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3D volumetric medical image coding using unbalanced tree structure
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2 9 of =R MY &4 F4 olngl WHE o§% &4 o8 94 Aol uet Pue HolEch Edt o
24 339 B7Y E9 dol23 B 34Y Td +uuny oE4 22 o8y 229 B9 72
YRES AT BTk TT 34 Pol2zl BB B4 dolndl WelSS o|§F Auy PHe melzch
o) 34 BEHEW 16749 BYGYU £8 olt] ARGYS S YNPFOR YE ARUE ol§stel fa
E2 Btk 7Y 99 5 16 S Agstel Aol A8 IQY W o FA G4 39 44l =3 29 AdL
29 & UUW, RAMS §F= 29U 4 itk EF B2Y) ] 7RI AGsel 2482 3 9 olyos A
88 4 lold), Lol Bastelq 2 HAllH Eele] ZolE mheTiE 2AY 4 Uk Fh Hath BEHe

2 Ae|27 A2 3Y FUH 24F fol2dl ¥Eke 9E Al 28dte] Ao AW FPYHEGE Yo L
A I53) BH oAM= dSE F2 2HE A &0

Abstract This paper focuses on lossy medical image compression methods for medical images that operate on
three-dimensional(3-D) irreversible integer wavelet transform. We offer an application of unbalanced tree
structure algorithm to medical images, using a 3-D unbalanced wavelet decomposition and a 3-D unbalanced
spatial dependence tree. The wavelet decomposition is accomplished with integer wavelet filters implemented
with the lifting method. We have tested our encoder on volumetric medical images using different integer filters
and 16 coding unit size. The coding unit sizes of 16 slices save considerable dynamic memory(RAM) and
coding delay from full sequence coding units used in previous works. If we allow the formation of trees of
different lengths, then we can accomodate more transaxial scales than three. Then the encoder and decoder can
then keep track of the length of the tree in which each pixel resides through the sequence of decompositions.
Results show that, even with these small coding units, our algorithm with I(5,3)filter performs as well and
better in lossy coding than previous coding systems using 3-D integer unbalanced wavelet transforms on
volumetric medical images.
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2. 2X}'¥H SPIHT System Overview
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4, Integer filters and Lifting Steps
and Overalapping Method

o] AoflM= L= ApoliA A2 WiHEE fol2
3 A8 WshE A dhaL, A IgE A
oA AL 14=0] At AAHE HojgEr of
oA Coje gAY AE, Iy & hE 22 Aot
N HEgE 39| AleES ANttt L8 Holn
e ¥Eg B 4% CuyE A5 1y hyE HE
(mapping)3tth. W o WFo2® & 4 37| wigo|
2= A3 19} hy 2R E CoiE SHSHA thA] vt
= 4= Utk otefiel o] S+P A E[2] 2o oHE A

=
= LEEE o§3ch

570

BE AEE (N, N) o gej2 BAST 97| N
B335} n&at Ye] 9] ¥4 dl E(vanishing moment)
0|3l N& B35} n3u Wel ol Wy BglESolct
otfle A4 EH A& Ho&cth

1(2,2) filter pair:

hnm = ene12me1 — [1/2(Cn—1.2m + Cn—1,2m+2) + 1/2]
ln,m = Cp—1,2m + L(hn,m—l + h'n,m)/4 + 1/2J

1(4,2) filter pair:

bin,m = Caat,2mi1 = [9/16(Cn-1,2m +Cne1 2me2) — 1/16{Cn12m-2 + Cnot2mid) + 1/2]
ln,m = Cp-t,2m + l(hn,m—l + hn.m)/4 + 1/2_‘

I(2+2,2) filter pair:

B = Cae 2mi1 = Crm12m
. b= cﬂ~l.’.’m>+ {(hom)/2}
hnm = =1/16(hn ) + |0 {601 2m1 ~ Cne12m)} T B(Cam12m ~ Ca-p,2m41) + Tln mir) +1/2)

S+P filter pair:

Bom = Ca-tamr = [Y2enram + ot amiz) +1/2]
o = et + LA o B ) 412
hn.m = h}.,m - U/B("I/ﬂmm—l + ln.m = 1/210.m+1) + 1/8("1/21,“,,, + ln,m+l - 1./21n,m+2) + 1/2J



S+P ZE|[3}= hnme} InmE 9J3F St 13
Ue Af hanZ Q7] Y3 B2 AXS ARSI}
A oA oUXE a =2/8, B = 3/8, v = 2/80] x|k
L3 a = 3/16, p = 8/16, ¥ = 6/162 Aehsich. kst
H g JHelrE olast A4Eo] o £2 58S
7] HEolct

1(4,2) eI S+PREolA f2ET 12,2)9) B3
spoll A shte] o] Blme g 4he) HiUA T
E(vanishing moment)E 7} 15 HE)S AYAsict
S+P AT Fo| opck Tk S A Mol
22y dofl HIGdt AlegE Fato] A FAHeLe vt
£t}

hn,m = (Cn—1,2m+1 - cﬂ—l,zm)/\/5

ln,m = (Cn—1,2m + I,(hn,m)/2.])/‘/§

HETS FA7] Y3 Had WY A ol o
a4 7o) SAo] )7 ark. olaigt WEke et 3o
2 ¥HE7] A 12 AALAL} 3 22te) 2414l
o Agech 1Y 404 L 331 4 A B B4
olugl k] sy 1% 2AYYE woiZT 1
Ao) B3e RoiEh FAUTL £4 o4 Wast
=

HZ e 7Y Fureld] Bade] o3t 228
AAB) A B9 Fulatelol] iy WS ol
Aok 28 SPME 33 GoejAe] emuE YHe
WojZD o] Woli oWy XN B I
A AU g Fob] PN BEZLo2 ARk
Qlztist ot 162a|9l0) ZRAAS dug 1
thg 162 o o]t

o] A¥E 28] Mallinckrodt Institute of Radiology
ImageProcessing Laboratory[9]2] dj|o]g]d|o]A0] Qli=
256x2562719] 8 bit O] RIAMS AT

33190 CT /02 QARS 256x2562] 27]9} 128749]
F/dol™ o|n] 321 MR 715 GARL 256x2569] A7)9t
647112) G4 olch Y FUE 16ZH YL AR, 3
2 dnEjgdMe 33 o2 3 g B 7 2%
U o2 49)5 HE B2 o] g3t} H o) Paka 2
T3 FATE Afole] duhit zpol7} =R o A
E e Yoz BaE gar) 9t ofrlols 27
o] dutAEel Who] led I st AF o] A
(squared error measure) ¥} Hd} o] ZF(absolute
difference measure)o| 9t} o] BREE 28 xlo|F ¢
3 Z%(difference distortion measure)o]aty HEc} o
2 AN B £ U AlF o2 2% (average
squared error measure)o|C}h o7]A Laj EF3ly A
& Z£73}7] 93)A] peak signal to noise ratio (PSNR)[8]
& ARg-3tot

PSNR = 10logio(255/MSE)dB

o]7]A] MSE+& mean squared-error 24 YE1} 235315
B4 ztolE Tttt B E A= 0.14]E/94 (bpp)
SYE olgt g Pl chololy Hahie A gy
ok BE 9ol QlolA] fjot e A4 gojnyl YEE
AR 22l tisiAE 4 ElE B ol gt
ARME & & gRol 2 WY (overlapping) 33+
SPIHT[S]o) 1= ef2] 3X}4 SPIHTS} vlwa) 29 <
gt 16 G4 B&alo|ofA] 5 o]Ato] PSNR 28 &
= Yok E3F S A ANE Ho F7] 9siA 29

Overlapping Slice

i
t
l
|
I
|
|
1
|

18 19 3

- 1st Coding Unit
17 2nd Coding Unit

38 5. 33 F7%9] overlapping ¥

571



FAe7la sl =R Al AT A4z, 2006

2 MR 7M594 3 ) YA vl 2ol o)
AL 0.1bpp2t BE| 12)F Mg ek Bat vashE
0.lbpp &L WAT A9 {0 HBAE & 47}
Y A2 5L Fokth 1Y 72 34 CT FAE
FFeRA A A F4S 0.1bpp2 HEH 14,2)2H
2P A2 K9 1Y Mol YL A9 B ¥ 471 ¢
[o 3 o)

S8 o 4 vk I 63 1% 78 BE @y Eaj
ARgHT) 7 solie 23 Sale} oAy uhEe &
Fo] 49k A2l Antolct. 0.1bppE ZFS WAL #e)
Qo) QAT S5 ATE & 4 3tk

32! 6. 321 MR 3 HA 714 9= GaEsE) o £
2 2353} u& 0.1bppE GOS=16 EFHE
12,2) Re 8 ARg3 Ax g4

k)
o

B0

a8 7. 339 CT A 9A #18 Y 4ES & ¢
52 5353} ¥ & 0.1bpp GOS=16 EwFPE2|%}
142) 9elg ARSS 23t

7Y 9k 2 UolME 42Ut sAWE IR E
e AU 2Y 83t ulmsle] 4ol
0.7dBtol7} 9l AT} Wlm Sholts 1dBolAr Ffol7k
Utk 29BE g7 94 2 2 GAeliE $EY &
2 olg3te Zol BN F& ANE Helzoh

2D SPIHT = 26.36 dB
2D SPIHT 42 = 2572 dB
3D SPIHT = 33.98 dB
OV 3D SPIHT 42 = 3342 dB
OV 3D SPIHT 22 = 331 dB
OV 3D SPIHT = 3367 dB

20 H i

Frame rnumber : 128

a2 8. 3AACTRAME

A4 Bz UlE OlbppZ YHT O

4+ HHE

(SPIHT42=1(4,2)Filter,SPIHT22=1(2,2)Filter, OVSPIHT=Overlap SPIHT) AM&-3+ Z 3}

572



0

SPIHT LOSSY 0,1bpp of “ctekull” sequence at different Spaﬁa! fevels and 16 slices coding unit

50 T T T

45

20 i I :

T I T

: S level = 34.54dB
“wewa— 4 level+ov=34.02
3level +ov=33. 99dB
2D + ov ~ 26.564B

2D = 26.35dB

Frame number : 128

20 40 60
a3 9, 334 CT $A4E G4 &
£ SPIHTS o83 4%
6. 22 ¥ &3 A=
o] &Eolq 4 U= FHUES 3NY 227G EY
SPIHT YmeEs) 2lme S Agsta HolER 3
4+ FEE ol §3te] CT L MR o240 a%fzanr 2

23t o] YTAZL Y £2 I BHNN 5

B2 goict o) YTAZL TIL ¥ o mgaﬂ%}% 5t
$317] U] HA) AAWAE AGIHE STYZEE
me] Aol 453 Hk aeln BRY 2 A
sfo] Aol 27t 2 elz Aol HE3}ol YSARES Fol
= o 7lodg gk

References
[1] J.Shapiro "An embedded wavelet hierarchical image
coder”, Proc. IEEE intl. Conf. on Acoustices, Speech
and Signal Processing”, pp. 657-660, March 1992.
[. Daubechies,"Orthonormal bases of compactly supported
Math., pp.909-996.

(21
wavelets",
1988.

[3] A Said and W. A. Pearlman,

Comm. Pure Appl.

"A new, fast and

33} Hlg 0.1bppE §HE3 3444

573

overlapping 873

efficient image codec based on set partitioning in

IEEE Trans.
Systems for Video Technology 6, pp. 243-250, June
1996.

[4] Y.Chen and W. Pearlman "Three-dimensional subband

coding of video using the zero-tree method", Visual

pp-

hierarchical trees," on Circuits and

Comm. and Image Processing Proc. SPIE2727,
1302-1309, March 1996.

Beongjo Kim and W. Pearlman, "An embedded
wavelet video coder using three-dimensional SPIHT",

pp.

[5]

Processing of Data Compression Conference,
251-260, 1997.

W.Swelden "The lifting scheme: A construction of
SIAM J. Math Anal,

[6]
second generation wavelet",
pp. 511-546, 1997.

[7] Z Xiong, K. Ramchandran, and M.T.Orchard, "Wavelet
packet  image coding using  space-frequency
quantization," IEEE Trans.
pp. 892-898, June 1998.

[8] M.Vetteri and J. Kovacevic, "Wavelets and Subband
Coding", Prentice Hall, Inc, 1995.

Malilinckrodt
Radiology Image Processing Lab.

[10] Xioli Tang and Pearlman W.A.

block-based compression of hyperspectral volumetric

on Image Processing 7,

[9] Institute  of

ftp://carlos.wustle.edu.

"Lossy-to-lossless



A7 B2 A7E A4S, 2006

data". ICIP 2004 Vo. 5, pp. 3283-3286, Oct 2004.

[11] Ginesu.G, Giusto.D.D, and Pearlman W.A. "Lossy to
lossless SPIHT-based volumetric image compression”,
ICASSPO04. vol. 3, pp. 693-696, May 2004.

[12] Z.Xiong, X.WU, S.Cheng and JHua. "Lossy-to-
lossless compression of medical volumetric data
using three-dimensional integer wavelet transform”,
IEEE Trans. on Medical Imaging' Vol.22. No.3, pp.
459-470, March, 2003.

574

4 & M(Young-Seop Kim)

e 20014

<ok
JPEG, MPEG E&3}, 9Alets, 944
delnjo)o] A, R g4HE, A

e 1984 29 :
| st @b
e 1991 59

Fhor

pil

Fjsta g

[y2lH]

ok

University of
Southern California Z |38}
3 (ZeHRD
8%l Rensselaer
Polytechnic Institute (F33kA}
e 2003 3¢ ~ @A . G2ystn

LEELEIE SRS



