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Abstract

In the HEVC CABAC, the probability model is updated after a bin is encoded and next bin is encoded based on
the updated probability model. Conventional CABAC encoders can encode only one bin per cycle, which cannot
increase the encoding throughput. The probability model does not need to be updated in the bypass bins. In this
paper, a HEVC CABAC encoder is proposed to increase encoding throughput by parallel processing of bypass bins.
The designed CABAC encoder can process either a regular bin or maximum 4 bypass bins in a cycle. On the
average, it can process 1.1571.92 bins in a cycle. Synthesized in 0.18 um technology, its gate count, maximum
operating speed, and the maximum throughput are 78,698 gates, 136 MHz, and 261 Mbin/s, respectively.

HEVC CABACoIA = stvhel Hlg Ro5slst & & g
F5gsttl. 71¥ CABAC 353171 wl AlolZwitt 1719 Hlvtoles R 53slA] Rated A
Atk 2 =AM FE 2Ho JJuelEVE Hagle $3 Ns wEAME FozA HEs&S U HEVC
CABAC #33t715 Agtgtrt. AAlE CABAC H-wstrl= uf AbolEnirt 1709 Aaf W& HgstAY d 4709
$-3] & YT S glon FHyHow u] Aol 1.1571.9270¢ W& A F} 018 um sAHNA FAE A}
AolE = mEEE E33to] 78698 AlolE, Al 3 &%= 136 MHz, ol A &2 261 Mbin/se|t}.

Key words - HEVC, CABAC, multi-bin, high-eflficiency, parallel-processing

* School of Electronic Engineering, Soongsil
University 1. M2
* Corresponding author: sslee@ssu.ac.kr, 02-820-0692
% Acknowledgment

(11,021 2] = Oﬂ 1= a 5
“This research was supported by the Industrial Core HEVC AME AEZT
3] Z

Technology Development Program funded by the g &0 =2 & 7uk A

A T

%/Iinisltry of ?re;ie, .Inc_iusgy _& SEne_rgyd (10052C0097 3 3} (CABAC: context—adaptive binary
evelopment o uturistic  Fusion-Semiconductor Core 5

P).” arithmetic coding)® ' o] g&3te] R asls 4
Manuscript received Dec 20, 2015; revised Dec 25, 2015; g3l CABACOI A= 3tve] ¥l (bin)S 33+
accepted Dec 28, 2015. & 5 g ndS guo]Esi ddolER I
This is an Open-Access article distributed under the terms = o o Mo 1= sl S o
of the Creative Commons Attribution Non-Commercial ' EEE  WE Foset E]'- olel et W&
License (http://creativecommons.org/licenses/by—nc/3.0) which A= TEL I A e FATHoEE A Hl
permits unrestricted non-commercial use, distribution, and o] M5y} By Ao #E wdo] <ol

reproduction in any medium, provided the original work is
properly cited.
(583)



Design of HEVC CABAC EncoderWith Parallel Processing of Bypass Bins

bins Binary Arithmetic
i —~ Encoder
SyHeR loop | [Context Regular
element HModeler | Cod.ing
Engine
bmary valued f
syntax element egular Bypass
Bire Coding [™.
bypass Engine
terminate _|Termination
Engine
bitstream | Bitstream
Generator
Block diagram of HEVC CABAC encoder

Fig. 1.
1

a3 HEVC CABAC &

SEPle EEE

o] o

E 5~ 8lo

grol by WS H3gd St
CABAC #-33t7]= wf Ate]Ewtrt &prpeo] wint
—riﬁr— /n 01]:}[6]

ks 7IdA s A7) Fohsk A
A%k A4 o2 oo H A F7tst
I, 94 45 71He o2 T2 Az = o
# e stEddz ¥E AgEs Fdstr] "W
st=dlole] Av|= FTHEAJA Tl &
TA7E ®A4 Y2ed. a28v CABACS ZF Hl9
Fosts #atd o g Fas)of 57| witol
Ag 7t g $w stW A717F UHD (ultra
definition)#o] =W 3t=glo] Fd B H
AystA Ao,

mao A e ol EAHS
Aol E7E FQglo]
wEHe FoEA A&
HEVC CABAC *-33}7]
ol = FdstaTh

i

i
=

ol o2

=
ﬂ;‘
g

3

fr po

nj

=€

2

Nd &7
27
_%_
]‘_—_.

(throughput)&
A QFstaL o]

Ell
=o0
s
=
= =

sk
II. ob7 & X A
1. CABAC #3319 F2 24

CABAC

(binarizer),

¥EeE Y

=]
ikl

13 Zo] o]xlg}7]
42 (context modeler), ©]%

At& K 353}7] (binary arithmetic encoder), B E

_J_

A4 7] (bit generator)e] 47 REEZ G HT}
o|1st7]e A= oK o HAHA ¥ T
24 (SE: syntax element)®] #< 279 )

of Wi YO o Wstarh

ol 7|5 T3 WE (binstring) &2

U

EEES

L

(584)

125

-l pStateldx= =4
EEEs AAe RES A
%3] (bypass) BE=of

akA] Al

probable symbol) &,

JHET o]EA &

T (regular) ==

A= o7} 3

gES ARES
=

=

=]
T 2d

£ (terminate) =7}
Z3}t7]el M=

& o183 Azt

CABACY ’\1

o
=]
=

1=l
=

L
R

B
5} g,

At F53}
LPS (least probable symbol) FAE& HolE
2 A & dA " E MPSe 143 LPS
o Ao w B 1
o g WAE
(renormalization) 7}

4itehe FAs o

3= CABAC H 3371 A
e 7]&E3 5A3HA v AL
]‘ﬂ' OQ L=R==1 E;ﬂ—

ANAA F Al H

7] e
g7

291 FIFO ® =g 7} EAjgt}, o
= Fostrle] Ag ARIrst HAelA HEE
a7l AAiA = ske] Hlol 07 Alo]F o]
A o714 HIE BA7E A A sl A
4 45
7]l
&2

o)

A
FIFO v &



126

Syntax Element

...................... I

| Binarization of Input Values ‘ Binarizer
| FIFO (42bitx 2depth) E
‘ | Context
! Modeler
‘Context Modeling & Mode Decision‘ |
| Updating Context Model ‘ Binary
’v iArithmetic
| Updating Low & Range ‘ ‘ Encodat
| FIFO (20bitx 64depth) E
‘ Bit
1Generator
| Generation of Output Bits ‘ }
Bitstream

Fig. 2. Processing flow of HEVC CABAC encoder
a2 2. HEVC CABAC £33t7|e XMzl 58§

ck Lrmnmrgmnmnrrimrgrrnrry

SE AEED_se2 ]

Bin string ]-"mt
Bins 2222 H7Z( 7 {0 Yiotof i
Length WJL){___X_LX—}L
Mode.: ﬂﬂf)-\ XX CI/|
CTX Model 7 i A

CTX Update Z A0 U2 )
Range update U-—T—WF
Low update : e Ao 2 ey

Bits_inf update |5 )@( 73 WEN H.’I
Bitstream —Z~ iz 2 777777 Bisveam ||
Length e 72K 2 /i

Fig. 3. Timing diagram of HEVC CABAC encoder
12l 3. HEVC CABAC F#353t7|el Elo|2

o] CABAC - 3%3}7]9
2 33 2k
7o Alo]Eq

g5 AA £
, 33 2=
mdajo A At B

= ==
Po Js Ay

2k
FIFO WX
o]

=
RLS
=

H
2
=

Hlo] &3
FolA L At A A
7 Ak FostrldAs " Alo] £
CTX Model: context model)& ¢ dl9]
g ddatn, o3 Ato]Ee 14
JuolEgttt. HE 77 AA ket
FroA AT A wE HE A4S
AR HQsHA A

e EMICE P

huil]
&l

]
42

A7 7 31

T

M 9]

j.inst.Korean.electr.electron.eng.Vol.19,No.4,583 ~589,December 2015

Input Signals (SE ID, Value, Bl Information, Block Information )

p—— e E———

| Value & Bl Information

‘ FL ‘ ‘ TU ‘ ‘ EGK ‘ ‘Combined‘ ‘Custom‘

SE ID, Block Information

Binstring & Binstring Length

Fig. 4. Block diagram of binarizer

O 4. olzleble| 28K

HRA=A oot 2 AN AdE AR
tol RlE Q7|2 ddstojof gt

< FIFO W=®g & #AA
2 WgEo

B >
Lol

2 W oo o

ol ¥R
[}

L

L
-
puld

A

=
=

HE A

N
=

. #+4 25 44

_‘Q_&

4= (single) ==,
, %% (custom) RER F2AHE
Do 7B o] 3} WAl
(FL: fixed length), w3 (TU:
k2 A4 FE (EGK: k-th
FollA shhel gA o

(combined) ==

= e
4 Aol 2t
truncated unary),
order exp—Golomb) 2]
2 olXstE Fasitt 23 HEoAE o&S
et olxlstE FastH, ddlm dA 2ol
22 (TR: truncated Rice) W21 TU %27 FL
Z o] th. RooAs vy A
Apgatel ol dste A RTHY,
AbolZell 17Hell A Hol 3170 €]
o wlE] 9 Zdefo|r= 3
4719 WI7ZkA A7t 7hsstE R
stite] o]zl sl7]vt A3ttt

3k ul—z =]

233k
=
1AL =2

=
= &
“

{1



Design of HEVC CABAC EncoderWith Parallel Processing of Bypass Bins

Input Signals
(SE ID, Binstring, Binstring Length, Block Information)

| FIFO42bx 2depth |

l

‘ Encoding Mode LUT | ‘ NB Data Decision |

~x 0 Z

Bin Tndex & Length
s Decision

Bin Separation

B P

B P

Bin Inde

Read from

CTXMemory

CTX
Address |

Length Mode

Fig. 5.
ag b,

Block diagram of context modeler

29 pHRe BEE

EdEe dHoeR Nds

(encoding mode)&
Atk Aqft B=d

4% Best Jud, B

EEE

(586)

127

Input Signals (Bins, Bin Length, Encoding Mode, CTX Model)
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Input Signals (Bit Information)
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Table 1. Simulation results

E 1. AESyold Zt
Sequence |7 8N Qp |
0 1.92
Nebuta Festival LD 7 1.76
(10 bit, 2560x 22 1.35
1600 pixel, 0 1.89
60 frame/s) RA 7 164
22 1.40
0 1.57
Traffic LD 143
(8 bit, 2560% 22 1.24
1600 pixel, 0 1.50
30 frame/s) RA 7 131
22 1.16
1.67
People On Street LD 145
(8 bit, 2560% 22 1.28
1600 pixel, 1.62
30 frame/s) RA 138
22 1.23
1.69
Basketball LD 1.40
Drive (8 bit, 22 1.17
1920x1080 pixel, 0 1.60
50 frame/s) RA 7 134
22 1.15
HAHE o] &3l HEE AAdstt. OUT_CNTel
Ae AAAE HMESC digh ZR7E sk ool
NS A5 IDLEAA 95 X3 Yz HE
E5 99t NEXT dHdA= @A vE 3
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g % FIFOEYH ts HE HHE 83
Eol2 HE ARV &dtol29 Frdd e A
HE 723 )& 749 EOS ZH = HO]QU% 9
A (flushing) &2+<S -3 gt}
V. M5 BN TH 2 4B
AAE F3strle] s B4 Sl
HEVC ®l2=E =mdel HMI1PE AEdolae
Fa st A" 9G4S Nebuta Festival,



Design of HEVC CABAC EncoderWith Parallel Processing of Bypass Bins

Table 2. Implementation results

#2 T Zn

Technology (um) 0.18

Maximum Throughput (bin/cycle) 1.92
Maximum Operating Frequency (MHz)| 136
Maximum Processing Speed (Mbin/s) | 261.12
Total 78,698

Gate Binarizer 2,652
Counts Context Modeler 28,433
(gate) Binary Arithmetic Encoder 5,943
Bit Generator 41,632
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