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An Improved Fast Arithmetic Coding and Its Application
in Image Coding
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Abstract An improved fast arithmetic coding is proposed in order to encode and decode image quickly. It does
renormalization in byte style by comparing the width of coding range with threshold, and the output codes are in byte style.
In addition, it deals with the carry propagation problem more effectively without the additional output codes by judging the
current output byte. So the proposed method significantly simplifies the process of encoding and decoding. The experimental
results show that the proposed method runs faster than CACM87 and the method proposed by Jiang. We applied the

proposed method to a 2 x 2 bleck based SPIHT image coding and the results show that the method can simplify the process

of bitplane encoding and decoding.
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AT 4 A 5% 44 B0 40 0 B2 A4 it A I A AR 3, Jiang
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CACMS7 JFe: M LA B L T B L BHEH
— B, XFEI AR AEGUR LA bit Jy B0 B
1,3 B UL bit N AT AT, Bl TEH—
AR AR TE S T i 72 oP 7 7 7 45 1% B0 [ R, TR 3T
HR LS )R 0 3 7 5 A S Ak JX A R AL, 5 S {4
ShHu N T BRI ELRN T AR
ASCHR M —F A B RE T, B A MR E
A —E oy B, (8 B N — LA U7 15 0 AL AT
WA B T B IS — e B HI MR 8 3R A
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TR B 337 £ 48 1o L, 78 7R 20 41 36 1 4 7 R A AR RS R
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2 ERGENERFRE

EEABES WARSHRALO M1 ZH
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4 WBHBRERN

S
L =1 2
now +R 3 (1)
S
H, =L+R>2 (2)
S
R, =H,-L,, (3)

A, L RREFATHI RS X K ERE, H ARE
AR RIS X B R RE,R RREH AN HBX
IF) B4 98 AR, L, AR R BT A0 4 B X ) B I PR M,
H, RREHGHOHD XK RRE,R,., REEH
R HRBXEK FEEME, SRR BRI RS
B s XN E) RITBRME, S, RAMBLIHEA
FERS s WK RITRRE,S RRBRLEITR
BARANSHBREE, B LHMRNEHR
CiBCh b, AT ER AL H 2" - 1,0 h 0, FE4TD
ARG, M TRETETHSEREHEN, L H
MESAWHMER, 24 LA H A REE XA
B, U XA B R A AL LAJR I e S R R AR

FEARAE, BTUARTIE B8 &, 46 o fi ) 4 B9 0, [R] B 48
LMHEB—f, ¥LEF2 ' -1 MHETF2
B, EMREAUERRBEPREEAL,BETE
M EEERNAHRE, LSRR EN R
ABRP—ERRERERER, X ELFRATRE
B, CACMS7 5@fxt L A1 H T i BRe 4 R gLk AT
W, 8 T R I B 4 3 7 3RO 4 T BB RY B
DAk #4b 38 3 #2 B CACMS7 B E A — b 2,
EXE[S]R AT, EH I RE, &AM
WX EFEEM R SHAME 2 AN MR RANTF
207 MRE LA H B A R A R, R B
LYBRAERNEE IR HBR, RABRLAMR
EB—fi. SMELR-IBEBET TREMR,
BRESFEA#HNBR. BHHHBFREEH W
B, LESHA KT 2" IG5, et L {56 AH AL
BET b+, LENBREAERM 1" LR EREH
S R BT — L, BT DL B B 25 0
BRI RE— M 1, 3T i 4 3 69 R RS, X
BRISTRATAETMACE T B, R, X R E K
BB ER S R, O Bt T @
BOHERE,

3 WHMREEARRS

3.1 RBE&HY

BT AT & E IR — R X 55 X [ B 5
BEME RHATEAE FEHBMENABER R SR BX R
BKPRE L A 5%, BT LLRT R AT LR B4 4w A5 05 /8 3k

S X 1 MO IS A L ML R
L. =1L+ R% (4)
e (S S
Ry = Rx(2-2 (5)

BEZLMROBROLER b, HTFEARTER
PEECHR p, GoTH B SRR R I B K LR f, R
2R THERX(4) MK (S) BB ERITE, EMNLHE
WREUTHXER:

O0<b+f<p (6)
0<f<b-8 (7)
MRBERTERCH p=32,0b=20, f=11,

HEF—eEE, R RS XA R EE R /D
FHME2 MERE LMHOERARTHEM
i, BEULEHRBIED BT LNESAR
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FHRBEAE, U EXNFHH BER RO,
R LM R EB—-NFH. ERBESHBE
HEBRERNF2 Rk, TFRAEBN 2,
B AT I3 — 4k LA Byte g 07 347, IF HL %t DA Byte
HEBNRRIBR, MAEXRSIWFEP, B TR
Bk 2" U EIH— 4 bit HEf AT, HE
BEL bt N MRBER. BREEHRBEHE
WEBE,LMHA LHO<k<)IBEAERNME
MR R, TRASCER (S H B T —REE 6, X
St R BFIWTR BN u, A SCH X R AW KB
v, W ku Mo BIRRR

u=mu[%] (8)

MR (8)ATLIE M, # T —REE— I &, A3
HXF R A MR B SRR (S ) T B B B, 5
S ERXFES YHEB - IHESHER IR
BRES R BER
2P <R<2™",0<sm <8 (9)
XEWRE LM HEE m MEBARACERMAFK, B
BT RER 2, Rl T EE i &4, BT L
XmABRRABRMEARWER P BE #H
o BEREMRBIES, MABEEH LR
4 MAEMNA R, B TEERTROREL
B, EFFBIBIHSEE,LFHX n ARE
AR A& BRE, B AR GER 5 558 B IE
Btk
B AR SO E A 2 i B A6 B 1 O, R b R
NERNEOTFEMMENALE, IFERE—1
FHH buf, ARFHRNLPRFBHNAET
OxFF BB, Y4 LI REBHNBERART NN
OxFF B, AL E WS buf, T A EUE% ¢ SRiCR&E
SHE L M BRE A BTN N OxFF 5L 8L, 7] i
RS TS 2 I RFEAFR . YHEMBELE
R, MR ARE TS B L BREN buf 0 1,
RGBT EER o, IR THEES ¢ AN 0, MELR
e~ 0x00, EARBI. LRMLAEIBATE
B 335 10 4 B 3
AT ERHBLIBROT
encode_initialize ( )
5=20,L=0,R=1<b,buf=0x00,c=0,z=0
encode_symbol ( )
encode_update ( )
encode_renormalize ( )

encode_update ( )

L=L+(R+8S,)/S
R=(Rx(S,-8))/8
if (L= (1<b)) |
buf = buf +1
L=L-(1<b)
z=1
f

encode_renormalize ( )
while (R < (1< (b-8))){
if (L < (0xff<(b-8))) |
put_Byte (buf)
while (¢>0) |
if (z==1) put_Byte (0)
else put_Byte (0xff)
c=c¢c-1
!
buf=L>(b -8)
!
if (L= (Oxff<(b-8)))
c=c+l
R=R<8
L=(L<8)&((1«b) -1)
z=0
!
PAEEWSRHMT -
(1) encode_update
B REMERG A O o AR B R
#S,.S, M S, RERAX(4) MK (5)KEH L M
R, M LATET 2" ot B SN IEA, BT
Xt M EG RS W B R — A0 1. b T 250 R R
B — AR K OxFF () F 15 08 B BTE buf P, BT
DASS buf i 1, IR EREFHFS 0 1L, RHK LE
2%,
(2) encode_renormalize
HRANF2 R MR LHBRARETAS
F OxFF, MSEHE buf I F IR EB WAL, F H
AW RS c —RENR O, RARE, M REME 2 #
FRHM, R 2 T 1, MELRE c A0, IR 2 %
FO,MESHH ¢ A OxFF, HIE c HR,RAFI L
HERARFTRES buf; MR LOEREERFHE
F OxFF, Mg e 1, REE LA REE -4
FA IR L A RAECH b, FIRKREFFH
dEE, U EBERKER, EB RERMF 2"
Hik.
ERELBRAABL R b WER VRENFH
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(1) decode_initialize
LR O, R W40 2, H R D 5 A B 48
B i) B B E T b bits B Al U — BRI BERS Vo
(2) decode_get_symbol
SeEAR(10)REBRITARE T, HBELERT
BB F 00 B4 X 1) 3F 4% 30 3% X []] BT % 7 % e 5
5o WFE V/NF LXK T 485 o 72 o 7= A g
B oL, MBI Vi E 2°, DMRIEM S ER AT,

(V-L+1) xS

T =
R

(10)

(3) decode_update

HMTHREFTBRESRGEFEME, BT LA A
2 (4) A= (5) oF 58 57 4% 55 X A B0 1K FRAE L 0 55 E
ER. MELXFEF2, MBWLBE2,

(4) decode_renormalize

RS R B E T — L R AR R SE T I T R RS X
BRI R RHITH, M R<2 B, MIBLAY
WEBREARFNB L, ENEESARE DS~
METROBREBRA V,RRE R ELEB—AFW, I
RIELRA VAR b, L ERIERWHIE
,HB RERMF2 7 HIE,
3.2 EmEZITERB

AT HERBERE TR R R R RTIW
BB MR R ERRSIME. M
REIRE K R RE S B E T84, W Hix s
B S5EEMPFENRIEN —HEHRIELE
Ko ME LR, FTA4EEFTHNL S 4 HRITH
RE,THOATTAS Bl 6 W RITHRME, WHS
AETAR8 WRITERE, —#HHIRTINEH
PRWAREIERXRATUATEREANRFRESR
by = 1+ 1&( 1) (11)

by = 1&(1-1) (12)
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Fig.1 Structure of binary indexed tree
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Example of the initialized statistic model
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FE/NBEAFE BB RE T, R T A MO E
FHEAGSIEOEEFS, - RELBRAER
SR TE S R A0 2% , B8 O A SR O ¥R T BARE A T/
BEBEE S, HTHERA LT EERREBT K
HRE, A B R A R R SPIHT i P H WS 75
B AT ARG, 3R PR AR SR SR g B B8 Ok JE 48 1 OF
AmBIBEHEMEFS, N T ED SPIHT Bk
REMERBAME, A 2 x2 B RBIRIER LIS M
LIP SR —NW M. KT 5XER[9] 8 SPIHT
B AR AT B, A 30 ¥k BB R SC i 48 X R S S0
BRELL2 x2 RERFHAAIH SPIHT BT .

(1) Intialization: output n =| lb( rxlls;x[ | C,; [1)1; set the
LSP as an empty list, and add 'each 2 x 2 block in LL
subband as an entry to the LIP and the LIS, and set all
entries in the LIS as type A entries.

(2) Sorting Pass;

1) for each entry in the LIP do;

@ for each (x,y) in the entry { (i, j),(i+1, j),
(i, j+1),(i+1,j+1)}
if S,(x,y) =1 and it is not included in the LSP,
then output “1” and the sign of C, , and move
(x,y) to the LSP.
else if S, (x,y) =0 then output “0”.

@if ¢ ;¢ c
then move the entry from the LIP.

etj Cijur Cigy, juy ave all significant,

2) for each entry in the LIS do:
@ if the entry is of type A then -
(I) output S,(D(i, j)UD(i+1,j)uD(i,
J+1)UD(i+1, j+1)).
(0) S, (DG, HUDG+1, )HUuD(@E, j+1)U
D(i+1,j+1)) =1 then
(a) for each (k,l) e {0(i, j),0(i+1,
1,00, j+1),0(i+1,j+1)}
- output S, (k,l).
- if §, (k,l) =1 then add (k,I) to
the LSP and output the sign of C, ,.
- if S, (k,l) =0 then add the 2 x2
block including (k,I) which is not
included in the LIP to the end
of LIP.
(b) if L(i, j) # & then move the 2 x 2
block to the end of the LIS as an entry

of type B, and go to step @; else
remove the entry from the LIS.
@ if the entry is of type B then
(1) output S, (L(i, j)UL(i+1, j)ULC(i,
JHUYUL(i+1,j+1)).
(1) if S,(L(i, ))UL(i+1, j)UL(®i, j+1) U
L(i+1,j+1)) =1 then
(a) add each 2 x2 blocke | O(i, j),0(i
+1,/),0(i, j+1),0(i+1, j+
1)} to the end of the LIS as an entry
of type A.
(b) remove the entry from the LIS.
(3) Refinement Pass: for each (i, j) in the LSP, except
those included in the last sorting pass, output the nth
most significant bit of | C; ; I
(4) Quantization-Step Update: decrement n by 1 and go to
step (2).
ATHBMERFNFHAEBIRNEHFS,
BARMEH/AA2 <2 RBERASHWERRER L
T3 AP HESGRBE KRS8 6 FaiisR
R, WA B2 B P AR 48 S RT A 5 B9 AR | LT
IREARFM LT, —#Ea AR E 65 4~ LT3,
REEBAN L T30P, S TR B S F
RKEN THABEREE T ETXHFHHESEKE
(MR 2 FR) o R, ARG EWRELF &
HEBBNFSEEMENB LT RABEEZLT
SCHR A R RIS TR AT R

£2 SPIHT fLTXSER
Tab.2 Context in SPIHT

RIBAR EFXPHHFSHE

e 2

EEm L 2

LIP RV R 16,8,8,4,8,4,4,2,8,4,4,2.42.2
LISEERM A KT A 2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2
LISERM AL HN  16,16,16,16,16,16,16,16,16,16,
BFHA 16,16,16,16,16,16

LISEHRM B KT K 2,2,2,2,2,2,2,2,2,2,2,2,2,2,2,2

5 XBWHERESH

T WA SCHR A BR g Tk B0 4 S
B8, A SO 10 Fh A R B R R K /s B 3044
FTHR, WiREE R CPUL 56G, HFF 256M, & 3
ST AW RS PR S T AR R
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Tab.3 Arithmetic encoding and decoding results
E%%E(%) GRS BT [H (s) R E ()
xppgem AR CACM87  XHR[S5] CACM87  XCHR[5] CACM87  XHR[5]
(Byte) ik IR S &2 e RXOAE | FXE
htm 14485 76.3 76.2 75.5 0.0276 0.0255 0.0198 0.0254 0.0311 0.0159
jpe 27323 99.4 99.5 99.5 0.0467 0.0450 0.0273 0.0470 0.0470 0.0313
xt 30357 67.1 67.3 68.6 0.0470 0.0351 0.0315 0.0470 0.0467 0.0350
cpp 36521 71.4 69.5 67.2 0.0585 0.0411 0.0350 0.0527 0.0489 0.0369
opt 48 640 45.6 45.6 44.3 0.0546 0.0470 0.0446 0.0509 0.0509 0.0370
doc 231424 56.1 55.0 54.2 0.2658 0.2031 0.1720 0.2364 0.2384 0.1624
bmp 921 654 79.3 79.3 79.7 1.3029 0.9220 0.7558 1.1993 1.2128 0.7679
ppt 4828160 91.1 91.1 91.% 7.2577 4.9768 3.9472 6.5840 6.5489 4.0271
pdf 11690915 97.5 97.6 97.8 18.3554  12.5116 9.7871 16.8066  16.6270 10.1091
exe 11745936 94.7 94.6 - 94.7 18.0900 12.386 6 9.7423 16.5526 16.369 1 10.0821

FH R RIIFMGEITEE, NZRERTUF
WA HFERREEFES CACM8T MIXE[S]H
FHERE , WIBEE L CACMST FEEHRET
38% , L XHER[S M FETEBRE T 20% , 553
t CACM87 FEFHIER T 34% , lWICHR[S 1B
ETPHERT 5% . XM ELRERESEN, AN
SiEdES CACMST FEMER - EREX
5 X [8] #9105 FR0E 70 0 FRAEL R 4T 4 71 00 B9 20 %,
ER[S I FEMER—fb B R %2 E A S
X [6) 9% BE 18 5 I B A K /N SR 47, BT DASCER (S5 ] F
W E Bt CACM8T Fikth, MAXFERET
BER RN, FEANOKRE L XIS INFEE
A B A — Ak o F2 O B, BT LA AR SO ¥ 3
BRIS]m k., ERBEES, XRSIHEHR—
LB BAR L CACM87 Fu:faj . Bl TFRE KR
AMBHERNERE, FHEI A MERES
CACM87 FHRERL

B, AT HRAASHER HBTER A SPIHT

BEHT RS RSB PG, &30 Lena BGHTT
TR, R4 HHTHEARBRFELT K RFEIZE
A7 i [R) 10 4% B &L 442 1 0 L 15 1k L ( peak signal noise
ratio, PSNR) , H #“SPIHT(C)” % 7% SPIHT & #: i
| CACM87 B #:“SPIHT(J)” %~ SPIHT B &l Lk
XHER[S B9 B B, “SPIHT(F)” %/~ SPIHT BE¥:n b
AXEE, NRTPHBETUEY, RAAXHE
RGBT E, RRBBK BT EE MEDERNE
BRARE. b TEMIFERBNBETH A S
HED, BMEBERGBEBRM L FESHEIR P
R AR LT EEEBHNEER
RBAR, ATHREBEEM AR CEENHRE,
A5 5K 3 FEAR S )% 5 SPIHT B 5 K
MEIZHIITES, AESTUBS, ERBITR
F,AXEES SPIHT B ¥k & R &9 6 2 H i
CACMS7 B ¥k 5 SPIHT B ¥k 5 Ay Bt i) 2 b P35 42
BT 33% , L 3CER[S ) ¥ 55 SPIHT B ¥ 5 A
BRI Z L EHEE T 20% , E@EBERh A TE:

£4 HERBREUILRE

Tab.4 Image encodi\ixg and decoding results

&g B (bpp) PSNR(dB) B ET A () fRmEE(s)
(512 x512) SPIHT(C) SPIHT(J) SPIHT(F) SPIHT(C) SPIHT(J) SPIHT(F) SPIHT(C) SPIHT(J) SPIHT(F)
0.5 37.184  37.168  37.187 0.672 0.661 0.641 0.281 0.279 0.274
1.0 40.392  40.375  40.409 0.953 0.941 0.922 0.485 0.484 0.469
Lena 1.5 42.791 42773  42.838 1.297 1.267 1.234 0.781 0.774 0.734
2.0 45.105  45.078  45.170 1.503 1.467 1.431 0.969 0.968 0.922
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Tab.5 Time consumption ratio of arithmetic coding to SPIHT
B (bpp) HBRELE(%) wEn At E(%)
CACMB7 7 SCRROS Tk X H® CACMS7 773 XHR(S]1 Ik A 3007

0.5 13.1 11.3 7.9 5.6 5 3

1.0 15.0 13.5 11.2 11.0 10.8 7.3

1.5 18.6 15.8 12.8 19.1 18.0 11.9

2.0 18.7 15.9 13.0 19.3 19.3 13.5
5 SPIHT B3k & M B /] Z b b CACMS7 B 5 $ % Sk  References)
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