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Abstract This paper focuses on lossy medical image compression methods for medical images that operate on three-
dimensional(3D) irreversible integer wavelet transform. We offer an application of the Set Partitioning in Hierarchical
Trees(SPIHT) algorithm[1-3]to medical images, using a 3-D wavelet decomposition and a 3-D spatial dependence tree.
The wavelet decomposition is accomplished with integer wavelet filters implemented with the lifting method, where
careful scaling and truncations keep the integer precision small and the transform unitary. As the compression rate
increases, the boundaries between adjacent coding units become increasingly visible. Unlike video, the volume image is
examined under static condition, and must not exhibit such boundary artifacts. In order to eliminate them, we utilize
overlapping at axial boundaries between adjacent coding units. We have tested our encoder on medical images using
different integer filters. Results show that our algorithm with certain filters performs as well. The improvement is
visibly manifested as fewer ringing artifacts and noticeably better reconstruction of low contrast.
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38 10. CT skull ist slice original image(left) and
reconstruction at 0.1bpp GOS=16 using 1(4,2) filter

5. &Y &A%

o] 4¥< 98] Mallinckrodt Institute of Radiology
Image Processing Laboratory[10]9] sjo]Ejul]o] 20 L
£ 256X256 8-bit AFRFE AME-F).

CT skull image= 256X256X128 ©I® CT carotid
image™= 256X 256X 64 ©]"] MR chest image &= 256
X 256X 64 o]t} Coding unitse 16ZH YL AHEF T,
32 @arEjZo)M = axial # transaxial = domain
AR 3-level £EE o] &g T 22AAME 5-
level &3 9/7tap BEIE ARt YUY imaged}
55318 image?te] Ateldl drhi ztolrt QR
AFNE FEAQ WHe R RAE gart it o7
= 219 4utAR]l whgol =l 1 shube sequared
error measure 7 absolute difference measure®] AT}

o] REE

ESE fE|= difference distortion measure®]&}2



F2AE 7S =T A4 A3E, 2003

S— L
i [~ — 2D SPINT = 2636 6B
b= 208PHT42=2572d8
——= 3D SPIHT = 33.98 dB L
<=+ OV 30 SPIHT 42 = 33.42 48|
OV 3D SPIHT 22 = 33.1 dB
~— OV 30 SPIHT = 3367 dB

PSNR (dB)

20

20 40 80 80 1I;)0 120
Frame number : 128

8 11. 3-D overlapping SPIHT for CT skull image

rate=0.1bpp (SPIHT 42=I(4,2) Filter, SPIHT22=I(2,2) Filter,

OVSPIHT=Overlap SPIHT)

= ZDSPIHT = 2636 B
P]ow. DsPHTaz=257248
.| — DsPHT=338808
i | -— OV3DSPIHT 422334248
[ R OV 3D SPIHT 22= 331 6B
{ | —%— OvV3DSPHT=3367d8

PSNR (dB)

20

20 40 60 80 100 120
Frame number : 128

3 12. Original(left) and 0.1 bpp coded (right) of slice
32nd of CT skull volume with overlapping method

2zt gyE AMLEE average measure™ average
squared error measure®|T}h. 91714 $-2l= H3sid 2
& Z2A5}7] 9314 peak signal to noise ratio (PSNR)
< ARgRITH

PSNR = 10log;o(255*/MSE)dB

o714 MSE= mean squared-error24 9E3} 235
g imageste] olE TPt 2§ 8& CT carotid
image ¢+ MR livert imagesl] Wt <2} 7} bits per
pixel o h& PSNR t)) image sequencedl] i@k Z3}o]
th AAe ofTtap BEIE 717 33pde) Aol A
£ 2399 Aot} 339 2399 HE A9 MR

imageol A& 5-9dB, CT imagedlA+ 7-20dB =
ZpolE HoyFEh 29 118 CT skull imageo] W 2
Folth, B8 A= 7+ coding rate 1 0.10 bits per
pixelo]t}, ©]&F ) FHA 0] 3-level ELHE &R
th ZE Aol Aojr et & s dolHE TE
E AMRT transaxialol THERA 3-level EEHE of&
At AFAAME B F %] overlapping 37+
SPIHT[9leIM & o] 3x¢l SPIHTS} Hls) Bw
Q1A 3l 16 image segmentsitololl A B o]4de] PSNR
dipe B 4 gtk A4 239 SPIHTIIE 334
SPIHT[9}¢t HlwaPd PSNRoWM ) performance?t oF
6dB © £4 &S ¢ F Utk =T /< HA AF
2 Ba F7] 98iA 28 95 MR chest R WA
image® ¥& 2goltt. 714E 0.1 bits per
pixel(bpp)st FE! 1(2,2)2 AME-RTh A& v =
0.1 bpp2 ¥Eg FAT A9 SAow HWsE &
F7t & AR BL&E FUTH 29 102 CT skull
imageZA A WA 2] imageS 0.1 bppE EE [4.2)2
M codingdt AHZ {9t HQl Aol A wH T
7t PS¢ 4 AUk 23 1294 overlapping ¥
Mg 2 F9) §¢F A< Aolth. 0.1bpp= codingS
AT A2l Y9 imagest EFTF AAE €+ 3o

6. Z4E A = AH

o] =Rl &4 98 FES 3-D SPIHT &2
21Z[9]7} lifting step[8]F AME-32 Ho]B2R HF+ &
EHE o]83le CT ¥ MR 98974 A&t} 28
3 overlapping WO 2 coding unit Abolol] dipS §1
j= WS BdFEr a2 43 gagedre a5
coding unitol] ThE dipe] AAHRAL St H 2A=
overlappingS AH&-gH HhHo] o] W} Ao Ao
7F Q18-S & ¢ nk FF o] A7 WS o
7}A coding unitE ]88k WU} unbalanced treeE
o] &she WS AFE Holth

£ 7

o] AxAAlE 2003 % St i I e
Age g AFHUFUT

o

it

ik

[1] A Said and W. A. Pearlman, “A new, fast and efficient
image codec based on set partitioning in hierarchical
trees,” IEEE Trans. on Circuits and Systems for Video



Overlapping method 9} SPIHT Algorithm 3 Lifting Steps & ©[-8-3F 3214 &4 98 94 4= 09

Technology 6, June 1996, pp. 243-250.

[2] A. Bilgin and M. W. Marcellin, “Efficient lossless
coding of medical image volumes using reversible
integer wavelet transforms.” in Image Processing,
Proc. of Data Compression Conference, March, 1997.

[3] A. Said and W. A, Pearlman, “Reversible image com-
pression via multiresolution representation and pre-
dictive coding,” in Visual Communications and Image
Processing '93, Proc. SPIE 2094, Nov. 1993, pp. 664-
674.

[4] Z.Xiong, K. Ramchandran, and M.T.Orchard, “Wave-
let packet image coding using space-frequency quan-
tization,” IEEE Trans. on Image Processing 7, June
1998, pp. 892-898.

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

[6] Y.Chen and W. Pearlman “Three-dimensional sub-
band coding of video using the zero-tree method”,

269

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

{7] J.Shapiro “An embedded wavelet hierarchical image
coder”, Proc. IEEE intl. Conf. on Acoustices, Speech
and Signal Processing March 1992, pp. 657-660.

[8] W.Swelden “The lifting scheme: A construction of
second generation wavelet”, SIAM J. Math Anal,
1997, pp. 511-546.

[9] Beongjo Kim and W. Pearlman,“An embedded wave-
let video coder using three-dimensional SPIHT”, Pro-
cessing of Data Compression Conference, 1997, pp.
251-260.

[10} ftp://carlos.wustle.edu. Malllinckrodt
Radiology Image Processing Lab.

Institute of

[11] 1. Daubechies,“Orthonormal bases of compactly sup-
ported wavelets”, Comm. Pure Appl. Math., 1988
pp-909-996.



