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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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Table 1. arithmetic coding results

256x256 2719] GIRL, LADY, MOON, AERIAL,
COUPLES di4goz &gt AlE#Helde 4.3
BSD UNIX =gl (Magnum 3000/33:
33MHz) A Col2 HAsAct A8 9243 dolegt
= 8 [bit /pixel] FE el 49 3~79ER k=
8~1289] g Amig S | A4 slo] AL2stTh

. Y4=F e "ot

7 mdof o FEste] AaE Flol vepdch
shEf e A E 29 H,[bits/pixel ]9+ & 7o)
L{bits /pixel] & =1 thu|g] RE3t §8p2 Hrteh
4 9714, Hee SEEXE 93 dde A sk
AsE @wydEzIol Y Le & vl Hmy o
2 OPAE SERao) o3 Ay Este] WFHB
o Hol& viehdth Eg, 58 A &pe Hs /L9
WEg 2 ebdc)

(a)Results of arithmetic coding for GIRL (256 x 256 pixels) [bit /pixel]

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 | 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 (256x256 pixels) [bit /pixel]

8 | 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| 1.119 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 5755 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 (256256 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
32 1 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 rlEaE vy pREEXS Bt
Z7hatol mpel Hee AR ZopA|uh, B33} Edpe
MRkt A Ao wal dojPg & 5 Ut ole k
7} A Ao wiet wlolele] ool Hial HKaE¥ I A5
Ho g Zrlste] HEMAL}T ARV dEoldl
el A, gkiee) 1§88 A3 G2DDME He e ¢
7 F7vshg Lol &4 5w H2 N gFo s 3}
HY2EHRE 48 F A} vnE 93ty mE nf
23z zdy A Eged(U2MM) 9] Hie
g Jdelhidcth 2 A3 EERT e 4ede
vteaz wdo HFEI ot ozt goy AL
TS A3 = RS DSt AERdo] o &

H2 de) 153 50

HHdg ¢ 5 Ak

gl g st AAE H1e7] 98t G2DDM
3 L1004 4% e ROMMe vz 2 7e oo »
o)t RIMM-S BB k = 1691 thsh A9 7h535tm
=2 2DDM, G2DDM ¥ 20MM 9] 16A1F9 A$E
Wslith B FESE BAH 2Eske) BES
el PCS¥ 5009 Ao #A Yehic o
Az}, A G2DDME A3 AL kg (7] ol &
#)Z ROMM ¥ 58 HEHadole 48 + 3l
ou PCSY-3%9 vsled s 0.037(bit /pixel ]34}
® 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 Model13)
(5)PCS : Progressive Coding Scheme(14)
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2. CHAId &3

A4 dolele] Ba ol thEh = BESF o]
JPEGS} JBIGE 4oz @u3 HEHD Jvh
QFZ7 2] Progressive build-up7be& zte o
A FAlo] date] A Yt o] FFe
4} dolgtdlo) 22 HE dste F4E A
o, A4 dolelzdg A HoR FojdA &L
2 #4715 AnE d4A "o 7K vE §
ol oot 7hds GAH R a5 s} uhao) ti gt 7
Edith

log k MES 4=3te t]Ag G4 o]
H|EQ 42 FET (redundancy)Z 2ol sty
39l M ER zZr+E 9 9|(random) 9] #EAHEE
o] g3t} olefze] MR thE AEE ZHe ¥
S dFFog HsiA HA GFEFE o] oAAH
2 Ztzt Byt FHpdg o] 4-Fo| B} A
ol watA A9l SHHIEE log k—s, sHIEZ
Ealsto shte] md2 Helstes HyS A
oluf Ang mdz e KEHE 4 vloleld] &3
9l A|Qte G2DDM & AH&3%it}, 1 A g 7]&9]
WAool M RE 915t RICEX 549 9 RPCHE
ane] PgH3 Holeh FA H3ol Hr)stA Tt

1 A3} o] FoA Atst G2DDM ] HAH R &
o] ZolLe RICEXZ Hgt Ha 0.1
[bit /pixel] F4E &3F Aol RPCHZ o B3t
o &= 0.17 [bit /pizel] Goizlt} 18y G2DDM
WA A9 HlES] Agptow 4 el ko] 3
o} 71ssln] Haol wal 89 HEY HEE 878
& Progressive build-up”) s 7}xA =] dAl¢]
Aol dodXE o H& vEFew 35Ut 7kE
3}7] W 2o RPCHH4] ¥t} Aoz o2 Hrigtd,

= 49l

ul
1w

3. G2DDMel) &3 gA X 23538
Table 3. progressive build-up by G2DDM

3. 03 gneiEel 4ot

At 14 AeRsgle AMEg g v
ele] AM 2335 93 datgoz Hrpgt A
€ H4ol et e 3slel g AatEd F
A2t Yxcalo] AtEwd el A di+13 oA 1~23]
2 ZojEng n&asl st 2 2ol ol
of FAF el A At REs] At /g EF
€ H50) melth o7IA, A4 Al7H(speed) o]
CPUAIZF 12 B2l Hald & e 7139 8 v
el g gake 72t wdo] 8§ depvetz +3
groleh, 2 Az} Aotk n& % duygEFe gETL
£ W7slA) o2 byl vls) s #Ect 1289 GIRL
djo]Elol]l Qo A] ok 5uf o] A w2 A H Y},

g 8

o] mRoME e MNeRio NEe vz
x wdslg o] &3 tAY JA dojete] R E
3 W4 g Atsidoh G4 dolehe 2 F%LE
tEmtto] Ao o 4AEg o8 AERYY 74
e Bt ARk sEREEK S &
dEaE9 AHatEs ANE 9ste KEE 153
AlZ! G2DDM & A ¢tsle] thg mdo) &) w4
S Ao R 5 ol ASAHNE dUrt EF
A4 diojepuo] 2o n&HME 3ty HE B
o] 2% vl H B3 sle] st HESYCE A%
AR slel n&3ls 98 & AFA
ols) FgAA) Pad BRI HWE HUHL
2 ol Uyg AANIYE, 2 4y FEANE

arpel 143 A HFE A B ¥ o2 e

o8

Upper 5 bit Lower 3 bit G2DDM RICE RPC
Data H, | H, Ly L=1,+Ly L L
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 2.995 3.020 5.228 5.273 5.076
(1) G2DDM : (2) RICE(8)

(3) RPC : Reversible Predictive Coding(1?
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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, dy=k—1

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

5 #E3AZER A8 vre)

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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