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Gray-level Image Data Compression using adaptive
Modeling and Arithmetic Code

Jee Hwan Park* Regular Members

E ®¥

o] =®A e Yxid 44 dojele) 71 233 g Adstdnl A md g A dF g4
2] AR o] & A vE2as nyo] pAAHE B, Rl dojxlx BE 7 W
AE ol &% v AeR sl 148 G FE AA Yt Ak Aeg A v} HE
EH Al B#eo]Ae Bt Hrlaict.

I A ey aggel st AFEudo] r|Ee qeg ] vste HE ANFO R FTF o] H
FAET HolE ST F Slof anHYS & 4 Uk EF AGF 143 AL AR R A Lo
£o)3t 128 AIRE e Gl AolA] H ol o) de] n&Aa s AU

ABSTRACT

This paper deals with an efficient data compression of gray-level digital images. We propose two
source models : the m-dimension differential model and the m-th order Markov model. The fast
arithmetic encoding algorithm is proposed by using the rearrangement of probability intervals
which are divided in proportion to occurrence frequencies.

The proposed method for SIDBA(Standard Image Database) sample image results in a better
performance than the known similar methods. The fast algorithm can be easily applied to a differ-
ential models and is about 5 times faster than conventional method for 128 gray-level images.
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Fig 1. Relation of current pixel x;; and reference
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BEREEY KE =Y s¥€45 Jud 249
ZZ3HA ERQ JdERHE= 7FAFAN FZE H
kS Bt NG $eF R SoUnE HER
& QAlo oJgt £33} Ago] x| A A}t 1y
D2 o] Aut#A (trade-off) 8 g mde] 33
o] Fasith 44 oholele) AEddie 2 kol 0 #
2o AFste HEH2 BEE IERE ( o]9] 9]

& A9 7A 7bssid gt diE 983 gl

1495

www.dbpia.co.kr



R E PRI 9212 Vol.17 No. 12

5335 BRAEY] KE dZFoz £d 5 U9
Bl He 71 g%y AMNgoer £ AN E
71N 4= At

dir= (d di=0
Ldi+k, di<0 (2)
gi =f(di") (3)

oA714, f(x)& 27 1«x<2!g TFaeE AAFE B
e goith o, 1(0) =0°lt). He (1),(2)2
(3)’43‘ o] 88 xR Hl e ol e} ol FejHct

2 13 AERdL 4,99 iid(independently and
1dentlcal distribution) 2 do| 11, d,o] 28 2 75kl
di & wtE sz s (Markovian) 3 Ao] 23} 2w
olth, %3, (2),(3)4 9] dret giE 1 &3t 23} =}
BEwdol 715d, %} thEd,E zhz dy 9 g2 ERIA
ol 21§ 3} 23} 2wl ofjmf, 7} o] tha
33lo| "ad 2R FEp(-)L (4),(5),(6)4 %
o] Fa R

e 12} 8 29 (One Dimension differential Model
:1DDM)

pld) =c(d) /X cly) (@

¢ 23} 28 7 9 (Two Dimension Differential Model
:2DDM)

pldh ) =c(di ) /T cly ) (5)
e 1& 3} 2DDM (Groupping 2DDM : G2DDM )
p(dr /g2) =cldy /g2) /:‘;c(y /g 6)

A7A cly) 9} cly /z)& A7t B AGFAA 2
Bayrl Ak 3509} gkrez o) 2 Astol M 2 gly
7} e 38 Jebdoh wald 2z mdo] kg
e 1, (2k—1) 2 (ogk)+12 %o, G2DDM €]
KERE 22 FRKE o83 vf2ax w9l ¢
(k) H)eted B33 Zo)5E & + Urh ©]3} logd]
We 2z Fir

1496

#k1E 2H7H(reduction) o] HEA whH<l R2MM
(Reduced 2nd order Markov Model) i} =) ¢ta}
= R2DDM & dkiegrol 23k Alrteko g wlu i3
t} ArERFEE % RALFEES ANEG, 1
Z30 sigstE kS 7d A FRER) e Kk
TE 75 8 Egsie dE29 9 28 Had
A R ES FAAT) e Aol mdgo FA
Ql B Folr} R2MMe} 71 ub 32 =70 EHE
Abolo] AEAE FHulgh o] &-8h Heolvh 1yl ¢
2 FE A0 sl xij1 7 xi-1E FAFEHR
2 gl E-Fdo(=xij-1—%i-1.) 7F ST ol
ol 1 MkMEE H7Ia 11 oj9)el & FTEshe W
Nolth Z, EURMRIEZ

Z* == (Xij~1/ Xi-1j*) (7)
[ Xij-1— Th“l, (xlvl,J—Xl.J“‘l)< _Th

%= | Xi—1i s —Trh<(x-1j—%ij-1)< Th

Ustiy-1+Th+1 Th (-1 —Xuj-1)

Th
124 = T Dk-2 T it+2k= (Tt (8)

2 golsim W& ERe AW 20 FES (94
3} gro) -8} €lek.

oty 2@ viEzm=Z w9 (Reduced 2nd order
Markov Model : R2MM)

Dl /M) =clxs /) T ety / 2:°) (9

wWita, R2MM 9 ik ke 0(k) 2 = o] G2DDM ¢
O(log k)oll nish Ale3] 2us @ 7|oadgol I
838 & F Ak

2. m= 0232 24(m-th order Karkov Models)
w23 E vl 713 7o) M-S ol 85 &
EFA JERNE B2Y F Je 2dojth AFE K
o] A diojetel] o<l i o] md2 B}
Aol Q17 wiEol FaFE oo o] &5
3 ok aglel Yehile gR#ER H3 mE0t
233x g4 ol o} o] FolErt F
217X -1

1=

1=2]
13

www.dbpia.co.kr



®X /NS 2dYT eIl AF Az dolet Y

Z2= (Xij-1, Xi-1j) (10)

2 ¥¥YE HKEzn(m=12,...)9 3l mF v
I wdel 2AE BEL ol g go] T
emZ vl2 A X w9 (m-th order Markov Model :
mOMM)

(% /2m) =c(xij /Zm)/lZ:C(y / Z) 1

m%F 23 E vdg ol {7 4§ e RF I
o] BAEL #HERS QA % AE§e] M3l
th 1 9218 A4mo] FUMESE KEKH ATH
oz sojuy] ot welA o] EAFE PR Y
o] ZAHA Ao HEF & Ae 7 AF w2
A 2d¢ AHste HAY 5 Jovkan o ot
& Ao Z71s7] o) A3 2d & 3
e golstA grt of7IMe AR 2l QoA el
ke 1E3ke] NEL A8k N dd
oz sAdsnA st wEK 58 J4IF-E A
+& Z7HA 718 2538 B8l §33% HoARER
PRk HE Eo2 sy 5t ot et
ol EHA7E 2 & AT
e 4 2E vExmX w9 (Unified 2nd order
Markov Model : U2MM)

D%y /ug) =c (i /uz)iZ;:c(y /) (12)

A7, uE  (xij-itxi-u) /201th wEbA,
mOMM 2 U2MM B 9 ] kgl e 242} jz,) =k™,
lu; | =kE ®o] U2MM9 kgt 433 oiF
£ ¢ 5 U

. cix| Lef s N8

dojel 49 & 3] FHe dudFe o
glolth, £ YFAEE ¥& 7 Ye AeERET
AdEFe 4 diojete] dolnd MY H L2 w3}
€ O(n)elth2, geju, @& dadll v A&
o &g FUMAF GFRel vl MASE} o
3] = ZFo] Ak, W, mduolx iy
AEYPolME HEH oz &E dAverE Bals)or
&7 gEol iy R33E oA neigel A3

Fo|t}.

AeREeE 99 7139 dAGEd vEHA &
9 g&7001)& AAFHLE 3 WY
YEEEdole HFHo g Ao X ETUE H
ety 98 4o g 2y olFE 233} e
HESFZ AFdd. teby JEo] & 7EdFF
g pEte] WA ol AL MES2 Y JbE
&7] wj&ol diojel 4ol 718 fo »E3A €
=3

ke 7132 FAE e Y A= {01,...,
k=1 dg & 7159 28EEE p(0),p(1),....0
(k—1)ol2} 3, ply), 0<sy<k¥ £FF ol3tef 2
Ayz EYY (13),(14) 49 22§ H&3ch

0<p(y)<1, yEA (13)
Y ply)=1 (14)

Az FHEFAMN =18 779 22Hc(A)=0
£ 271385 if A 7tx9) AF Xi=xx5...%7}F &
339 F, i+1dAe N3 98 28 (15),
(16) % (17)2] 2} go] ©0}.

,c<xn+f>;; AX)xp(), y#0  (15)
CXy) =1

LC(X, y=0  (16)
A(Xi+1) = A(Xi) xp(y), an

Aq71M, y& X9 Gray-levelgtg vebdc), o}
A Zdolne] YA DXqol N HFE LR EHEA(X,)
L B GE Fo Fol 5o

—:)IZ log p(x;)

2 3pg AYY AESIS 22 e ¢ 5 Aok B
B g HEF el Bag HEAVAN) &

(D¢ eEp(x) & 7317) 918 Ut

() FEP(x) 9] TS AY 4

(32 FEPAE FHS A 24 R 2l
o med, AU EY AaFE Folsl A B P
o2 AF Urhte 7z swste 2EIYS

1497

www.dbpia.co.kr



L AEAER 3 F b e

'92—12 Vol 17 No.12

= 2gel A% 7hrte] 5w
d7h 0 2ol AFeAl He

8 0,-11,

W H) o] A4g

A3k
AEr o H st A
2 gojlt}. F, AEFUAE BETUY NFAHew
L (k—=1),k—19 A2 44 s
Aitago] HFEo 2 FojEEEZ 1& A7} 753
ok E=3, (15)4 2] 2gol glojA

L
vy

A &EC(x) &

BSD

WA EEp(x)E o] 831 00l A y—1o) siabe ¥

73 82 HaskA
7
e 7hsskA ot

NZFE AlE8j0|M & & o A71A, Heer HEEXE g1 doke A skl
ArE BrAdEZ O]H‘ L—c & EHFvCh RS
Qe 2t kAo Aeg Hrehy] Ysle] HFeE 2N SGEE o8 ey 33l HFRD
AlE#oldg AAlsldch dg dolely SIDBA o] ZAol& vhehiol %3, 53} E8pe Hs/L9
(Standard Image Database)¥ 3 <4 ©|olg} BiE o e LEldc)
iz wde s R 43

il y o

Table 1. arithmetic coding results

(a)Results of arithmetic coding for GIRL (256 x 256 pixels)

BT A Y
FhFo] —gHISZ AT B o 1

= E A

COUPLES

UNIX

= o E

U=

Wger AT

L

1. FRF e ot
7k mdoff ojg R sle] Ang Hiol viehdit}
23| H,| bits /pixel 19} B 53 20|

~efj o] M

L[bits /pixel] @ -1 Eﬂﬂl"

[bit /pixel]

Rast 58p% Wi

256x256 271¢9] GIRL, LADY, MOON, AERIAL,
A B ol de
(Magnum 3000 /33:
33MHz) A C2 HAstch 48 g4 dioet
¥ 8 [bit /pixel] EE k2] A9 3~7HE=R k=
8-1282) B iM% S A A ste] AlEStETH

qray Source models

level |  1DDM 2DDM \ G2DDM 20MM ‘ U2MM

) | H, L H, L p» | H. L p . H L » i He L »
| . e .

8 | 0.870 0.873 0.625 0.637 98.1 I 0.635 0.639 99.4 | 0.602 0.625 96.3 0.777 0.784 99.1
16 | 1.493 1.499 1.167 1.199 97.3 1 1.195 1.204 99.3 ‘ 1.123 1.227 91.5 1.312 1.335 98.3
32 | 2.240 2.249 1.844 1931 955 | 1.911 1.930 99.0 | 1.726 2113 81.7 ‘ 1.947 2.023 96.2
64 | 3.130 3.148 2.687 2.908 92.4 1 2.802 2.843 98.6 2.365 3.509 67.4 2.723 2.946 92.4
128 | 4.090 4.122 3.597 4.118 87.3 - 3.769 3.850 97.9 2.831 5.313 53.3 3.523 3.900 90.3

(b)Results of arithmetic coding for LADY (256x 256 pixels) [bit /pixel]

8 1 0.898 0.901 0.543 0.557 97.5 0.580 0.583 99.5 0.488 0.515 94.8 0.664 0.672 98.8
16 | 1.397 1.402 0.912 0.950 96.0 0.970 0.979 99.1 0.814 0.931 87.4 1.076 1.102 97.6
32 . 2.014 2.022 1.418 1.516 93.5 1.523 1.541 98.8 1.209 1.606 75.3 | 1.509 1.591 94.8
64 | 2.832 2.847 2.118 2.348 90.2 2.290 2.329 98.3 1.708 2.829 60.4 2.169 2.412 87.8
128 | 3.733 3.761 2.903 3.409 85.2 ; 3.171 3.252 97.5 2.087 4.525 46.1 3.026 3.428 88.3

(c)Results of arithmetic coding for MOON (256 % 256 pixels) [bit /pixel ]

8| 1119 1.122 0.776 0.787 98.6 ; 0.789 0.793 99.5 0.756 0.777 97.3 0.913 0.920 99.2
16 | 1.757 1.762 1.320 1.351 97.7 } 1.372 1.381 99.3 1.296 1.388 93.4 1.448 1.470 98.5
32 | 2.586 2.595 2.080 2.165 96.1 2.189 2.208 99.1 2.021 2.358 85.7 2.174 2.240 97.1
64 | 3.526 3.543 2.983 3.204 93.1 3.140 3.180 98.7 2.788 3.810 73.2 3.054 3.238 94.3
128 | 4.508 4.539 3.929 4.463 38.0 4.132 4.213 98.1 3.311 5.755 57.5 3.987 4.455 89.5
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(d) Results of arithmetic coding for AERIAL (256 %256 pixels) [bit /pixel]

8 | 1.557 1.560 1.243 1.258 98.8 1.268 1.272 9.7 1.182 1.207 97.9 1.336 1,342 99.6
16 | 2.310 2.314 1.932 1.997 97.7 1.981 1.990 99.5 1.823 1.939 94.0 1.976 1.997 98.9
32 | 3.207 3.215 2.786 2.914 95.6 2.870 2.889 99.3 2.598 3.066 84.7 2.801 2.865 97.8
64 | 4.167 4.183 3.708 4.042 91.7 3.834 3.873 99.0 3.213 4.671 68.8 3.756 3.867 97.1
128 | 5.155 5.184 4.628 5.405 85.6 4.825 4.903 98.4 4.606 5.113 90.1 4.735 4.925 96.1

(e) Results of arithmetic coding for COUPLE (256 x 256 pixels) [bit /pixel]

8 | 0.852 0.855 0.553 0.565 97.9 0.569 0.573 99.3 0.514 0.533 96.4 0.701 0.707 99.2
16 | 1.140 1.145 0.984 1.016 96.9 1.026 1.035 99.1 0.911 0.993 91.7 1.148 1.166 98.5
321 2117 2,126 1.570 1.658 94.7 1.665 1.648 98.9 1.419 1.732 81.9 1.712 1.770 96.7
64 | 2.979 2.996 2.341 2.564 91.3 2.499 2.539 98.4 2.016 2.976 67.7 2.470 2.643 93.5
128 | 3.896 3.926 3.161 3.682 85.9 3.393 3.476 97.6 2.428 4.655 52.2 3.353 3.646 92.0

aAErdoly rlEA T wdA BR&ZS Bt
Z74atol mpat Hee A3} ztolxu, #3538 E&pw
MRkt A Qo wal HojH-g & 5 Ut ole k
7} A A wiet wlolele] Zolol vid) ikiER I}t A5
Ho g Zrlste] HEMAELAGIE AR Y] wEol)
walb A, gkiee) 1§55 HAE G2DDME He= o
7t F7v8hg Lol #A H He vod 4o 3}
Hg=EHRE 48 F Uk ving 95t mE v}
2xz vdy AddE Eged(UeMM) 9] Z23%
g Jdelhidch 2 A3 AR 3 4de
vteax wdo HFRIEHo|7} ozt #Fov; At
TS A= pERE DY AERde| ¢ &

H2 de) 1Es 594

HHdg ¢ 5 Ak

ags) g st ARE Wrlal7] 915k G2DDM
3 L1o)A 493 ROMMe| vl 22 7E oo »
Qlth, RIMMS B k = 1691 tai A et 7} 8hm
2 2DDM, G2DDM % 20MM 9] 16A %9 Z9E
Waslith B9 FEse ©AE Raste GEA
el PCS¥ 59 AR ¥4 Uehieh
Az}, AE G2DDME 433 1L s (7)ol &
)2 ROMM# 5% HERBUE AL + 3l
ou PCSY-39 v3ted s 0.037[bit /pixel ]3FA¢
® EvE Aok

Table 2. effect of state grouping (k=16) [bit /pixel]

Model 2DDM G2DDM 20MM R2MM PCS
Data H; L H; L H, L H, L L
GIRL 1.167 1.199 1.195 1.204 1.123 1.227 1.140 1.218 1.187
AERIAL 1.932 1.977 1.981 1.990 1.823 1.939 1.840 1.925 2.095
COUPLE 0.984 1.016 1.026 1.035 0.911 0.993 0.921 0.990 1.025
MOON 1.320 1.351 1.372 1.381 1.296 1.388 1.304 1.384 1.452

(2k—1)2 k(log k+1) k3 By eqn.8
State 961 80 4096 Th=2, 1600

(1) 2DDM : 2 Dimension Differential Model
(2)G2DDM : Grouping 2DDM
(3)20MM : 2nd Order Markov Model

(4)R2MM : Reduced 2nd order Markov Model(13)
(5)PCS : Progressive Coding Scheme(19)
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94 dlolete] R stol] e SA HEE 2 o
JPEGS} JBIGE 4oz @3] HEHT Utk
<

8 72713 Progressive build-up’ts& zZte

A FEAlo] Wated FA ST Uk, o] 7F L
4 dolgtdlol 22 2E Yate F4E HMYstaA
o, A4 dolelFg AU HOR FojHA &
2 #4715 A9E 9 g A7IM s HE F
o] o3 red DA H 5 o) tidted 3
Egth

log k HIEE }x13te tjgd G4 diolek=
H|EQ 42 £ET (redundancy)Z @ol] ¥3%3H
39l MIER zZ+E 9 9(random) 9] FS4EE ¥
o] g3t} ol9zo] MR thE HAEE e ¥
S dFFog AgsA HE FEFEE0] oA
2 Ztzt REste] HHnd S o] &o] Bl ANH
ol watA A9 FYHIEE log k—s, sHIER
Ealstod ste] md2 Helshs Wy Addioh
olwf AP w2 EKEH 94 deleel &
9l A|ete G2DDM & Ag3ic}, 1 AHg 7]&9]
WA we] HE $isted RICEX 516 3 RPCYEE
ane) PgH3 Aolet A E3ol E7)8HH

1 A3} o] mFoA Aets G2DDM ] WA F 5
o]  Ho]Le RICE®Zd Wzt He 0.1
[bit /pixel] F4E E#E Hoju} RPCHZ o B3t
o &= 0.17 [bit /pizel] BoiZ ), 28} G2DDM
Wz A9 HlE ] Afto g 4l o ahe] sleke] 3
o} 7besle] Hedl ot 3t HES] MEE 878
& Progressive build-up”?15S 7HAA 5o A2
Aol YdodXE o] F& vEFo g NI 7hE
3}7] W 2ol RPC4 ¥k 93 o2 Hrigc)

Al

3. G2DDM e 213 gAH 58
Table 3. progressive build-up by G2DDM

3. 03 ¢ne|Ee Yot

At & AdeRagle] ANGE Hg v
Ele] Az 2335 93 AdFos st A
€ H4ol el A& 3slel FE Aagd F
A2t Jxcalo] At md el A9 di+130l A 1~23]
2 ZolEnz n&ast shssin) 2 mdo] QlojA
of Al A At REsd Had /g EF
€ H50) welnh o71A, AL Al7H(speed)o]
CPUAIZH 12 S<ol A ¥ 4 A& 7159 & o
ehlle 7l g3e 7 wd o] 88 sedelz F3
grolth. 2 Ax} Aotk n& 8 dugEe HE7
& W7slA) o2 vyl uls) ke #E 7t 1289 GIRL
djo]elol] QlofA] ek 5uf o] w2 A H AU}

.g g

o] mRoME g Nerusd Ay vlE2=
x wdslg o) &3 XY J4 dojete] 7R %
3 W4 Asidoh 94 dolehe 2 &R
tEmtEo] Aog o 4AE ol&d ARRY ] 74
e B ARk sEEEKRSY S o8
dza89 Hates MMe sty KEE 253
AlZ! G2DDM & A ¢tsle] chg mdo) vl&) Kot A
S ANFo R B5 ol YA E dUrt EF
A4 diojepuo] 2o n&HAME 93t HE 2
o] 218 dhAlH R sle] sl HESHUT whA
AR5 glel n43E el FET A
ols) A Bad LR HE I
2 Zole Uyg AAFAL, 2 Ave] FEAES

Qarel sl43h A HFE A B0l H o2 e

o8

Upper 5 bit Lower 3 bit G2DDM RICE RPC

GIRL 1.911 1.930 2.903 2.929 4.859 4.914 4.642

AERIAL 2.870 2.889 2.994 3.019 5.908 6.046 5.845

COUPLE 1.665 1.684 2.759 2.784 4.468 4.620 4.232

MOON 2.189 2.208 2.99 3.020 5.228 5.273 5.076
(1) G2DDM : (2) RICEU8)

(3) RPC : Reversible Predictive Coding(17
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W AR sol o)g AlxP Y vlotet &Y

H4.2DDM 9] A At
Table 4. computational complexity of 2DDM
(Number of arithmetic opeations per one symbol)

Straightforward algo. Fast algorithm
Div, d;+1 times, all once, d;==0
twice, others

once di=0 once, d;=0
Mul, d; times, di=k—1 once, di=k—1

d;+ times, others twice, others
Sub. once, di=k—1 once, dy=k -1
Add. d) times, all d; times, all

5 #3327 48 Wre

Table 5.encoding speed and memory for GIRL (k==128) (symbols /second)

1DDM 2DDM G2DDM 10MM 20MM

S F S F S F 'S F S F
Speed | 451 2674 431 3504 - 50 620 5649 | 553 3212
Memory | (2k—1) (k-1 | k(logk+1) K2 K3

(1)S : Straightforward,
(2)F : Fast algorithm,
(3)K : No. of gray-level
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