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ABSTRACT

This paper proposes an efficient binary arithmetic encoder hardware architecture for CABAC encoding, which is an
entropy coding method of HEVC. CABAC is an entropy coding method that is used in HEVC standard. Entropy
coding removes statistical redundancy and supports a high compression ratio of images. However, the binary
arithmetic encoder causes a delay in real time processing and parallel processing is difficult because of the high
dependency between data. The operation of the proposed CABAC BAE hardware structure is to separate the
renormalization and process the conventional iterative algorithm in parallel. The new scheme was designed as a
four-stage pipeline structure that can reduce critical path optimally. The proposed CABAC BAE hardware architecture
was designed with Verilog HDL and implemented in 65nm technology. Its gate count is 8.07K and maximum
operating speed of 769MHz. It processes the four bin per clock cycle. Maximum processing speed increased by 26%
from existing hardware architectures.
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Fig. 1 CABAC Encoder Block Diagram

o]} 7]= o]F Fho] ofd AlE|A @ A (Syntax
Element)E ¥ AEF(Bin String)elgl S8+ o|%] A
LR AR o) gk 7= AlEs a4
- o|s}t e st Heh w1 HdEs F
3} EE20] 2 AR Zkel Tul(Context) o]-8-5ko] &
B we) ShE-g ARt o]l Ake R oAl
st ¥ el HIBin) =1 2] o] gHE g 0|83
o] ¥ $9|(Range) S st F33k= 4=afvtch # ¢
7} A4 37)(256) nRro.z x| A B HolE )
A7 51= A% F3KRenormalization) 42 =345},
N3} 2ol A B EAE Z(Bitstream)S A A3}
o|e7|5 AA o]xlstE Wl AqH(Regulan) =, -
3|(Bypass) L=, EA(Terminate) 2=2] Al 7}4] &
2 ol Abs FIoE iRty AfiEs Y B
dzjol A A F 25 ZHpStateldx, ValMPS)S 7}
L Fos) gtk foREs E ndeE AMSHA
qom FUT FERZ NS Ko} Ity FREEE
&efo] 20| TR o5 Al A8 A @y (end_of_
slice_flag) <] ¥1-& H-5 3} g

u] l-Oif oﬁ

2 2, Binary Arithmetic Encoder Process

o171 Ak 5 3h o) welejo) A B8 g wol
A Hlof thsto o3 4ha Fooks 3dteh 19 2
L o]7l Al R Este] IS Holzet

== ®l gh(binval)2 ‘1,0, 0, 0], 7] =
29 Zro| pStateldx=0, valIMPS=02- 7}4 7-9-9] o]%]
Abdr 55} B4-S ohea} ZeHe]. Range(?A) 77+

775



SHEM B ELISHS|=EX|(J. Korea Inst, Inf, Commun, Eng)) Vol. 21, No, 4 : 774~780 Apr, 2017

ook Low(H 2 FAIZN S 2718 5103 00],
A WA Y HE= He ‘1o]m 2 MPS(Most Probable
Symbol) 2} LPS(Least Probable Symbol)E 274 3171 ¢]
3] vaIMPS2} binValE v|astc} & A vl MPS Q] 7k
o t}27] o] LPS7} Alel o] LPS2] 1912l 240
2563} 2] w o] A Tet L S E
3k, Update CM(Context Model)2 53}o] valMPS¢}
pStateldx 5 th2 ®lof tigh & Hd gro 2 {g|o]
Exqtth CABACE A7 ++3t S 3 < wjmjct 1)
EAEYL ZUFALY, HEAEY 2HS 97 2]
H| E(BitOutStanding) & Htllo|E girh o7l Abs
33} RangeE Al4tsfolrt Lows A4r & 4= 91,
Range®} Low7} YJu|o] E Fojopnt b3 Hl-& H5 o}
3 < qlek Rk, AgHeh B e YusdA 2
611 HkE 7] o] o] Al R Ee} Hguict 40
E= Al S o] AASHA] gdtt ]9t Zho] CABAC
9] o] Als R537]= TA 119 Holg oE=7}
Eot e glo] TRl B AT} 1k F2S oA
gt

A bt oK A B33 =
2] AlA 7]E] HHEAQ] dae|ES HE
3o 2 X Critical PathE 2202 &Y 4= &= 474
gfolzel Fr2= A HUAok E3F, IRHAQl 2
= HEAER o] 7hHo|n g v s F5t

o 2
o
=
ot

o &
o

N

of v
EXEYS FYSHAT AQKSHE TaE fA HE
£EYO| A4S tehft HEe} MEAEYS 29
sfo] wlmel S ALgaHA) ghomE M WAE S
ol
" stage1
" “stage 2

Stage 3
Range low renorm. & T
1 1 (510) ¢ valMPS = 0 Information bit gen. OWa10b
1 I 1 Stateldx = 0
MPS LPS ‘ bos_ent
L(D 270) | (240) | binval=1 | e el (el
| | Updated CM Stage 4
g I I I Bit generation ]—> Bitstream
E - 770 240 ! ; i
El - Result
3 st . Rangei Fig. 3 Propose Block Diagram of BAE
oo e (480)
= |
ol 1 valMPS = 1 .
3 ou gfos) i éﬁfn ! Stateldx = 0 3.1, Probable Symbol and rLPS decide
28) 1 binVal = 0 _ -
= | B . Stage 1041+ @A) Wlof thato] MPSS} LPSE 4]
g} | IP =0 = 5
3! r—_—— (V)T o] AR =, 17} o] £uj melzo]
3 .- 240 |
B - Rinadl Result A olgulkoe. & 7H 3 4yl 7}#]e
s - LPS ¥9] 5122 Z3ic),
1toY a4 (240) valMPs = 0
e 1 Stateldx = 0
21 i | binVal = 0 bin=MPS  if. (VaMPS= bin) 1
s —— 1 Udtd CM bin=LPS  if.(ValMPS# bin) @
§ 124 240 64~ - Range tateldx
i 301 ~ (480) e
o3 ~, 1' ‘1’ Output
= — I — 1 bitOutStanding = 0 Table. 1 rLPS Table
> Tlow 1
253 227 p Rangeldx
gleg B I 2 IS pStateldx qrang
o I 1 pStateldx = 1 0 1 2 3
o/ 1 binval = 0 0 128 176 208 240
3 lg 253 301~ Range Updated CM
= 6~ 608 L 128 | 17 | 197 | 2
g' 1 S Result 2 128 158 187 216
(96) (230) (216) bitOutStanding = 0 6l 6 7 9 10
Fig. 2 Process of Binary Arithmetic Encode 62 6 7 8 9

776



3.2, Range Update
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Table. 2 Low renormalization table according to number
of renormalization

iviLow Index Cnt RenormE

0 1/2|3|4]|5]|6
[9]=1 or [0]=0 iviLow| A|B|B|B|B|B
[9:7]=111 or [7]=0 iviLow| B|A|B|B|B|B
[9:6]=1111 or [6]=0 iviiow| B | B|A|B|B | B
[9:5]=11111 or [5]=0 iviilow| B | B|B|A|B | B
[9:4]=1111110r [4]=0 |iviLow| B |B | B | B | A | B
[9:3]=1111111 0r [3]=0 |iviLow| B | B | B | B | B | A
A iviLow << Cnt_RenormE
B : (ivlLow << Cnt_RenormEg) [MSB] <=0
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Table. 3 Bitstream information bit table according to
number of renormalization
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Fig. 5 Architecture of Bitstream Generation

Table. 4 Table for Bitstream output

bos_

ont Bitstream

0 {Low_data[6:0], (31)0)}

{Low_data[6], ((1)~Low_data[6]), Low_data[5:0], ((30

{Low_data[6], ((2)~Low_data[6]), Low_data[5:0], ((29

)0)}
( )0)}
{Low_data[6], ((3)~Low_data[6]), Low_data[5:0], ((28)0)}
{Low_data[6], ((4)~Low_data[6]), Low_data[5:0], ((27)0)}

BIWIN|F

28 {i_ow_data[ﬁ], ((28)~Low_data[6]), Low_data[5:0], ((3)0)}

29 | {Low data[6], ((29)~Low_data[6]), Low_data[5:0], ((2)0)}

)
)
30 | {Low data[6], ((30)~Low_data[6]), Low_data[5:0], ((1)0)}
31 | {Low_data[6], ((31)~Low_data[6]), Low_data[5:0]}

|(J. Korea Inst, Inf, Commun, Eng.) Vol, 21, No, 4 : 774~780 Apr, 2017

3.5. Multi-bin Architecture
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Table. 5 Gate Count, Maximum bin processing and
Maximum operating frequency according to BPCC

BPCC 1 2 3
Gate Count 3.17K 5.7K 8.07K
Max. Freg. (MHz) 1,530 1,110 769
Max. bin Processing (Mbin/s) 1529 | 2,219 2,307
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Table. 6 Hardware comparison

CABAC #23p7| & 9I8t 1% 0Tl &b&

2330719| 487

Chen[7] Fei[8] Peng[9] Zhou[10] Proposed
Format H.264/AVC H.264/AVC HEVC HEVC HEVC
Throughput (Bin/Clock Cycle) 1.42 4 1.18 4.37 2.99
Max. clock Freg. (MHz) 222 279 357 420 769
Technology (nm) 130 90 130 90 65
Max. Processing (Mbin/s) 315 1,116 440 1,836 2307
Gate Count (NAND gate) 147K 8.22K 249K - 8.07K
V. 7E=l E [2] Joint Video Team, Draft IUT-T Recommendation and Final
Draft International Standard of Joint Video Specification,
Aoksls o] 7] Al HE3l7] slugo] 1Rl HE IUT-T Rec. H.264 and ISO/IEC 14496-10 AVC, 2003.
oA Al B35} 7]20] A7 AR 7FAA| [3] V. Sze, and- M: Budagavi, “High Throu-ghput CABA.\C
217 oIl ARFE} TS B A el pas Entropy Coding in I-lEVC," IEEE Transactions on Circuits
= = and System for Video Technology, vol. 22, no. 12, pp.
7]';(] E]' Zﬂ?_]—ﬁ‘]-—LL—‘_— :ILZ‘(—"C_: 7]’%@ c\’l H] EXE E]U'J H‘)l: 1755-1764, Dec. 2012.
E Uell= S8 E AAdste] wiglo] A3 st [3] J. Myoung, and K. Ryoo, “The Hardware Design of
G HEAEYE ST ¢ QS AA st st CABAC for High Performance H.264 Encoder,” Journal of
o] HAS =t A¢otsl= o] Als HEs|= A the Korea Institute of Information and Communication
o]Z o 3719 W& sttt 65nm ZA o= AT Engineering, vol. 16, no. 4, pp. 771-777, Apr. 2012.
A} Ao|E 4k 8.07K, o] E2FEuls 769MHz [4] H. Kim, and K. Ryoo, “The Hardware Design of High
2 2] ¥l 2 2]=EL 2307Mbin/so|th 7|E TxE A throughput CABAC Decoder for HEVC,” Journal of the
o] 714 22 Zhou[10]¢] F1= o] TxHj8] ) 1l Korea Institute of Information and Communication
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