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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 SO JPEG lossless predictor and
arithmetic coder with differentiation rules or adaptive predictors, respectively. It 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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Fig. 1 JPEG prediction window.
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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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Differential Image

Domain
i, j) udiy ) u(i,j)| Binary |Ciat+Cu 7
Prediction Adaptive
Arithmetic Compressed image
Coder
Original image Ff::q': :::y MT [ l Template o Q.(ST(CX)
CX ]
Estimate ¢ Confext' o
Determination CX | Probability
l Estimate
Adaptive LFS,, LFS; , ..., LFS, State
Symbol MFS,, MFSy, ..., MFS., Machine
Changes —

8 2 74 4% Ax

Fig. 2 Lossless compression process.
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A Xe 84 o298 329 9418 s A G, ) Table 2. Differentiation rules for lossless compression(Dk is
£ AN ol T o) % B2 5 2UE F the k-th differentiator)
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714, alp, @ ARE71EY ASFE JEd Y. AE Da [(A +B)/2 +(E +F)/21/2
Uk vl DE HE 3 A D5 (A +D +B)/3
o D=1 )G ) @ D6 25(A +D +E +F)
D7 J5A +.75SE~.25D — 25F
253 gAcAN € G4 4 o2 E Bdd D8 (A +D)2
D9 [A +(E +F)/2]/2
G, )=l ) +£7G, ) 3) D10 (A +(D +E)/2]2
DIl A +(F-D)/2
D12 A +(F-E)/2
— D13 F +(A-D)/2
C D E F
l O0—O0—0—0
‘B A X A9 stAge ¥ 20 £E4 13709 (2 73
o—(CO——-0 {8]oll Mt 2@ 39 o] R A4S M2 & 2%
\f(iJ-l;\ f(ij) Arg-3to] AlArdn. Al alp, @7 5 AFA g
of A2 JAR T3 FE FSol) gt 2R
T3 48 22 A8 d=$Q el d@ 229 (Rounding) A& H g5t 3
Fig. 3 The linear prediction window Q. TFaE FEF ).
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Fig. 4 Adaptive prediction window with four directions.
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Table 3. Adaplive 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+S(d)F 7«“5 re= 5 o= 4,74= 3

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

AD3 S(d A+S(b)D +S( c)E +S(d)F Ta= 9 = 7 7e= (, 74= S

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

ADS 9(aA+S b)D +S(c)E+S(d F as 4 1h= 4, Te= 3, ra= 2

AD6 S( JA +S(5)D +S(E +S(d)F 7/,—6 =5, 1.=4,r4= 3

2. Context A

A G EhAReA HEYEE ojAH AR
3710 contextE A FFch contexts o] L& 34
EE PE Hud 7vhe & ¥4 23538 9 34
ol =2 FEZ vteld 35 A8 E 9ol ). con-
text7b o1 AAE F4wt +353 AdEZI & con-
textd ALE8IA B3 R Esats ASo] A
At FE3HI0L 4 ()9 244 AEZT A4y
o oaf & A o)¥ contexto® AL 4 e GE F
& contextE AMHE-3A] gr-e A 9o ula] FAA)

o 714 Yi= & Ak, X+ context® A} §Hu}

H(Y | X) < H(Y) (5)

B =R A Agtshe A& Exs ) R332}
¥ AAuE 7120z viE A% AXNE A1 g4
& 7 wael e AR B3 2 uE S ¥
A ogagtem FAAT AEAEY o3 379
2 RS JdR 2EEE Pold 9 context
7F U2t o] A2 2 o Adgrel 0 e 19 o] 3hol
b wiolt} oA E Y, 1Y 59 YEHEQ A
S- 3709 AR A AdaEke del B =FehE 511X 511 x
511=133,432,83170 2| context7} 7}53}t}.

JR 5. ol 23k M9 AR F4aE Ze HEIE
(= #A) &3 F A FPe vEpdh
Fig. 5 The template with three neighboring differential im-
age value.
The labeled ? denotes current differential image value
to be coded.

E&ol AHEA 4L 74 oA con-
B A }t: @7}7‘1 WY 002 RE U4
shAl Wolxl | HIEA ez sy dage ¢
ofe) A A %° % U context Bl A Y53}
[ U 9¥ Rh 2 0ol 7hgtE A Rz 7t Fog
ghal o S5 e A 445 M2 D E context 8l
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Azl diste doo A& FA4w ul e 15 A
o] 249 7154, &(-510<ul, )< —256), (—255
<uli, P<—51), (=50<uli, )< —11), (—=10<u(, j)
< —4), (u@, j)=-3), Ql, p=-2), @G, )= -1), (i,
P=0), G, P=1), @G, )=2), @G, j)=13), 4<uf, j
<10), (11<su(, j)<50), (51 <ul, j)<255), 256<u(,
P<5100& A qFo) UmA 270 9] o] -8 AHE FF
HE T3 15713 g o2 I ol 23}
B 15X 15X 15=337571 9] context”} A} A} €}

RSP Bk

Rasd e ARl BE AagosA w4
MESTE B AREDH B4 NSV} RE HEE
2 47 AN & =AM Adste 3 AR
2 AR WA JE NEsE Ao 33
B, 29 62 ABY NEFE FHY 9 ALE €
AdE 2495 2l YEYE J9 ¢ naE
Agel NS 2L 2D ASASE AN oY
2, 9BA LEF 2 FAbs UrbaM Wyt

III(M.M,-)" =" 'I w2.M) | w1.M) | u(0.M;} I\K-LM.) l M'Z.M;)}‘ = ]\K-MAM,)I
g v O
L}
L]
WM. T T T T w20 uwl,1) wo,1) | w-i.D) I w-2.1) I' - '| u(-Mu‘l)]
oMi0) 1% ° ° %1 u20) | w10 ? -

D6 AHENESF FFL AN Yo 2 HEYE
(@, 2 933, A71A s je 242 idA 8,
A &)
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, Cotses = Cutigyes +1 |

Ca=Cun+!
For all n with polarity coincidence
Cutigpen = Cutigen +1

I Call Adaptive Symbol Changei]

UL HENEST 33 S A 38R
Fig. 7 Flow diagram for estimating the symbol frequency.
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27134 H3HA HE o] HadANE HA

Switch MFS,
to MFS,

MFS and LFS
symbols are

@ Culi, plex

e A (NS AHEt] A8 NES 2golM Faa
wd AN Ao ASLRE Fe FE G
Agtol MFSAI® & LFSA%3 Z@HEAg 9
A ZART 471N wE 7HE A€ Yebd

Con 26 n

ool w} $33 dEZ V7 AslE e AlEd oA
A7 NAo) dejZo} 4(No] grEdnid, 3¢
ui, P7F kA MFSHE £ kA LFSY &3 23
doh 292 @& AL, 894 Fastd A 48w
o thala 7122} MFSHEE/LFSHEEL Wz
a2 &2 ) E3), MFSA 2 & LFSA &
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7} nA MFSAE == nds LFSA &3 Zon
MFS4 ¥ vt LFS4¥e] $d% 2719 JEuS
zhe AL BAE 7] Y8 kA MFSHE %= LFS
A ndA MFSAE T LFS4 83 ngd ¥,
k3 MFSA & == LFSA 83 w @i

Switch LFS,
to LFS,

unchanged I

Switch u(i,j) to MFSy

I | Switch u(ij) to LFSx

[ I

!

O28 A A8 288 ¢ 3ER
Fig. 8 Flow diagram of Adaptive Symbol Changes.
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output u(iglex output
Ca +Cn Cs

= MFS, v MES; v... v MFSa

=MFS, v MFS;, v...v MFS.,

=LFS,v...v LF§

=LFS;v...v LF§

codeword

=LFS. v LFS, .~ ¢
assignment

3 "
2 = -
3 \
=LES, -OLFS... MFSws N~ MFS=

J% 9. ARG e g e o) wd B
Fig. 9 Binary decision tree for differential image value.
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READ u(ij). cx

f CODE_LFS(m) ]

| CODE_MFS(m)

]

Huffman
codeword

assignment

Yes
{4

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

[comzqmsm }

Y

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)); /1 save current Qe(ST(CX))
[=Next_Index_MFS(I);
Index(ST(CX))=I;
Qe? (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)y &12|&
(b) The complete CODE_LFS(p)
algorithm

Fig. 11. The complete operation for the Encoder.
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013 1079 A Eo|t}. 34 F SHER YrislE
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29l M7 EH GAHMRI 274, o718 2SupA
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uiw 29 94 UNE 2 ¢F e g st 14
12¢ &0 AH8-¥ MRI £ 94 & 2450}

T3 12,256 %256 7)1 9] MRI 5 94
Fig. 12 A 256 X256 MR head image.

2}7pe] DAtel dls] PEY RE AHEE A (8)
N Qelg 3tA4 P HIES dEZIR HAHY
bits number of bits in the compressed image

pixel sizo of image

(8)

¥ 4 2 3ol A4E g M2 & HE7)
%90 gt& A% AAE HoFr. X 404 B vt
o] ezl 72 AR JPEG ¥&4 o &71(JPEGT
o2 FAH) 4t R57)E HEe AP Had 4.05
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H 428 949 T4 &L A8 A A3 AHET ME A F 1479 32 U ES(BPP) ¥
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) %36 MRI head(256 X 256)

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

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

A A34 CT angiographic head T (256x336) A9 Ultrasonic baby I1(500%376)

|45 CT angiographic head II(256 % 336) F410 SPECT Lbp(432x373)

 BINE o | g |9 | g | 985 | 9ue | 947 | 988 | 949 | 9o | Bep

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 ' 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 F24 43¢ 98 H ¢ 4278 A4 AE U2 & el $47 v ES(BPP) ¥ 2
Mi=2,Mj=5 MFS$ =3 LFSF =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 PN E At | g2 | 943 | Aa4a | 985 | g6 | 947 | 948 | 949 | 9410 | 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 www.dbpia.co.kr
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Table 6. The proposed coding method vs. arithmetic coding.
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Fig. 13 The entropy of the Binary Adaptive Arithmetic
Coder with D1 to DI3.
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Fig. 14 The entropy of the Binary Adaptive Arithmetic
Coder with AD1 to AD6.
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