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ABSTRACT

In this paper, a new lossless compression method is presented based on the the Binary Adaptive Arithmetic
Coder(BAAC). A simple unbalanced hinary tree is created by recursively dividing the BAAC unit interval into two
probability sub-intervals. On the tree the More Probable Predicted Valﬂe(MPPy) and Less Probable Predicted
Value(LPPV) estimated by local statistics of the image pixels are arranged in decreasing order. The BAAC or
Huffman coder is thus applied to the branches of the tree.

The proposed method allows the coder be directly applied to the full bit-plane medical image without a de-

composition of the full bit-planes into a series of binary bit-planes. The use of the full bit model template improves
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the compression ratio. In addition, a fast computation for adjusting the interval is possible since a simple arithme-

tic operation based on probability interval esfimation state machine is used for interval sub-division within the

BAAC unit interval.
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Fig. 2 The block diagram for the complete encoder.
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g mi A 9K 2dE LPPVSE el & Mot
al 714 M(2N)& LPPVS 1445 v pa(Q)
n=0 %3 n=1, 2, .. ) g QM n=0 == n=1,
2, L N)el zh MPPVO!] gt A 2 8E S e
‘f‘luk prloets QoA 2] n¥lA] o] FHRAEES
HASC o )tk=1, 2,3, ., KEr +H1Ax o
Ay Qo B4 #e e %‘??8}01]*'1 el o
ZEE HABT o)A, Ke BAR AA o Fak
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(k=1,2 3 ., K2 7t 149 tl] - A RIS E
S vebdeh plajar 15 QoA 2] A o]
A A B g2 A B

MPPVS7§ 4l <harel F8 vhgat o] edtAl =
LR

r=0;
Steptir=r+l;
Choose ¢(Q:) fori=1,2,3,4. ., Nal Q:;
Arrange $(Q) so that py(Q)>pAQ) 2 py(Q0)> ... ZpalQy);
Step 2: Choose 6{(Q ,H) forj=1,2,34, ., M;:
Arrange o{Qe +1) s0 that p @ +1)2p2 Q1) 2 Q1)
>pm (11
according Lo equation (12).
Step 3: Determines whether current predicted values with estimated
cumulative conditional probability may all belongs to MPPVS.
IF (@ v)EFQI forj=1,2,3,4, .., NTHEN
A 1 1) =) and p{Q - 1)—pj( Jforj=1,2,3,4, .. N;
Return to Step 1.
ELSE
GotoStepd.”
Step 4:Update the estimated cumulative conditional probability of
current predicted values
IFM=NORM>Nforj=1,2,3 ., Mandi=1,2,3, ., N
THEN
Pl +1=piar+1 Fpir for j=1,2, .., M3
ELSE
Piigr+1=pilor+1 Hpiiae i fori=1,2, ., N
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Step 5: Renormalizes cumulative conditional probability.
M
Y pls=1.
j=t
Step 6: Newly update the MPPVS.
Choose the MPPVS and LPPVS candidates using by equat-
ions(13)-(14).
Select the MPPVS and LPPVS using parameter £, which
indicates optical # of elements in the MPPVS.

Return to Step 1.
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Fig. 7 The context to code LTP;. B denotes 0Xff as back-

ground color.
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Fig. 8-(a) The unbalanced binary tree for encoding the
MPPVS. {MPPVp.iy, MPPVipy, ..., MPPVp gy},
where N denotes total number of element in the
MPPVS is ordered pairs so that MPPV p_ ) >
MPPVjp.y> ...> MPPV ). Here, M is denotes
total number of element in the LPPVS.
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Fig. 8-(b) Multiple probability interval sub-division.
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UG, j)7h Belide] 98wt B vpajubiel &y
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B RH Aats A& Bl s ygled
& NS kg 2 ek

A b g Abggk Abeitse) S geld
w5 UG, J)°ﬂ A&ty el 2ax of ol sl Al
UG, )7F MPPVS E= LPPVSOl 4:8}y=4] A A4 &},
zekgol UG, j)7F LPPVSe] 3:étup “LPPVS-3h¢t”
of mp HF-3-Fgbol S bR eyl R et
3L UG, e szt R apdlc Q49550 MPPVS
of Zrgtrhl MPPVSW UG, ol 9427t -13 8-(b)e}k
e R I - o L g ) R Ea
Fu}, gy Hgto] wrA o v}l 2y R sl o)X

Abole} o gt o] A GAk - 8 71 8 K G sheht
MPPVEE mststs) 919t 71+ 9] ol 1l 4 34ber
] SRl vkt Aol A Hlnh

T: #. of pixels within an image block
N: #. of context regions
M: 4. of elements in the MPPVS
Step . Initializes the interval register A, code register C, and a
counter CT.
A = 10000, CPP =0, CT® =11 fori=1,2,3, .. N
Step 2. The value of MPPV @ for i=1, 2
ted to by the equation(13)-(14).
Step 3. For S=0, 1, 2, ., M, and 1=1, 2,3, ..,
LPSZricnsy™™ is assigned by ST[c,(s)] in PESM to cap-

ture initial probabilily estimate for MSZ associated

. N is selec-

N, array of

with thal particular context region-index cds).

Step 4. Repeats from Step Sto Step6fori=1,2,3, ., T

Step 5. Read current pixel PIX and then obtains the predicted
value V in specific context region-index c.(s).

V= UcnsiPIX), k=N;
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Step 6. Repeats Step 7 while k> 0.
Step 7. Updale the interval register, and coding register and
determines next value for array of LPSZ.
IF V=MPPVeus"™ THEN
ARR = APR M7y PR, CP0) = ol - A )
AR = MSZsrcusm™
Update MSZgsmicqs)™ depending on “Less probable
value-decision” in “MPPV-decision” in PESM
GOTO Step 8.
ELSE
APR = AP [ PSZ0 P
Update LPSZgricrsy™ depending on “MPPV-de-
cision” in PESM
k=k-1;
Step 8. Renormalizes A and C*™ until A™ is no longer less
than 0x 8000.
AP = AP ] Ok = Ok < ] 5
Step 9. The number of shifls is counted in the CT™® and when
CT"® is counted down to zero, a byte of compressed
data is outputed from CT™,
CTMW = TP —1;
IF CT"™ =0 THEN
Output C*™ and CP¥ =§

GA 1ol A A CTe $hulo) By 3 g A] 2H
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*l froh vk} g o) R Bl g gl dufvig
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P Akl sh o) Mol Ay Kl A4t
shetef. ojwof iz sy M*‘“mlﬂ“ ditst §
of Mopgkiiel tigh vbg MSZ el shof. o
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Fig. 9 A sample spine image

AAs 209y Ay AR

[
-5 g HgFEH
o] e &K —2, ~1,0,1,2)¢]

A weas A8ec ¥ 12 2 AnE Jez,
A Az 100 9] o) 83z B2 vhal iR F2

9)43] cus»'-u- 248

Slsh A gHehe B FEvh

13 108 MER CT sgfol 2 =Y sl 4143k
B T R
o 2 7] AP o E B BXE BT o5

AEE 02 FHOR Mg ol FE WAYNE ol

= Lt— "): Al‘:}'

A A Al EE Y

Table 1. The occurrence(%) of the predicted values for each spatial phase.
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Phase | #. of Pixels | Neighboring Pixels Number of difference in Occurrence(%) of the predicted
four direction value set { =2, —1,0, 1,2}
T 8 ,2,3,4,5,10,11,12 =S5 rp=5, tc=4, fy=3 67.1
2 10 1, 2x4,,,69 10, 11,12 =7, 1=6, rc=5,r=4 M1
3 10 2,4,5.6,7,8,9,10, 11 =l r=5r=5rn=3 | 618 ]
4 12 1.2,3_14._53‘.7. 91011412 | r=9r=Tr=6r=5 | 61 |
s | s nasi011 n=ln=d=2n=1 | 66.6
6 7 1,4,5,6,9,10, 11 M=4 To=d re=3, rg=2 68.0
7 9 1,2.4,5.6.7.8,9, 10,11 =6, =5, fo=4, 1g=3 | a2
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7' PV
1081~ PV : Predicted Value ;
r A,E : Beginning and end of PV ;
M : Location of peak value ;
1o YM : Total occurrence of M.

1 I
A=-20 , E=20, M=0, YM=114766

b =1 VR B i Ea e )
Fig. 10 Histogram of the predicted valuces.
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Compression Results

§ \\/N/v\/\

SIS

T 13 14 15 16 17 18 19 20 21 22 23
#. of Spine slices

OF 1LY E 71 9] & H(CR)
Fig. 11 The CRs of the encoder.

Compression Results
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Table 2. The proposed method vs. other lossless coding schemes.

Coding scheme Entrapy Huffman | Arithmetic| LZ DPCM JPEG-Lossless | Pyramid Transform'|  JBIG®  |Proposed
F!T?.EE description | Coding | Coding |Coding| HC | AC | LZC Mode? HC | AC | LZC | DLC| LLC | Method |
Spine s7 | 57 | so |4l [37]35 (38 42 40 |37 (39 |42 38| 26
Spinel3 59 | 58 | 53 a3 [3837139 43 [a2]40]a1 4239 29
| Spineld S8 | S7 | 52 | 43 | 38|37 |40 43 43 |40 |41 4239 29
Spinels s6 | ss | 51| 43 (383740 43 a1 (39|41 43[40 28 |
CSpinel6 | 56 | 55 | S0 | 42 |37 36|39 42 |43 ]3840 (42139 29
~ Spinel7 56 | 56 st | 42 |37 37039 a3 42 (39| 40| a4 |40 | 28 |
Cspinet8 | 58 | 57 | s2 | a3 138370390 43 |42 4041 42[39] 29
Spinct9 | s6 | 55 | so |42 [37036[39] 42 |a1|38]40 42 39| 28
~spine20 [ 57 | s | 51 | 43 138|37039| 43 |44 39434239 29 |
~ Spine2i 56 | 56 | 50 |42 [37(36[39] 42 4l |37 4041 [38] 27
Spine22 s8 | 57 | 52 |42 [37]36[39| 42 423840 4239 28
Spine23 58 | 56 s2 | 43 | 383740 43 43 |40 434339 28
Average BPP 57 | 56 s1 | 42 (38371039 43 42 (39041 42139 28
I :NEMA Standard-1989. 2 :ISO/IEC Standard-1992.

HC :Huffman Coding.
DLC : Differential Layer Coder.
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3719 A= S10)3(15], LZ BE7)9) A& 42
ACHI3]l. @G DPCM A5E F&3F[8], A+

5 mgt REs), Al
Aast A P vE

B3/ R LZ 33579 zhzt

152 717t 3.7bppoll A 3.9bpp
7HA] g 4 ATk E3 ISO-JPEG(Joint Photo-
graphlc Expert Group) F¢34 253} »=o] H7 v
ES2 43bppHtH17]. ACR/NEMAY] #A¥H S-Trans-
form& AbR-3le] mlelvls WA & 73HF[6], A
FE SEN e, e B35 9 LZ a7

2 483 A% Wit &S 22t 396ppol A 4.
2bpp7ha] A& 4 AU F71e) ¥ Y ERY

Heo W JESVY Az zAAE 3 7bppR ity
AA = 5.6bppoll AHA HEILS B 4 o) IS0}
ITU-TI M Fo2 Wid IBIGUJoint Bi-level Im-

F&d & R 58 el gt vlE
2} A &8 5. 71(Differential Layer Coding, DLC)9]
73§- 4.2bppS 18], #3914
Coding, LLO)E A}£-3 74
of Agtel RIVE ALSE A

A= Y 9_

age Group)
| &4 5 7](Lowest Layer
3¢t 39bpp8€iLH18] K]

AC :Arithmetic Coding.
LLC :Lowest Layer Coder.

LZC: Lempel-Ziv Coding.
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