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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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clk)E FABUA i(=1,2,3,..,D,i(=1,23,4, ..,
DEK(=0,1,2 3 .., 4096)9) thal ¥15: A4 FREQr
(my, ez AR 4 &2 47 78 % ek
A2 FREQ1p;, cdk)E FAI3 7P EA 471 94
£y 99R oluAw JdeEded olzzled HE
il spg e ola @ i mAlsE 44 5AA
o G sl g AAE AR del gen
2713du. AP Ho g E NMNEATE 18 27
shatch ol Re 409779 AW AEG Aol N o &
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olt}. Egh MPPVSE 09 7h7hE @)oo sl S3tER
21 ol LS we ABRAL 2
Gato] 00 MY o) ZtEe) RE AL ol 2T}
3. 7} E) :q] “ojth. MPPVSE #)9)3§ BLE o3
WES LPPVSE 7]} @b o] el & 27|52 A}
gabel A G o) A o Hge as
T A A5t ol2) AHLE oo Y
EMEASE sht EAA0G. 2o WA e ® i
A Garel aae A4 A 7 8] 2 o o] 3ol 4]

o o #gksel FNEAGE BE P TPIE
7t BE FAAW, 2} A SRl FHEAAE
{Cumulative Conditional Probability, CCP)& 2%
s}, 2] (12)3 o]& A GAarE ey HelAe ol
-49lo] kel clk)atol Aol sl ol &gk pol FH =
A8 Bojaer)

FREQ1i(p;, c(k))
)

Y FREQ'r{p;, c{k))

i=

P (piledk)) = (12)

Pz 9}1; wE r”ﬂ‘Ur‘ we F4EY Ti(=ul,
U, U3, ., U)W eds)(s=0, 1, 2, ..., 4096)3}ol A @z
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7hA) Al E JA0 <)) AEGEY BE ol GAE
g ri(=ur, up, Ua, ..., ul c(8)(s=0, 1, 2, ..., 4096)3}
W A7 A A" 0 <)) AEgE] BE

A %7 25 9 b e o) u) g}, nEaEs o
Zzro] MPPVSH| 45tEX 9] o8 websts 75
S 4] (14)9}F zFo| A} bgtu}, & 2] 9] 7] ofolt]o] =
dZgtel wHEAGEC 0Bt B T o5
(py, cds)7} A ahE o] 2 MPPVSIAR 437
ojt}, Wil & o Zgke] FHEAGE] wB Y} AHup
W LPPVSU A& &}

1
> P (pyledk))
BEFAZASE 0= 3
BEyrdzadE o A (13)
MPPVS if | —P, ~(pilcdk) | > o
LPPVS if | —P,~(pjlck)i<w
(14)

Kpj, c(s) e

MPPVS 9455 A4 skl dejA o] 8442 7}
IAE Gy Aol upek MPPVS $1a /b
Evin} pdshA & dvk weba 54 ddne
oA YAt shtE (AU AVAA g faE )
A 4 Qluh. ¥8], MPPVS 14472 F7hes ol
A & EeS FA SHAINF MPPVS vt £
7bal srofuhe MPPVSEl A A A7) - ghell A
u, olga FAA FAE A& e Hur) sk
g dlojete] I el e g0 L8
v S gleh e mE BB Eel A iz o AA
of & MPPVSe| 2= 43 Ui AAshs vl
AW £ Aerate) Agte wiAH S &5 7h7 3,5,
7,9 W 11o]nj, o)i= AlEE CT 23] ghel 7H7] vt
2 &8 HeA vdetbe 23 a8 A8 AN
A gﬂa] 71—0]1;]. 440] A8 7] off 4 1= :9] (A

TR Egu

FAE Qauay 2o MPPVSH 313k 9
&) A QFE MPPVS 7341 el &S gdel Aol
Wk wotelyel 2l sha

SR A2 STeAGFE A A

3
2 ¢ atge) A HEE BEE

o Qs s Auel e MARTE 71

L
Lo §4ue 58 Uehdh g@)n=0 Fin=1,

QIRIATE] WistE %

;i 4015“1/} Q={Q, O, Qs,

A N QU Al 9 A] o = MPPVSE e

+ goltt of 714 N(O<N<11)& MPPVS fl2 4
Z el an@)m=N, N+, N+2, ., Mk= Q
W mA A 9l Aol LPPVSE vehllE 4ot
o 714 M(= N} LPPVS 91458 vepd vl pl(Q)
) A Q)n=0 =5 n=1,
2, - N)eol 7+ MPPVOl] o g1 ¢ /‘}:.‘7‘1@ L 1v}E}
‘f‘lL‘P paiores Qo A1) nl A 4o FHEAGES
HAFC o ek=1,2,3, ., Ker +llﬁ5‘“
Al Q] B4 Al 2 oot Al @ Ao o
Hghs S A2, Ke A g AA oSk
2 e pc Qs k=1, 2, 3, L K)E okl Qe 40)
k=1,2 3 ... K2 7} 9149 Ell Rl s By
2 YebATh plajar it QoA e A e ¢
A oA -2 YA S

MPPVS78 4] 9bare] 7o thgsh Zro] 6ehAlE 2
st

(n=0 Y= n=1, 2, ..

r=0;
Steptir=r+l;
Choose ¢(Q:) fori=1,2,3,4, ., Nat Q;
Arrange ${Q) so that px(Q)Zp;(Q,)Zp;(Q,)Z - 2paie);

Step 2: Choose 6{(Q ,H) forj=1,2,3.4, .. M;

Arrange o{Qe +1) 50 that pr @ +) 2P Qe+ )23 Q1) 2
>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)EFQIforj=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=1,23,.,Mandi=1,2,3, ., N
THEN

Pl +1=Pjlar+1 Tpjlar for j=1,2, ., M
ELSE
P +1=plar w1 TP+ 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.
MPPVSZAl die]5e 2 34 FoqEeo] ¥
wulc} 3hA uk A Lshc) Tl 39] “RA A [FE o)A
Z o] Foleghd MPPVS} LPPVE ths 948 S
i 65}‘5} e Wak] Yt ol #A 34 € MPPV
ol e] MPPVS®] flvoll £:8}7) uf-ojut. o] ufol
¥ MPPVSE 73A1d g a7t glo] o]x 2] MPPVSY}H
2R A& e g el Agdn. 28
Qi whop, 271 io] Alolehy, Wl 42 Yol kL,
1714 A2 g MPPVSHE& 45171 919 Bl *
¥ MPPVE Q| 3278 50] o]42] MPPVSY A
ol 2R ZANE £38 08 dal Ao @A 48
oA 7ha sl HA S o Zgtake] 8 MPPV
FAZAGELES AEWY) BEe] MPPVSE F4
491 4 AUAE WEhE ERH R B ek 7
418 MPPVSe} LPPVSE ohf 924 sl4g R &g
7] Aol AL o], T A FE O PRy
ol Al MPPVS¢} LPPVSE YAl AY 28 FX
ghof, ol W o g K a3} HJA7A o] 2 F L4t
%38 7]= MPPVSel LPPVSE &4 H$4 o2 &
2| gk, MPPVSH 4471 092 WA1817] $1s) MPPVS
AR fare A28 ol S g At
EAE AU2E JAselA 7} A EUYFL ¥E
stals] 918 AFREE EAXNES dAALA o
FestE BN 9UeE FEozYE %@HEE—
7w QA A B 35tE o S3THE A El
W5 7)o ek 2l MPPVS2t LPPVSE A Adahd
olth waEba] A AlwE Aoty AL 4L E
?ll A AR FEo HadomEd Qe AR RF
g odoletel] ¥F¢AA Havt A5E 2AE 4 4
o} dE3ge] ALHor FushHw i(=1,2, 3, .,
D,j(=1,23 ..,1) % k=1, 2, .., 4096)] 3} 7}

i

ook

4>

b4

%74 FREQrdp;, cdk))e
(k))ell 3 gt

N2 Al 4= FREQrp;, ¢

FE77F AA AN A d9EHe 27 93 €E
TR Fzstata FAe FAHA 54 AL

Fot, AR NE 71 E‘ﬂl‘)ﬂHJ Haaye
ol %3 4 3l &

$. 53, AU2E Qole] 7k U Bew Yzs
Shoeb 449 A sn 9a5E Adshe Aol

, 3-2-1 ‘_j_oﬂ/\i ;q]o}:;] B AE
B AA WHe AAAYL 430 YAl A

3-2-3. MEAE

3-149 712E A Zo ol AGE oS ol
7 & of Z(Typical Prediction)o]t}. M & o 22 23}
o Z&gko] delo] F4 ddolA A%HFHoR Jeht
A deAe vt GAFAE ASste el A
Yoo of7ho) 1133 A8 AL 5 ANEA W

3
nojel BAe PEE HEZ FYAA LRl ¥

3 B89 Fgurel THolehd ARaZE A
Q3 vhE UHEEA R o7k Pgsieh B kgl

A Aol tssh eelo] WEALE gEHAEA

294 AT AR WE LTPE 4 (15)% 2
o] eldrh
LTP;=UTP; &d TP;_)) (13)

o} 714 D= Exclusive-OR Q4talo] 1, TP &gt
Q14 el W4meln). TPo &= daa}ele] npzgialel e
veh = Fxatelde] Waolr)

Yo 5o Bl BUR A&AE T I
PG gAs. Axjeiedo] FzdAR i, TP
B o7 H A ggle d8dog &y} o)y
gl A9 ojust B3 e Paskxa g oy
v} @Ajetqle] #haepd @ 7hx] g, TP 10 =
3 Ee Ay Ao vt o] AL ¥
Akl AERY K572 doltv}h LTP= TP7t
TP 3} Zhguol et o] gt 3ol 9l o] 7Hdal &
W R MR 7FE sk TP e 1o)th

Ao Fo] o] FoyH =7 #3717 dalr] 93
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LTPE 94 848 Rust=H7|d 94 5 535
ojof 3lt}. o] g a4 1¢ 73 3ol AQtEl B4 4
HEe 2 AdAEstA LTRE {338t 44
A AEE 16(3AF) X255 A M Z =0x(f) F,
40800]c}. B &7+ LTPEYE TP H--F&ha] ykof
TPi7F 02} FzaEfele]l #Afe] Htrasteiqlosn o
HAEch AEoZo AH-E HAGYE sthso|
712 ¢l Heolvt Ay FdFe - vidaA HA 3 £

Atk ol ot

22! 7. LTP F-&8bol] 2 g5 A9 28 B WA zs
A 0xffE vehdich
Fig. 7 The context to code LTP;. B denotes 0 Xff as back-

ground color.
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glol =AQl el SHEFIF GG i g

sAe Earh dupstu el shi 0 Y

4
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Nz olXg el #E Bt BEG s =4
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1 LPPVig(M) }
2
3
A Lo
oy PPV MPPV ) 00000 MPP"lr«'N-h
f
N |
MPRViy ) MPPVir2) |
<4+— MPPVS-decision 4+LPPVS-decision
12 8-(a). MPPVIAE H 331357 913 F38 o3 E
g {MPPVip.in, MPPVipoi, .., MPPVp i
MPPV p-1)> MPPV p. > ... > MPPVp %]
A solt). o714 N3k M@ zhzt MPPVSS}
LPPVS] Q4 F8 Jepdct.
Fig. 8-(a) The unbalanced binary tree for encoding the
MPPVS. {MPPVp.iy, MPPVipy, ..., MPPV pg .
where N denotes total number of element in the
MPPVS is ordered pairs so that MPPV p_ ) >
MPPV)F-(2)>...>MPPV1P~(N). Here, M is denotes
total number of element in the LPPVS.
| MPPVS , LPPVS |
jo.0 1 1.0
MPPVir( 1) oo MPPVimN-n T N MPPVig- ()
i
’ ~_
MPPVineity e MPPV N2y PPV N.
T I N {é ....... L
MPPV MF"Pl - MSZ
Pty e Mpmin-3) \ &MPPVWN 2 |
r PEaaE U A

MPPVI;HI)\} o ﬁMPPV,‘,.(z, Ao
(O [1.0
[+]

o
-]

12 8-(b). th5e) &g REFY XY
Fig. 8-(b) Multiple probability interval sub-division.

2161

www.dbpia.co.kr



WEHE SR

# '96—11 Vol.21 No.11

ol Al of 3k
W e e

UG, )& A shzale olejulel 27
Fal Al o 4 Qleh ol Qe ol gk

UG, 7 Balabe] o8&y mi= upxjubeke] gy
N2 91%‘*‘—!151% ooyt A et B R

¥ 7] wjgtojrt. -

P Aol A S A e ]

o o8 HA & l%?g}&}t %2 MSZ(MPPV SiZ¢ on
MPPVS Interval)o] ma} A4 gic MSZE A (1)9]

1SZ %99t &

AFaEE, “1¥ 8-(byol ] MPPVSE 3

At el A o] MPPY 7 7h217] & Lhehil e,

Belyr W2v)o]
ol AW A itat g

T E SR (A A 0.75) ol e E

‘5 bH 5L)\J /U /q ol m ]oﬂ gl

CE NSNS A4S )

Abel g ARE S bt ast

G Al

#oef Fak UG, J)°ﬂ AbEahrr el 2 of ol shef A
UG, )7} MPPVS 1= LPPVSel| %3l 714 8t}
2eko] UG, j)7F LPPVSe] 4 mm ‘LPPVS-2H¢1”
ol mhg F5pgbo] LA AE ] R Aoty
31, UG, )= 8] sgh s sbatch 194 9l MPPVS
o) Zratchrl MPPVSW UG, o] 91317} -19 8-(b)2}

e tEe g8

Fh 4 o] whAl g} 2} -

Atole} o2
MPPVE 8

Step 1.

Step 2.

Step 3.

Step 4.
Step 5.

WEEE RS ALg A A
L/L u } /} x,]
15220 o] K A @A E 7| & NG bt}

e ghElr] 913 715 o)A g Ak

T: #. of pixels within an image block

N: #. of context regions

M: 4. of elements in the MPPVS

Initializes the interval register A, code register C, and a
counter CT.

AM = 10000, CP=0, CT™ =11 fori=1,2,3, ... N
The value of MPPV s
ted to by (he equation(13)-(14).

For §=0, 1,2, ... M, and 1=1, 2,3, ...,
LPSZgricrs)™ )] in PESM to cap-

ture inilial probability estimate for MSZ associaled

fori=1,2 . N is selec-

Vis assigned by ST[e.s

with that particular context region-index cds).

Repeats from Step Sto Step 6 fori=1,2,3, ., T
Read current pixel PIX and then obtains the predicted
value V in specific context region-index ¢(s).

V= Ucnsi PIX), k=N

2762

N, array of

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
AR = APE M7y CoB) = ol AP0
AR = MSZsrcusm™
Update MSZgsmicqs)™ depending on “Less probable
value-decision” in “MPPV-decision” in PESM
GOTO Step 8.
ELSE
AP = AP [ PSZ R
Update LPSZgricrisy™ depending on
cision” in PESM
k=k-1;
Step 8. Renormalizes AP
than 0x 8000.
AP = AP ] Ok = Ok < 5
Step 9. The number of shifls is counted in the CT™, and when

“MPPV-de-

and C°% until A is no longer less

CT"® is counted down to zero, a byte of compressed
data is outputed from CT™,
CTW =T — |5
IF CT"™ =0 THEN
Output C*™ and CP¥ =§

Fufo) B b 5 g K] A E

SA 1ol A A CTs=
9. J3hu} @A) 78 1y 8-

Ca N &35 g e A4

(@)e} 12l 313 Zloju). felo) FERY Al
shal ol 4t Vi B2l ofef & g ste] Yool )
Huieoh vhagte} i oo 2 Eel g g shaupct
MPPY JEE 00 sk A ahes h b dl A A2F Az MSZ
orEY Foliv, walel HEFOSA G WY
MPPVS-3ETel et B E of g e R MSZE
gaghck Zg 4l MSZe ol el gruvke g4 4
S4bs etk e g Vb ele) A
gl @ A e, R 57 olaj ] o)
A A AL BT EM*Ei Col ¥sta, GMI
7hAl 7kt RS vE o =4S s A e
:ézr“LQn' ol A gt Wll 8ol A A @ st A IL/P

P ahel gnligel el ¥ Ay Bl At
shebch. oluell 1 8P gade At o
of kel ek vk MSZ AE & el s @
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3-3-2. 3{Z 0 RS
FolR e AE G sl olZgh UL j)7F LPPVS
of &3tu, sl RENE R5E §49E AAT
CHIL, (20]. 2 =HolA AL4-9 S o9 XEoje §
38} 2 §01 ) e (re-assignment)ol] 71¥HS F
uh &yl rEojire ANES HE CT 943ste
BEHE A ug] FA A WA WG e whet 21
o} P38kl &int R Foly= LPPVS gl 47 d
Fojutc} 7355} fi%% oj7] 93l EHLoE AY
Fatct, F, el 44 14] 4ol LPPVSS] 9
2QW of F Lol &3 } MPPVSell &t A&
A 7AAE LPPVSe] o3k s =ZqF R Fo] UG
LPPVSYl 7} flaze] WAl Wepv) dolz 45 Y&
ol & AA Bt Walg A gt

V. dgda o nF

Adlo] AbeE DAL CT modality® 12 656X
614 7] 9] sh4t gulEE ofxpsty 1240 A% &

F(pine) Fekol 2@olth 1Y 9% 2% @ AHE &

gho] (32U ™ spine 13)& ReoiFo) AEXE 9o
-0 c(s)2] =3 4097701, 328FQlo g &t

HE 1708 F9 o] e o &k &%)

SHERE S ESRY
Fig. 9 A sample spine image

988 FoAY Y dxe
F1 AL ASFA

°¥l€‘f—710ﬂ Hgg s7h o] el Hg(-2, ~1,0,1,2)9 W
& A9sch ¥ 18 2 AE ey,

*m P m/u of ol 3= 3k /1) ww F2

_'.il‘i] 109— »“J%f“g' cT ‘33}0] "%loﬂ o H4 ¥
ShA AL S

A AFEF
AF7E AHER dFEEY X8 5*.&]{!:‘4. ol

Jom W% ol % g ARUE o) %

WES 08 $4
) Lt— "F?\)\‘:}'

Table 1. The occurrence(%) of the predicted values for each spatial phase.

iy 4
[=]

294 29) o139 $3FH 7]
g !

AEA Aska e 4% & &(Compression

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 1,2,3,4,5,6,9,10,11,12 =7, 1=6, rc=5,r=4 M1
3 10 2,4,5.6,7,8,9,10, 11 =T r=Sn=5rn=3 | 618 ]
4 12 1.2,3_14,_53‘.7.8‘9.10 1,12 | n=9rm=Tr=6rn=5 | 61 |
s | s |nasaol n=ln=d=2n=1 | 66.6
6 7 1,4,5,6,9,10, 11 =4, tp=4, re=3, rg=2 68.0
7 9 1,2.4,5.6,7,8,9, 10,11 =6, =5, re=d. rg=3 | et
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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

B0 A &3t sl gy
Fig. 10 Histogram of the predicted values.
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Compressed image
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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 |
Spinc s7 | 57 1 5o a1 [37(35 (38 42 [40[37]39 4238 26
Spinel3 s9 | 58 | 53 143 [38137 039 43 [a2]40]4a1 4239 29
| Spineld S8 | S7 | 52 | 43 | 38|37 |40 43 43|40 41 |42]39] 29
Spinel's s6 | ss | s1 | a3 [38[37/40] 43 (a1 39|41 43[40 28 |
CSpinel6 | 56 | S5 | SO | 42 | 373639 42 |43 ]3840 [ 42139 29
~ Spincl7 s6 | 56 | 51 | 42 (3737139 43 |42[39|40 44|40 28 |
Spinct8 | 58 | 57 | 52 |43 [38037 /390 43  42[40 41 4239 29
Cspineld | 56 | 55 | s0 | 42 |37136 39| 42 |41 38|40 |42 (39| 28
Spine20 | 57 | 56 | 51 | 43 13837 /39| 43 |44 |39|43 |42 39| 29 |
~ Spine2i 56 | 56 | 50 | 42 [37(36[39] 42 4137404138 27
Spine22 s8 | 57 | 52 |42 [37036(39| 42 423840 42|39 28
Spine23 58 | 56 s2 | 43 | 383740 43 43 |40 [43 43139 28
Average BPP s7 | se | s1 |42 (383739 43 42 3941 4239 28
I :NEMA Standard-1989. 2 :ISO/IEC Standard-1992.

HC :Huffman Coding.
DLC : Differential Layer Coder.
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b R A% Wit MEae 7k 39bppol A 4,
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Coding, LLC)E A}8-8 4971 3. 9bpp?&‘4[18] ]
o Atd RurE ALSE F$ Y vE

age Group)

2.

AC :Arithmetic Coding.
LLC :Lowest Layer Coder.

LZC: Lempel-Ziv Coding.
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