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Abstract

This paper describes a design and implementation of CABAC decoder, which would handle HEVC syntax elements in
adaptively pipelined—parallel computation manner. Even though CABAC offers the high compression rate, it is limited in decoding
performance due to context-based sequential computation, and strong data dependency between context models, as well as
decoding procedure bin by bin. In order to enhance the decoding computation of HEVC CABAC, the flag-type syntax elements
are adaptively pipelined by precomputing consecutive flag—type ones; and multi-bin syntax elements are decoded by processing
bins in parallel up to three. Further, in order to accelerate Binary Arithmetic Decoder by reducing the critical path delay, the
update and renormalization of context modeling are precomputed parallel for the cases of LPS as well as MPS, and then the
context modeling renewal is selected by the precedent decoding result. It is simulated that the new HEVC CABAC architecture
could achieve the max. performance of 1.01 hins/cycle, which is two times faster with respect to the conventional approach. In
ASIC design with 65nm library, the CABAC architecture would handle 224 Mbins/sec, which could decode QFHD HEVC video
data in real time.
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a9 9 a9k b) QP32014 All-intra Aoz AYH et ¢ S EQth webA HEVC 8] A
%7do] Random access 2743} Wlus|A o shAa SA9] yolxgel-HE CABAC TZx= 7|89
¥ Q X (residual coding)®] Hl&o] ZA F73tth= A HEVC CABAC 4505 bins/cycle) thH] <F 2w 7}
7} 2) QPE thE #3329 0) o2 A&t Idd o %3t s e QT
o] s BEEE PSS wel w2 QPO HEVC®| configuration 24| thste] sho]zelel-
gatoll A zhe] 3k FEQAVF ARG B Fo] X W& CABAC 7%= 2) 19 10a)¢ Zo] All-intra &
E 1. Al-intra configuratione| Zt0{ 3t FTERA0AM single 2 multi B2 4
Table 1. Composition of single- & multi-bins in residual syntax elements of All-intra configuration.
0o g Bins ratio Bins number
QP32 QPO QP32 QPO
transform_skip_flag
coded_sub_block_flag
Single— sig_coeff_flag o .
Bin oot abs lovelareaterl _fiag 72.04% 50.20% 10,754,769 165,062,200
coeff_abs_|level_greater2_flag
coeff_sign_flag
last_sig_coeff_x_prefix
. last_sig_coeff_y_prefix
’\ABUig'S‘ lasLsig_coeff_x suffix 27.96% 49.80% 4,174,458 163,715,221
last_sig_coeff_y_suffix
coeff_abs_|level_remaining
Total 100% 100% 14,929,227 328,777,421

(985)
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Table 2. Experimental results for decoding performance comparison.

Seguence BasketballDrive BasketballDrive BasketballDrive BasketballDrive
a (500 frames) (500 frames) (500 frames) (500 frames)
Confi All Low Random All Low Random All Low Random All Low Random
Se?Ufence ontig Intra Delay Access Intra Delay Access Intra Delay Access Intra Delay Access
nfo.
QP 22 27 32 37
T?Et}a$||:byi<r;s 894,390 | 257,767 | 221,904 | 367,047 | 85395 | 74914 | 201,038 | 39,839 | 35504 | 117,469 | 20,745 | 19,238
CABAC TOE}'OQVC'G 1,789 516 444 734 171 150 402 80 71 235 a2 38
2 cycle direct (EH<1:M)
Architecture
(conventional) Bin/Cycle 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
CABAC Total Cycle
pipelined— (Erel W) 886 269 226 382 93 80 218 44 39 132 24 22
parallel
fichitectut® | Bin/Cycle 101 0.96 0.98 096 092 0.94 0.92 09 091 0.89 087 0.88
105 R T o= All-intra FPGA Board
-4-QP32 QP37 Low delay
1 1
#-Random access
095 095
— a
09 —h—— 09 Frosrrad
"“"—-—-1.__—-—-‘! CABAC
085 oss Decoder HW IP
0.8 08
) d ; 5
A e e T8 1. HWISW S8 HE Al2E
2) 259} 445 vs. configuration &3 b) =8 4% vs. QPZ Fig. 11. HW/SW co-verification system.
250 e 250
3% 10. Configuration 3 QPoll e 23535 Ms 20 o\ 200 -
Fig. 10. Decoding performances on configuration and QP. 150 150
100 100
. 50 50
oA M =& B33 A45E KoY, Low delayel D i k
}\1 7]_10 17/(1—% %5_3?} /Ké Lo:.% L],QJ{H];]. EEfﬂ— 3 QP22 QP27 QP32 QP37 QP22 QP27 QP32 QP37
<all-intra> <low delay>
10p)NAE A2 T2 QP e B33 s AS =L
— 200
Ao A= QP7F e E 7H53l A5 (bing/cycle)©]
150 255t ds
= o 5L 2=
7k e #9488 5 sk 100 —uAIZ 2785

0

3. giipl 7|% ijll% E‘cl ‘_I'Léd 7E:|J—'—|' QP2 QP QP2 oF¥7
Aotel CABAC %3317 T2E HW/SW 3 7] <random access>
s AEs 918t HEVC HM-10.0 SWe §H7 Xilinx a2 12, MA THE CABACS 2353t M5
Fig. 12. Decoding performances of proposed CABAC

Virtex-5 XCTVLX330TelA HW=  FaEAt

] design & implementation.
CABAC® HW/SW &3 Az dolgi~e= 19

113 2k 1) "A5e 98 49 HM g¥d= SW Al DDR2 W2 E EaiA 49 vlo|g s ~9 qntak
tlsitjel A CABACS 942 HolHE PCle =etolH © % HM SW¢ EM d2 Fso Add 3) FPGA
£ B3 FPGAd et 949 del"= PCle CABAC®Z F¥ =94 dHolglg g o|Fd=
endpointZ A1} DMA(Direct Memory Access)Z HEVC HM SWollA tzdL ¢z sle] HEVC £33}
& DDR2 ®|xe]e] A4 i CABAC IPAA= Hlx TS T AT

go AZAE 9 oS MIG(Memory Interface H o]3o] HEVC CABAC E3.3}7] 1+ 65nm =}
Generator)Z 53 ¢jo]t}l 2) CABAC IP HWS] & ojlngglE o] &3 AAE S T s ASst

33} B7to] By I BislEl &9 o}t A AE BaA 327K logic gate A7 & ZE



20154 58 MX3E ==X M52 M55
Journal of The Institute of Electronics and

a1, 222.2Mhz] 2 Fal M Asol =
)} 1% 12% 3% F configuration 273 2 47F4] QP
e HEVC H-33} @3l s 553} 455 vl
afo]  welh wWle] IR 7P All-intra
configuration % QP22¢] %33} QFHD 9AHS A A7k
o7 B33lely] Ysi= 215Mbins/sec (894,390Kbins
/500frame x 30fps X 4(QFHD)) 2 A+5& d&

ghth, 2AGe] HEVC 840l 482490 sfol=xgl
-84 CABAC E3xsl7l= FHdl  224Mbins/sec
(2222Mhz x 1.0lbins/cycle)®] &2 A5 2t7] Wit
o All-intra 2@ QP22¢] <BaskethallDrive> QFHDS 4

=AM B35k ¢ gles H]lh

EE
=

WO
e

o
o

wg oolf
N
)
re
Aok
_l_u
ro
5
0Q

RS A
E o

b
re ot
P2

M

rot U

4
BN
o

T > o

Z N
(o3

AAEAY. Ak’ CABAC B33}
H|Z % Ji4=7F A A= All-intra configuration
A2 QP grellA Hol=d|,

0.87bins/cyclel ] Z ] 1.0lbins/cycle®] ## 4
B 7] g% o oF 29 7hEst Aes

6onm etolBeje] 4 AA A Al 2
s 224Mbins/secE Zil QFHDY/dS AARE

=
=~ o O
T ASES A

wr

ool

0 =9o
3T /‘éoa

BN
o b &

[

= .

f
o oox S|

Ach

REFERENCES

[1] JCT-VC, “High Efficiency Video Coding (HEVC)
text specification draft 10 (for FDIS & Last
Call),” JCTVC-L1003_v34, Geneva, Switzerland,
Jan. 2013

Joint Video Team, Draft ITU-T

Recommendation and Final Draft International

163

Information Engineers Vol.52, NO.5, May 2015

(987)

Standard of Joint Video Specification, ITU-T
Rec. H264 and ISO/IEC 14496-10 AVC, 2003

. Ohm, J. Sullivan, G.J, Schwarz, H, Thiow Keng
Tan, Wiegand, T, “Comparison of the Coding
Efficiency of Video Coding Standards—Including
High Efficiency Video Coding (HEVC)” IEEE
Transactions on Circuits and Systems for Video
Technology (Volume:22, Issue:l2, pp.1669-1684),
Dec. 2012.

Bossen, F. Bross, B. Suhring, K. Flynn, D.,
“HEVC Complexity and  Implementation
Analysis”, IEEE Transactions on Circuits and
Systems for Video Technology (Volume:22
Issue:12, pp.1685 - 1696), Dec. 2012

WH Son and IC. Park, “Prediction-based
Real-time CABAC Decoder High Definition
H.264/AVC”, Circuits and Systems, 2008. ISCAS
2008. IEEE International Symposium, pp.33-36,
Seattle, WA, May. 2008.

Jian-Wen Chen, and Youn-Long Lin, "A
High—performance Hardwired CABAC Decoder
for  Ultra-high  Resolution Video”, IEEE
Transactions on Consumer Electronics,
(Volume:55 , Issue:3, pp.1614-1622) Aug. 2009.
Yuan-Hsin Liao, Gwo-Long Li, Tian-Sheuan
Chang, "A  Highly Efficient VLSI Architecture
for H.264/AVC Level 51 CABAC Decoder”,
IEEE Transactions on Circuits and Systems for

[4]

Video  Technology, (Volume:22 , Issue2,
pp.272-281), Feb. 2012.

[8] Yongseok Yi, In-Cheol Park, "High-Speed
H.264/AVC CABAC Decoding”, IEEE

Transactions on Circuits and Systems for Video
Technology, (Volume:22 , Issue:2, pp.490-494),
Apr. 2007.

Zhang, P, Xie, D., Gao, W., “Variable-bin-rate

CABAC engine for H264/AVC high definition

real-time decoding.” IEEE Transactions on Very

Large Scale Integration (VLSI) Systems,

(Volume:17 | Issue:3, pp.417-426), Mar. 2009

[10] P. Zhang, “Fast CABAC decoding architecture,”
Electronics Letter, (Volume:44, Issue:24, pp.1394
-1395), Nov. 2008.

[11]1 HS. Kim, KK. Ryoo,“The Hardware Design of a
High throughput CABAC Decoder for HEVC”,
The Korean Institute of Information and
Commucation Engineering, (Volume:17 |, Issue:3,

pp385-390), Feb. 2013.

[9]



164 HEVC T22401 HSH0l To|Z2tel- 5 CABAC 22317| 47| #2352

o £ 543 9) =R R EE)

2012 s ohelu A skt 19800 A&t #pe skt
shA} £9]. SHAF 4

2014 Feoista 7 FH s g 1982 = atelr] el A7) o
A E41. AApestat Aa E41.

<FHAROE 0 FAlE A,

19891 e AF A= g o bl

VLSI, Embedded System > A&ty vhAp =41,

(983)



