZ4EL, HEVC Tkt K [H
FERT LA AT 93 2 DL SE B Syntax 29 If A7 A0 EE X
F HEVC ' — /> %i i3 # 8. 50 ( Coding Tree Unit,
CTU) Byt {5 8., & ik oo R g4 730 43 vl Ly
FUAF JLA : g He &) 4315 B, SpiltFlag, 4 15 7 =X
PredMode , %] 43 77 2 PartSize, Wil {Z B PredInfo,
A AR AL Chf, AT A4 R A EAF L Sig-
Map FIHEEAS e 25005 B Coeff, EARA A, Predln-
fo 135 IntraDirLumaAng , IntraDirChroma TN £ R
T A5 B F MergeFlag . SkipFlag . MergeIndex | RefFr-
mldx Al Mvd %5 Wt ] 32 2) i 1 £ B 5 SigMap £ 4%
LastSignificantX/Y | SignificantCoeffFlag , SignificantCo-
effGroupFlag S5¢3F % 78 6 22 A7 1% B, 5 Coeff £345%
C1Flag . C2Flag . AbsCoeff il CoeffSigns 55qEZ A5 £
FORMEFAT S E R

IXBEE IR Z ) B {5 B ) R, 4o
L iR FE R IRIETE TR SkipFlag, X161 TC
R AU X N 19 18 75 90 % Mergelndex B 28 )& T
PredInfo —2H , HIf A A HAhJ& F PredInfo 91500
ZH—FEHHS T PartSize 11 PredMode HY{E S, , R, 7
TORIRA TR By B Ok BT IR AT, A
H—AUNK 2 IR Syntax RIFATIRIS RS

CTUZH

- H5 B [P/ 1|

SKpER U= CUR k&
B DL o 2R PredInfo
AERWER/
G158
EE/ 2%
REMNE THAR

Bl 1 HEVC Zihth B e i) i A HOC R
Fig. 1 The relationship between data blocks in HEVC

# CTU iRk oo R i T e, # S A 4
B ICR Z AR B — PR &AL (StartFlag ) P15 HiAh
HPATICI; . TEAR SR R IRAT S b R —oc
MRV StartFlag, Xt T 2 o 9 HiRLILR, 1%
MR 7K 26 19 5 Je Ak 3T 43 91 I - 0,10, 110,

1110, 11110, 111110, 1111110, 11111110 7#n

111111110 YEApR G A

SplitFlag CTU2(CTU3|CTU4|CTUS| CTU6|CTU7|CTU8|CTU9

El

SkipFlag CTU1|CTU2|CTU3|CTU4| CTUS| CTU6|CTU7 | CTU8

PredMode CTU1|CTU2|CTU3|CTU4|CTUS| CTU6|CTU7 | CTU8

2]
o3
<]
2|
el
3
ae

M

CTU1|CTU2|CTU3|CTU4| CTU5|CTU6|CTU7

Mergelndex
crui|cruz|cTus| crus| crus| crus|cTur
cru1|cruz|crus|cTus|crus|cTus
cru1|cruz| crus|crus|crus
crut|cruz|crus|cTus
crui|cruz|cTus
K&
>

2 HEVC ' Syntax 4 IF17 4L 24514
Fig.2 The parallel structure based on syntax—level in HEVC

3.2 S&EAIE

TE HEVC H, Qi SRoR 4 1 Wi gt | )45 i 2 (7]
i B AR ELA ST A5 WA G AL s 5 5 540 ]
FEIEAS . FEARSCHR I A Z R i vk, 75 2
T RE— AR ARV TR B HE T AP . DAAZR
TR, B b AT 51 B T 7 AR % AR
1 ~7 DRI A3 A T4 his , gt s Be 5 X 7 4R
FEUEATIAI AL I A T 250 8 ANk, 76256 8 M4k
FEH A TR I 0 HE P A PR  [RI S BE RUAT P 31 1
558 ~ 14 WUFK IR AR RT 7 N A AT A5,
PUG R 4, A it AR AN 3 Fiow

L
]

ST

UM E2m7| ZE3ME| SEami| ZBSWI[ e TR

B3 4 1\ G 5
Fig. 3 Eight-thread coding scheme for I frame
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WK A I/B/P i s, W45 il 22 ] B3040 AS AH
ST, B/ P Wi G A i R A S 2 15
B R BB (8] A AR B (s, AEARSCIR i £
RIS T AN BB I R — AR R AT
T3 B HE PP PR , 16 75 FF R — R AR AT S % i
R, DAL R ], B S AT B R 6
MR KIE NG 1 ~6 PR, RIS TS — AR G iD
S —1ot, ST AR 78 IS B (R B A 5%
M A 5F 7 AR AR B A 6 A R R I Y
o8 MR EBETTIS 2 ~6 Wi gRAS, TEIX 5 i
SRS R] 2 7 LR AR TR BN W R AT S A A
PRI A0 A B D52 R B) 4 532 B Ak 1T, SR 53X S
WORF RS T A BN EE 8 N, 7R3 8 MR P kAT
T AHE R f B, TR A8 P 5 A5 7 ~ 12
WTFARYGE A BIHT 6 AR AT, DLEHRIK
et Bt FEUN A 4 TR

dPU
e e
T

T

BT Homr| SR3WT|  SB4mT| Hsht ol

K4 1/B/P WUNKARGR IS 7 5
Fig. 4 Eight—thread coding scheme for I/B/P frame

HEVC H122% Wig 38 B % &2 24, a0 50 5¢
FEL ) T A — AR AT A, S R B
AR RO S PR A B, P, o T
PE R Z LR IRROR A SCHE 1% 51k v [a] 3510
H SR I [ T

4 LWERESH

BRI B R F- 75 A B CPU BYS2A Intel
Core 17, FHA3.5 GHz WO ECH DU, 7] 2R\ 2k
PRSI FRIFAT 3, S0 3 23 2 MRS a] in
7 TR B R A (4 A8 Rk IR B 2 BT A0 4
(1) 5 2 L5 i, He P, 005 i 2 PSNR R A 2
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(), TERGUEIFAT R ROR I, X4 1 Wi A7 b3
Ve E T g i A e HSCRE 4 1 iga % 1) All Intra
(Al B 5 HIEAT L i X T I/B/P Widf 474k
B pR TR e ] TR0 SR FH e B0 PR

FVE 7 gt 2% v L SZRERT 1 S0 A9 LowDelay (LD )
B S H T,

D5 B2 8 3 F HEVC B 7 b5 1 9050 % 91 8
Class B (1920 x 1080, 1080P ) ' ) Kimono , Park-
Scene , BQTerrace , BasketballDrive J¥ %1 1 Class C
(832 x 480, WVGA ) "1 1Y BasketballDrill , BQMall
RaceHorses il PartyScene JT 51, X ¥ 28 J3° 5] 43 il ¢
AL LD PAR b 250 T #1701 k2 h 4
> 1080P J¥5 2 B 7E ALLD B 8 F B PEfRE HL 4,
R, 3 MK A N4 A WVGA J7 5 53 5 7E PRI R 6]
WE T RTEREG R ILEL,

®1 AIZERMD 1030P FIHBTIHES
HITIHEEE R LL B
Table 1 The performance comparison between serial computing
and parallel computing for 1080P( AI)

HM10.0 JEAFFR popr

My 41 £ R I R ) Y BD-rate/

(1080P)  Hyiflal/ e, o y
('s/frame) (s/frame) ¢
BasketballDrive

(500 i) 97.77 28.83 70.5 0.07

BQTerrace

(600 ) 109. 12 38.29 64.9 0.31
Kimono 92.38  27.71  70.4  0.03
(240 1) ’ ' ‘ ’

ParkScene

(240 17 92.84 33.32 64.1 0.74

F2 LD ZEBERE 1080P FIIHRTIHES
FITHEEE AL R
Table 2 The performance comparison between serial computing

and parallel computing for 1080P( LD)
HM10.0 475

e st a

wial gy i WO gy
(1080P) ST A Y (0// y (@)

(s/frame) (s/frame) 7
BasketballDrive

(500 fpﬁ) 380.55 99.42 73.9 1.64

BQTerrace

(600 fpﬁ) 218.67 96.58 55.8 1.46
Kimono 260.13  96.26  62.9 1.81
(240 i) ’ ’ ' ’

ParkScene

(240 fpﬁi) 202.12 51.84 74.3 2.68
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®3 AIEBRB WVCA FIRTIHES
FITHHEEE AL R
Table 3 The performance comparison between serial computing
and parallel computing for WVGA ( AT)

HM10.0 FHAT58%k

ST S—p S FL
ksl g winrs MO g e
(WVGA) B[ 11 A |14 /((7/) (%)
(s/frame) (s/frame) ¢
BasketballDrill
(500 i) 43.44 8.80 79.7 0.48
BQMall

(600 M7) 29.85 9.29 68.9 0.38
RaceHorses

(300 1) 48.72  11.66  76.1 0. 64
PartyScene

(500 1) 37.72 9.29 75.2 0.30

*®4 LDERERE WVCA FHRITIHES
FITHEEE AL R
Table 4 Theperformance comparison between serial computing
and parallel computing for WVGA (LD)

HM10.0 JFA78 Tt ]

751 i gis-ry Y BD-rate/

(WVGA)  ¥ymfial/ i)/ (; , (%)
(s/frame) (s/frame) ¢
BasketballDrill

(500 1) 42.92 15.48 63.9 1.18

BQMall

(600 1) 55.69 22.76 59.1 2.14
RaceHorses

(300 1) 106.32  28.84 72.9 1.31
PartyScene

(500 1) 103.69  33.68 67.5 1.85

&1 ~4 AT 0L, N GRAS ] R E AR SCHR
AT S HM10. 0 AH Lk, 7F AT IR E LF3A
70% 7247 B Gm RS B [ 95 48, FE LD W LA
65% Ze A7 gm B I [] 154 . 3 — Bl AT LUFE
ZERARTT R IEASBE IR 2 58 4 00 WA e, JH D R A
TR AR B 5 2 AH Bl 2R R B IR A7 A 3 22
AN HEAT ) 25, 3 2 1ok i 0 T B T AR — i Y [
MG i & BD-rate K F , AT 3 H B I AT B IR
5 HM10.0 AHE, 78 AL E FOFIH 0. 4% A4 11
BD-rate #1275 LD & & VP34 1. 8% A 471 BD
—rate fi1 2%, H R RE FIRATAL BRSS9 T S i 5k
it Z A1 AH DG | DA T (5 75005 2 5 1) T SC AR Ao
FEFIMERAE T FEAG B B T R iR &1 5 AT 0L,
FRAS S W 9547 53 ), B b 0 g b EUARAE L T
HM10. 0 7£ EW i B I %A KK,

OEXHITHERBER
5 Kimono J#%1

Fig.5 Coding results of Kimono sequence

5 ZERIE

T HEE HEVC 9t 32 50 1032 588 B, A 03
H—Fh3E T Syntax 74 i K ZE AL BN 22 26 FE 11
AT, ALY H.264/AVC H Syntax 2
(RIFAT R S BRI P AT e R A dUF LR
IKREEIE R ILBIF R AP, R, SR 246 RE T 4b B
HAR, AR CPU B0 B, A BEEAT 58 U5
B KT IR TR SR G R AT AT
B WUE TR A R . AR /IR AT SR AE
BN AN 17, 26 328 AN R T 2 S s A0 i 11 2
SR, T BLIE— 2T AR G B 1 45 o 2 B A B 2
] AR 06 =, 4R B O 1) TR 4 50R 5T R 1Y
PRI, MK RGE R AT R,

SE .
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