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A Binary Adaptive Arithmetic Coding Algorithm Based on Adaptive
Symbol Changes for Lossless Medical Image Compression
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ABSTRACT

In this paper, adaptive symbol changes-based medical image compression method is presented. First, the differ-

ential image domain is obtained using the differentiation rules or odaptive predictors applied to original medical image.
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Also, the algorithm determines the context associated with the differential imagé from the domain. Then prediction
symbols which are thought to be the most probable differential image values are maintained at a high value
through the adaptive symbol changes procedure based on estimates of the symbols with polarity coincidence be-
tween the differential image values to be coded under the context and differential image values in the model tem-
plate. At the coding step, the differential image values are encoded as “predicted” or “non-predicted” by the binary
adaptive arithmetic encoder, where a binary decision tree is employed.

The simulation results indicate that the prediction hit ratios of differential image values using the proposed al-
gorithm improve the coding gain by 25% and 23% than arithmetic coder with ISO JPEG lossless predictor and
arithmetic coder with differentiation rules or adaptive predictors, respectively. [t can be used in compression part of
medical PACS because the proposed method allows the encoder be directly applied to the full bit-planes medical

image without a decomposition of the full bit-plane into a series of binary bit-planes as well as lower complexity of

encoder through using an additions when sub-dividing recursively unit intervals.
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Table 1. JPEG Predictors for lossless compression.

a9 g L %
JPEGO No prediction
JPEGI A
JPEG2 D
JPEG3 E
JPEG4 A+E-D
JPEGS A +[(E-D)/2]
JPEG6 E +[(A—-D)/2]
JPEG7? (A +E)/2
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Fig. 2 Lossless compression process.
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Fig. 3 The linear prediction window .
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Table 2. Differentiation rules for lossless compression(Dk is
the k-th differentiator)

Differentiators f°(, j) for each Differentiator
D1 A +[(F-D)/2]
D2 (A +F)/2
D3 5A—.5D +.75E
D4 [(A +B)/2 +(E +F)/2]/2
D5 (A +D +E)/3
D6 25(A +D +E +F)
D7 75A +.75E —.25D — 25F
D8 (A +D)/2
D9 [A +(E +F)/2]1/2
D10 (A +(D +EB)/2]2
D11 A +(F-D)/2
D12 A +(F-E)/2
D13 F ++H(A-D)/2
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Fig. 4 Adaptive prediction window with four directions.
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Table 3. Adaptive prediclors for lossless compression(ADk
is the k-th adaptive predictor)

Adaptive e . .
P {4, J) for each Adaptive predictor
predictors

ADl | S(@)A +S(b)D +S(c)E +SAF 7a=5,ry= 5 o= 4,74=3

| AD2 a)A +S(b)D +S(c)E+S(d)F r,,»7 rh= 6 7e= 5,7a=4

AD3 S(d A +S(b)D +S( c)E +S(d)F Ta= 9. n,»7 =6,74=$

AD4 S(a)A +S(b)D +S(c)E +S(d)F ra=2, = 3 =2 ra=|

ADS 9(aA+S b)D+S(c)E+S(dF 7a= 4 Th= 4, nz%,rd=2

AD6 S( JA +S(6)D +S(0)E +S(d)F 7/,—6,7;,—5, r:4,m:3w‘
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Fig. 5 The template with three neighboring differential im-
age value.
The labeled ? denotes current differential image value
to be coded.
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Fig. 6 The model template for estimating the symbol fre-
quency.
(u(i, j) indicates the differential image value indexed
by i-th row and j-th column)

Culijhox=0 for i=-Mi~M,j=1~M;
Cuijyex =0 for i=1~M,j=0

Cu=0

|—|+1 I l Cun=Can+1, Cugiics ™ Cutighes +1 |

*
Cuy=Cu+l
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R AHENES 3 S ¢ 3EE
Fig. 7 Flow diagram for estimating the symbol frequency.

2% 7& contexts} HHAE AR At A A
B uEy 3248 98 Aisle BEEE HAE)
HEE9 @4 HzsE A5t A8 A5 e
Cui. plor 28 79 B HE VIS 339 A
2 Ao 002 273 E Y, A4 context cx7} F
oA, i=—-M, ..., =2, —=1,0, 1,2, .., M, j=1, 2,
3, ., M Ri=1,2 3, .., M, j=0°] thsir ¥53}
g A8 JAws 2y HEEde] AR d4zu
(G, PArele) =4 A9 & A 6).

Cuti, Hlex = Cuti, plex 11 ©)

34 AT BB A2 FAgkol FAE Aol T B4
stz A4 Age H sbse ASzkel M HEM,
+1)xMjish Z27A A% Dt

g NES 24 Ao BuE wy NES) B
& HEETH WA NESTL Re HEES AAF)
A% e AL 2 IRAFS AT B4 A
£47) B ABED B4 NEFT e AES

2719



BEHESERE '97-12 Vol.22 No.12

74 o] A &8t 54 contextdtol| A &) 2 G dakol
A &8 o 4E I4F H&ol otk 2 82
A A8 8L A& ANt TEEE HY
ot wA 4xEE 98 "9as rlE ¢ e
A o] gttt MFS ={MFS,;, MFS;, ..., MFS,}& &4
NEErt 22 482 3A 8, 9714, m& MFS4
29 8 ekt MFSA 259 g w73& 7H3
A 2GAE HEE MFS 9 ¥, 7H @A 24 e
4 &g MFSyol ¥ 4oz wddct =%, LFS
={LFS,, LFS;, .., LFS;} MFS4 & Htle &4
Hiegrt 2e 482 HA8Y, o714, 12 LFS4]
89| £ XA gtk LFSY &5 wig 13 = MFS
A2 wig F23 YA 2Dt 6={0,, b2,
O3, ... On +1}& 22 MFSHE T+ LFSAHE &
go] WA wo BHE A FYXE fepA)
AE sy 24 gaFAA 271 MFSHEE}
LFSAEERE AHT gt Aol Wi¢ & 43
FAN wet 0F: AN HIAE olFE AR A
BEEE 73 0o 7171 o] Ak A ER
Z713d o A3 A8 2ol HAaFAE AA

k=k+1

Switch MFS,
to MFS,

MFS and LFS
symbols are

@ Culi, plex

e A (NS AH8t] 8 s AN 73
2d JEHERANN do9 Asge e AL 9
Agkel MFSAlE £ LFSYE# 2HeAE 9
Az Q4718 e 7HEAE Jeba

Con 26 n

ool w} $33 dEZ 97} H3lE e AEE oA
A7 Ngo 2eZEg. 4(7)e] ¢EEdy, :44
ui, P7F kA MFSHE £ kA LFSYE 23
Aok 28R 4 AL, 44 2astE AR G4
o thala 7122l MFSAEE/LFSAEEL W3l
%7 a2 A QT £35), MFSHE £+ LFSYE
of g H-3-A A HE wge] WA Ao, u(, j)
7} nA MFSAHE % nHs LFSA &3 7oy
MFS4 ¥ v LFS4¥e] T43 29 JEas
zte AL A7 98 kA MFSAHE E£& LFS
AES nAA MFSAE £+ LFSAE3 2349 F,
kA MFSA & == LFSA B3 w§g).

Switch LFS,
to LFS,

unchanged I

Switch u(i,j) to MFSy

I | Switch u(i,j) to LFSx

[ I

!

O28 A A8 288 ¢ 3ER
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READ u(i j). cx

f CODE_LFS(m) ]

| CODE_MFS(m)

]

Huffman
codeword

assignment
Yes
No

[ CODE_LFS(1) ] [ CODE_MFS(1) |

[comzqmsm }

CODE_LFS(nH»I-l)J < [CODE_LFS(m-1)]

[CODE_MFS{m-l)

CODE_MFS(m+I-1)

8l 10. 337 38%
Fig. 10 Flow diagram for

the Encoder.

AP=AP-Qe? (ST(CX));
if (AP<X’8000") ¢ // invoke Renormalization
if ( AP<Qe? (ST(CX)) ) {
CP=CP+AP;
AP=Qe?(ST(CX)); // change the interval size

}

I=Index(ST(CX)); // save current Qe(ST(CX))

[=Next_Index_MFS(I);

Index(ST(CX))=I;

Qef (ST(CX))=Qe_Value(l), // update Qe(ST(CX))
by the PESM

RE-NORMALIZATION(A?, C?);

AP=AP-Qe’ (ST(CX));
if (AP2Qe® (ST(CX)) ) {
CP=CP+AP;
AP=Qe? (ST(CX));
I=Next_Index_LFS(I);
Index(ST(CX))=1;
Qe (ST(CX))=Qe_Value(l);
RENORMALIZATION(AP, C?);
}
else {
I=Next_Index_LFS(I);
Index((ST(CX)))=I;
Qe? (ST(CX))=Qe_Value(l);

(a) CODE_MFS(p) &t12|&
(a) The complete CODE_MFS(p)
algorithm

e R R A i R B R

RE-NORMALIZATION(A®, C?);

(b) CODE_LFS(p) &12l&E
(b) The complete CODE_LFS(p)
algorithm

Fig. 11. The complete operation for the Encoder.
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Fig. 12 A 256 X256 MRI head image.
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N Qelg 8t B HES dEZIE FAHY
bits number of bits in the compressed image

pixel sizo of image

(8)

¥ 4 AR o] AEdE do A= & 7
29 ¢t& A% AAE RAFh E 404 BE g
Zro] MEigt 74 AM8-3 JPEG F¢&4 o & 71(JPEGT
2.2 A A& 578 A& AL 3T 4.05
e Y dEEINE BT, 9 AR 73
g9 Ak RFI(CAC-DILE EAHE 4T
39 M ES] Y AEEZNE ¥o ) v A%
B AENEs 24 9 H3AU 48 2@ 43
F& 7INtem & o]7 A& Abs RE7)(BAAC)E 3
WA 2R A H&EUS AHBAAC-DILE
HAIZhel = 32w 2.80 HES] HA HYF JERY
g 1o o ojuf AL ¥ HEA o' 30t H S
Hg 77t 489 wo NZ g8 4% 7led
A% AT AAE HAEY, & SolA A A3 d
Z7)o] H&¥ s HIHADOL 2 BAIR)E A
F4.00 HlEe] Pt AEZHE YA, ¥4

Alghe 3}t 295 N Ee] HAa Yy dEZNE 7}
A s BAF ) ojmo v FEA o

Jolt). ¥ 49} 5ollM HolE A g ¢4F e
T 3 A 3% A Ho 33%71A] 4 RS A

2 AEFSs ¢ At

H o6& At RErietel B35 BEZAE vl
e Aotk /1EL A I A 7239
At 380 Al Adto]l PYad WA Adez H3
shoubde 29 99 z1¢l 119] o] &S AbE R E7)
euylol oA ¢k ql%io]l FAl Ak ahA] o4
R S AR R g B Bl SRR B R R S

HE o] % b 4 23] & 8 gir)

28 135 149 A A (D2 7HER] 7t skl
upe} Aoty el 9bar Aol AwA gt e
& RojFoh oo 1] w9 curvew AHE 1HE S A}
43 ol Hu 4 BB HEHIT, w7t 18] A
£, 1070 44 i &l dlE AT 4.00 WES] H
ez E o Fo Bk, W ol curves FY S
Z7A0M, w7t 38 A5, stad 325 HES] HF
EZyE Bo Fo)o2d 149 W 9 curver A g o

2123



BEAESER L "97-12 Vol.22 No.12

H 428 949 T4 45 A8 AF AL AL T AME OE 4F 71e7te] 34T v ES(BPP) ¥R
Mi=2,Mj=5, MFS$ =3, LFS¥ =2, w=3)
Table 4. The bit/pixel(BPP) values of the different compression techniques using Differentiation rules for the lossless
compression of medical images.Mi=2, Mj =5, # of MFS=3, # of LFS =2, w=3)

FAE Image Description A= Image Description

44 CT spine 1(656%614) 746 MRI head(256 X 256)

A2 CT spine 11(656x614) A7 MRI brain(325x 327)

A3 CT brain(585x 577) 748 Ultrasonic baby .1 (500X 376)

A A34 CT angiographic head T (256%336) A9 Ultrasonic baby I1(500%376)

A5 CT angiographic head II(256 X 336) G410 SPECT Lbp(432x373)

C BUNE o g | 9 | 9w | @S | 946 | 947 | 948 | 949 | 9410 | BRP

ok L g

JPEG7 3.40 3.64 4.29 3.64 4.04 4.41 4.58 3.81 3.87 3.72 4.05
CAC-D9 3.29 3.64 4.45 3.73 4.15 4.48 4.70 3.75 3.83 3.81 3.99
BAAC-DI1 2.82 3.01 3.45 2.54 3.03 3.24 3.88 2.96 3.08 2.56 3.05
BAAC-D2 2.65 2.89 7 3.45 2.63 3.08 3.33 3.89 2.98 3.07 2.77 3.07
BAAC-D3 2.67 2.82 3.28 2.28 2.69 3.01 3.45 2.67 2.76 241 2.80
BAAC-D4 2.55 2.77 3.59 2.79 3.25 3.64 3.88 3.04 3.14 2.80 3.14
BAAC-DS 2.61 2.83 3.69 2.85 3.31 3.69 4.01 3.14 3.25 2.95 3.23
BAAC-D6 2.57 2.79 3.58 2.75 3.21 3.67 3.95 3.20 3.28 2.85 3.17
BAAC-D7 2.79 2.97 3.60 2.66 3.08 3.36 3.80 2.84 2.97 2.69 3.07
BAAC-D§ 3.16 3.38 3.86 3.11 3.57 3.85 4.29 3.21 3.39 3.63 3.54
BAAC-D9S 2.56 2.76 3.39 2.52 2.96 3.27 3.72 2.88 2.97 2.58 2.96
BAAC-DI10 2.63 2.84 3.63 2.82 3.2(; 3.58 3.97 3.01 312 291 3.17
BAAC-DI1 3.38 3.82 4.19 3.41 3.94 4.31 4.65 3.54 3.69 3.97 3.89
BAAC-DI2 3.35 3.40 3.79 2.88 3.39 3.49 4.26 3.11 3.32 3.13 3.41
BAAC-DI13 332 3.41 4.14 3.36 3.86 4.18 4.59 3.46 3.55 4.04 3.79

Es oagdyde 244 42 A3 Hg 42718 AHET AR U2 4% N1&0Y 47 v ESFBPP) ¥
Mi=2, Mj=5, MFS& =3, LFS¥ =2, w=3)
Table 5. The bit/pixel(BPP) values of the Different Compression Techniques using Adaptive predictors for the Lossless
Compression of Medical Images(Mi=2, Mj=5, # of MFS =3, # of LFS =2, w=3)

N P E Al | g2 | 943 | 944 | 995 | 946 | 947 | 948 | 949 | d410| BPP
Ko _
CAC-AD6 3.44 3.70 4.29 3.78 4.20 4.52 4.68 390 3.92 3.83 4.00

BAAC-ADI 2.64 2.87 3.75 294 3.38 3.74 4.10 3.21 3.33 2.95 3.29

BAAC-AD2 2.57 2.80 3.52 2.69 3.12 3.45 3.87 3.08 3.18 2.72 3.i0

BAAC-AD3 2.52 2.72 3.33 2.54 2.95 3.28 3.72 291 3.01 2.60 295

BAAC-AD4 3.12 341 4.21 3.55 4.04 433 3.80 3.47 3.60 3.48 3.70

BAAC-ADS 3.32 3.36 4.26 3.59 4.09 4.45 4.71 3.55 3.70 3.77 3.88

BAAC-AD6 2.77 3.09 3.93 3.13 3.61 3.96 4.29 3.30 3.44 3.25 3.47
2724




BX/FEH R G A E AT A AR L8 7)uE F ofd 8§ As IR Y

6. AE FE¢e B3 v
Table 6. The proposed coding method vs. arithmelic coding.
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Fig. 13 The entropy of the Binary Adaptive Arithmetic
Coder with D1 to D13.
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Adaptive predictors
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Fig. 14 The entropy of the Binary Adaptive Arithmetic
Coder with AD! to AD6.
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