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Efficient Transformr Domain Bit Rate Estimation Technique for CABAC

SUN Shirwei, CHEN Shuming, LIU Xiang yuang
(School  Compute Science, N ational University o D¢ense Technol gy, Changsha, Hunan 410073, China)

Abstract: CABAC is the entropy coding method adopted in H. 264/ AV C main profile, and the combination of RDO and
CABAC can represent an improvement in bit rate of around 20% . During the RDO mode decision, entropy coding is performed for
every candidate encoding mode, which increases the compuation complexity of video encoding drastically. To avoid the expensive
computation of Lagrange costs, this paper proposes a transfornr domain bit rate estimation method for CABAC for the fird time, in
which the bit rate is estimated based on the quantized transform coefficients and the motion vector differences. After that, a fast
mode decision algorithm based on the bit rate estimation technique is presented, in which the bit rate estimation is performed instead
of actual entropy coding in mode decision, thus reducing the compuing time of H. 264 encoder. Simulation results show that the
proposed transfomr domain bit rate estimation method for CABAC achieves about 51% computation time reduction of Lagrange cost
for mode decision and saves about 33% total encoding time with FS(full search) motion estimation algorithm, while the losses of
PSNR and bit rate are negligible.

Key words:  CA BAC; entropy coding; bit rate estimation; RDO mode decision; L agrange cos

1 Lagrange :
J=D+ AXR (1)
H.264/AVC  IIUT  MPEG , A Lagrange , QP ;D
s , ;R
[3] RDO  CABAC

- CABAC( Context- , RDO  CABAC 20%

Based Adaptive Binary Arithmetic Coding) ", , ,
) 50% .
RDO( ) I, :

[4~ 10]

: 2007 08 03; : 2008 05 15
863 (No.2007AA017Z108) ; (No. 20059998026)



8 : CABAC 1513
s low , range [0
) s x100,0x 1 ff] , range
, law s low
RDO RDO .
) CABAC
[3] .
RDO RDO , :6
, RDO 1 MPS . MI10.2
. 852 1,
(
) (- 5] 3 CABAC
( ). 3.1
, CABAC : LPS
s Pips, x LPS 1 :
) 2% Pipg= 2° (6)
. 1 LPS Bips
[ 16, 17] CAVLC( Bips= InPrps/1n0. 5 (7)
Context-based Adaptive Variable Length Coding) , 1 MPS
? BMI’S
Bups= In(1- Prps)/1n0. 5 (8)
RDO ’ (1) (8)  .Bus Buy P
CABAC.
CABAC Bins Byps :  LPS Pus (0,
, 0.5/, 10 ,
’ L% ’ Bips  Bups o
s 33%
1 Brps  Bups
2 H. 264 CABAC PLI’S BI/’S BMI’S PII’S BLI’S BsW’S
(AC) 0. 05 4. 32 0. 074 0.30 1.737 Q515
,CABAC 0. 10 3.32 0. 152 0.35 1.515 Q 621
[ 18] . 0.15 2.737 0. 234 0.40 1.322 Q737
LPS( ) Pus € (0 0.20 | 232 | 0.322 | 045 | L152 | ase
0.5/, law range 0.25 2. 000 0.415 0.50 1.000 1. 000
2 s LPS CABAC
MPS( ), LPS, ;
low = low+ range— range X Ppp (3)
o Bgsr= Bips X Nyps+ Byps X Nypg (9)
MPS,
= —_ X . 4
range e, k;;‘nge lrange R p (5) /16 7 E_-I,‘h
new — LOW ( ) BT(QP, E_’) : BC
’ ranee (QP7 g), BM(Opv g)



1514

2008

BH(QPa g)? BH(Qpa g)

(CBP)

>

Br(QP, &)= Be( P, &+ Bu(QP, &)+ Bu( QP §

(10
3.2
[ 18] CABAC
( )7 6
, coded - block_ flag, signficant- codf -

Sflag, last_ signficant _ codf _ flag, codf_ greater_ one_

Sflag, codf - abs_ level- minus2  codf - sign_ flag.
, H. 264 (
IM10.2  signficant_ coeff _ flag 150 ,
codf _ abs_ level _ minus2 50 ).
0 1
o1 2
CIF Foreman 1 (I ) 10
(P ) 198 , signfficant - codf - flag  co-
df _ abs_ level_ minus2 0
( )-
7
—— MB 198, I'i5j
s —< MB 198, P
s |
m
&/ 4l
)
= 3t
_I_]
2k
1
0 44—tb——b - 4 8

05 06 07 08 09 1
P,

B 1 significant_coeff flag A[F_EFXH P,4>rAm
6

>

0 01 02 03 04

0 1 ,
PLPS'
0 1 ,
s : Numrwnzeroi codf>
0 5 anonei coeff > 1
5 Poshst coeff > 0 5

S UM tyminus2_ coff> ! ’

25
—+— MB 198, I'hi
-x— MB 198, P
20
I 45}
]
b
= ol
5 I
0 s - e LAY S

0 01 02 03 04 05 06 07 08 09 1

P,
B 2 coeff abs_level minus2 RF_LTF 3 P34

( 15 13
)‘ >
coded _ Hodck _flag, 1 )
0, 0

signficant_  codf _ flag,
Num””m’m* codf 1’ Pos last_ ’«’fo_N UM onzero coeff 0( 16
X 16 AC ,0

1).

last _ signfficant _ codf _ flag,

an nonzero_ coeff — 1 O, 1 1

codf _ greater _ one_ flag,

Nu’naw_ codf 07 Numnmzero_ cogff — Nmone_ coeff L.
codf - abs- level - minus2,
Num nonzero  coeff N umolwf coff Q S mab&mlﬁmqu codf L. >

codf _ abs_ level _ minus2

(
15,

codf _ abs_ level _ minus2

>

). , codf _ abs_ level _ mi-
nus2
codf _ sign_flag,
, H.264 codf _ sign_
Sflag ’ 0
» Numugzero g
. coded_ Hock_flag  codf_
sign_flag, 0 Numypers wg
) 4 , Nyps
Nups . ’



8 : CABAC 1515
LPS  MPS , LPS Pps, ,
1 Birs  Buwps.
9) .6 . .
3.3 4
[ 18] CABAC
( ), 3 H.264 ( MB)
R significant_ mud _ flag, mod_ abs_  level _ ) 3 ,» RDO
minusl  mwd_ sign_ flag. , 3 : P8 x 8 , 14MB
3 MB
0 1 . Pyps. [ @@ arom ]
0 1 B
| VIt MB |
’ !
. | HEAT P16 16 Wi A1 LA FL M |
s ’ Nu’nzero mud > L
0 N 0 | i riexsH X1 U B
5 SUM pinusl > 0 BEAT P8 X 8 WAl BEA FiLd - #9% Lagrange ¥EZR{H M 4
- WifElHER P8 X 8. P8X4. P4X8FIP4X4 ks BAERER
1 ( 14, T
13 ). BEAT 14MB Wi A BECTM : HRYE Lagrange FEZR (X MB 1
I 164 4 X 4 B 9 Fid A Tt A5 o 3 d X
> ]
ignificant d , HEAT 116MB W BT :  HRHE SATD {HM 4
szgnﬁcan - _flag THO A T A X o 3 B gt A AR X
Nurnzeroi mud 07 anrwmﬂ'oi mud L v
; 4T MB BiX k. R Lagrange $E3%1H P16 X 16,
,m}d_ abs_ leuel_ s 1’ P8X 16,P16X 8,P8 X 8, 14MB and 116MB H % £ 5 £ L =,
Numm)nzemi mud 07 SwnaltminusL mud L ’ | ¥ |
. FERAER R T X MB BEAT 1 46
codf - abs- levelT minus?2 , ;
mud _ abs_ level _ minus1 | G MB 4K I
: B3 ERGEEARRE
mud _ sign_ flag, , P8x8 , Lagrange
. H. 264 mod_ sign_ flag ,
s 0 ;  14MB
5 annonm’oi md. ’ Lagrange
R mud _ sign_ flag, ;
Numnmza’oi mud ’ 2 s MB N Iagrange
NLPS NWS s ’
Bips  Burs ’
9)
RDO
CABAC s La
3.4 grange , 5
, (10) . CABAC
(9) . . B. ; :
(P& By(QP. %) , s mps
By(QP. &) By(QP, &) Pirs

; (9)



1516 2008
5 2
[4.5]
, JM10. 21" ’
, ) 4 CIF Foreman JM10.2
PSNR( peak signat to- noise ratio) il ,
. JM10. 2 s
PSNR PSNR
s [4]. 3
Nrcwr  Xrows MBit-rate ATt APSNR NBitrate
APSNR , IM10. 2 (4| -59.825% | - 0.244dB | + 3.712%
Kroew  N'ora il [5]| -48.332% | - 0.238dB | + 3414%
RDO . MBitrate ~50.82% | - 0.101dB | + 1607%
, APSNR
PSNR , [ 16]. 39
: Intel Pentium4 2. 0GHz CPU, 512MB 38
DDR , Windows 2000 Professional 37
5.1 I g
: RDO; CABAC § as |
; GOP it ; Hadamard ; & a4 -
28, 32, 36, 40; 10 azl
(300 ), CIF  SIF 30fps(  / 30| —w— JM10.2
-s¢- Proposed
) 5 QCIF 15fm 31 1 1 L L L L L L s
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
2 s N roal 4 Bit Rate/kbps
;. ABitrate APSNR 4 Foreman 5% III1 4555 B 2 S B gl 28
JM10.2
, [20] , 5.2 IPPP
: RDO; CABAC
2 10 ; GOP IPPP ; L;
A1 APSVR ABit rate s, 16; Hadamard :
News CF | - 47.658% | - 0.075dB | + 1.097% 2,28,34, 40, 10
(30 ), CIF SF 30fps,
Foreman CIF | -47.128% | -0.076dB | + 1.321%
QCIF 156ps.
Cossteuard | CIF | - 49.168% | - 0.148dB | + 2.9%6%
. 4 s AT Total AT RD Cost
Mobile SF | - 8.057% | - 0.000dB | + 1.068% 4 . Mirrae  APSVR
Stefan SF | - 51.492% | -0.125B | + 1.605% M10.2
NewsQ QUF | - 0.767% | - 0.071dB | + 0.932% [20]
CaphoneQ | QCIF | - 48.459% | - 0.091dB | + 1.421% 5
ForemanQ | QCIF | - 49.763% - 0. 094dB + 1.575% s PSNR
Coastguard) | QCIF | - 51.288% | - 0.137dB | + 2. 598% [ 16] ,
MohileQ | QCIF | - 53.542% | - 0.103dB | + 1.292% , [16] CAVLC
- 0.22% | - 0.10dB | + 1.607% ’ CGALC, ABAC
3 , RDO
2 I 2 2 2
[4.5] ; /9. 10]



8 : CABAC 1517
; [9, 10/ ,
RDO >
4 TPPP , CABAC
AT 7yat( AT Rp o) APSNR | ABitrate ,
News | CIF |- 30.06% (- 48.21%) |- 0.0521B [+ 1.065% 51% )
Foreman | CIF | - 30.36% (= 50.45%) |- 0.05%B |+ 1.460% ) 33%
Coastguard | CIF | = 32.60% (- 50.41%) |- 0.066dB |+ 1.733%
Mobile SIF | - 38.23% (- 54.67%) |- 0.037dB |+ 0.58% ’
Stefan SIF | - 35.69% (- 53.12%) |+ 0.065dB |- 1.236% ’
NewsQ | QCIF | - 33.65% (— 51.63%) |- 0.06B |+ 1.187% |
CaphoneQ | QCIF | = 32.34% (- 50.57%) |- 0. 0484B |+ 0.998%
Foreman() | QCIF | - 32.57% (= 50.70%) |- 0.0524B |+ 1.051%
CoasguardQ | QCIF | - 33.99% (- 51.95%) |- 0.049dB [+ 1.306% [ 1] ISO/ IEC FDIS 14 496 10, Information Technology — Coding of
MobhileQ | QCIF | - 39.05% (- 55.50%) |- 0.(R26dB |+ 0.561% Audio- Visual Objects— Part 10: Advanced Video Coding, Final
- 33.85% (= 5I.72%) |- 0.03%IB |+ 0.871% Draft International Standard[ S]. 2003.
[2] G Sullivan, T Wiegand, K P Lim. Joint model reference encod
ing methods and decoding concealment methods[ A]. 9th JVT
& ol APSNR ABitrate Meeting (JVF 1049d0) [ C] . San Diego, 2003.
[9] Z30.921% |- 0.0794B | + 1. 654% [3] J L Nunez Yanez, V A Chouliaras. Hardware assisted rate dis
tortion optimization with embedded CABAC accelerator for the
[10] - 8.710% | - 0.07&B | + 2. 180%
IPPP H. 264 advanced video codec| J] . IEEE Transactions on Corr
—_ (v - [,
[ 16] 16. %6% 0- OIHB | + 1. 031% sumer Electonics, 2006, 52( 2) : 590- 597.
- 33.8% |- 0-03%B | + 0.871% [ 4] F Pan, X Lin. Fast mode decision algorithm for intra prediction
5 CIF Foreman M10.2 in H. 264 video coding[ J]. IEEE Transactions on Circuits and
PPP Systems for Video T echnolo gy, 2005, 15(7): 813— 822.
IMI0. 2 ’ [5] R Su,G Z Liu, T Y Zhang. Fag mode decision algorithm for
’ intra prediction in H. 264/ AVC[ A] . Pro ceedings of the 31st Ir
42
ternational Conference on Acoustics, Speech, and Signal Pro-
40 |- cessing[ C]. Toulouse: IEEE Signal Processing Society, 2006.
921- 924.
38 |-
z [6] : o
£ 3l [J]. ,2006,34(1): 141- 146.
wn
A Li Shiping, Jiang Gangyi, Yu Mei. New fast mode selection for
#r intra prediction| J|. Acta Electronica Sinica, 2006, 34(1): 141-
32| e TM10.2 146. (in Chinese)
-+~ Proposed [7] , , . H. 264
2000 B0 806 7000 1200 [J]. L2006, 34( 1): 152— 154,

?

Bit Rate/kbps
B 5 Foreman 7% IPPP 4mfS I R LR

CABAC ,

CABAC

Jia Kebin, Xie Jing, Fang Xiang. An efficient intra frame pre-
diction algorithm based on autocorrelation for H. 264/ AVC[ J].
Acta Electronica Sinica, 2006, 34( 1): 152— 154. (in Chinese)
[8] , , H. 264
[J]. ,2006,34(1):31- 34.
Song Bin, Chang Yilin, Zhou Ningzhao. Fast inter prediction
method based H. 264{ J]. A cta Electronica Sinica, 2006, 34( 1) :
31- 34. (in Chinese)
[9] Z,P Lin,H, T, Yu, F Pan. A scalable fast mode decision algo



1518

2008

rithm for H. 264 A]. Proceedings of the 2006 Intemational

Symposium on Circuits and Systems| C] . Island of Kos: IEEE

Circuits and Systems Society, 2006. 3494— 3497.

[ 10]

[11]

[12]

[13]

[14]

[13]

[ 16]

JBu, SY Lou. A predictive block size mode selection for inter
frame in H. 264[ A |. Proceedings of the 31st Intemational
Conference on Acoustics, Speech, and Signal Processing| C] .
Toulouse: IEEE Signal Processing Society, 2006. 917- 920.

T Chiang, Y Q Zhang. A new rate control scheme using
quadratic rate digortion model| J] . IEEE Transaction on Cir
cuits and Systems for Video Technology, 1997, 7( 1): 246—
250.

J Ribas Corbera, S Lei. Rate control in DCT video coding for
low- delay communications| J]. IEEE Transiction on Circuits
and Systems for Video Technology, 1999, 9( 1) : 172— 185.

Z He,Y K Kim, S K Mitra. Low delay rate control for DCT
video coding via domain source modeling[ J]. IEEE Transac
tion on Circuits and Systems for Video Technology, 2001, 11
(18):928- 940.

Z He, S K Mitra. Optimum bit allocation and accurate rate
control for video coding via @ domain source modeling[ J] .
IEEE Transaction on Circuits and Sysems for Video T echnot
ogy, 2002, 12( 10) : 840- 849.

7Z He, S K Mitra. A linear source model and a unified rate
control algorithm for DCT video coding| J] . IEEE Transaction
on Circuits and Systems for Video Technology, 2002, 12(11) :
970- 982.

Y K Tu, J F Yang. Efficient rate digortion esgimation for H.
264 coders| J]. IEEE Transactions on Circuits and Systems for
Video Technolo gy, 2002, 12( 11): 970- 982.

[17] M G Sarwer, L M Po. Fag bit rate estimation for mode decr

[18]

sion of H. 264/ AVC[]]. Transactions on Circuits and Systems
for Video Technology, 2007, 17( 10) : 1402— 1407.

D Marpe, H Schwarz, T Wiegand. Context based adaptive br
nary arithmetic coding i the H. 264/ AVC video compression
standard[ J] . [EEE Transaction on Circuits and Systems for
Video Technology, 2003, 13(7) : 620— 636.

[19] IM10. 2. Reference Software of JVT. hitp://bs. hhi. de/

[20]

suehring/ tml/ download/jm10. 2. zip, 2006— 01- 06

G Bjontegaard. Calculation of average PSNR differences be-
tween RD- curves (VCEG-M33) [ A]. 13th VCEG Meeting
[ C]. Austin, 2001.

, 1979 , 2003
. E mail: sws97@ 163. com
, 1993
VLSI
. E mail: smchen@ nudt. edu. cn
, 1977 , 2007
VISI



