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ABSTRACT

This paper presents 3-D subband filter banks which are effective for progressive and lossless compression of
volumetric images. For such a purpose, ORT(Overlapping Rounding Transform), applied so far to 1-D lossless
subband filter banks, is now used to implement two types of 3-D lossless subband filter banks: separable and
non-separable types. Separable filter banks are implemented form applying 1-D lossless filter banks consecutively.
Non-separable filter banks are developed by expanding the 1-D ORT into 3-D one. In particular, the proposed
ORT based 3-D non-separable filter banks generalizes the 3-D HINT(Hierarchical INTerpolation) algorithm.
Through the experiment comparisons on various volumetric medical images, we prove that the proposed
separable/non-separable filter banks perform better, in terms of compression ratio (first order entropy), than the

other lossless compression techniques such as block based transform and conventional 3-D HINT.
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(ftp://carlos.wustl.edu/dist/imagelib/)ol| 4] <3-2 5A+¥]
S CTS MR 9|2 od4feleh ofF e s o
256 AMg e, 7 Akl zlsh 7 akeel
A}t Al (first-order correlation coefficient)+ 3

20] vehc.

E 2. 9% 344 28 yel 34,
First order correlation
i . | Original coefficient
Image | Dimension entropy | Fiom
O | Vertical | Depth
zontal
T [ 2567256 | 2o | o008 | 0903 | 05m
aperts x97
CT- | 256X256| 3456 | 0999 | 0.993 | 0.987
carotid x74
CT- 1 256X2561 557 | 0999 | 0.996 | 0908
craniosyn X223
CT- 256 X256
skull x 203 471 0.996 | 0.990 ; 0.963
CT- ] 256X256| o5 | 0999 | 0991 | 0992
wrist x 183
MR- | 256256\ sy | 0998 | 0.992 | 0.998
liverl X 58
MR- | 256256 492 | 0997 | 0992 | 0921
liver2 x 58
MR_ 236256 5.90 0.997 0.993 | 0.996
liver3 X 58
MR- 256 X 256
.94 X X X
pedchest x77 4.9 0989 | 0.968 | 0.998
MR- 256 X256
saghead x 58 4.35 0975 | 0975 | 0.978
l Average - 453 N N -
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% 39 4k 7 daEiEe)] W o 1
E g2 3(first-order entropy) 2. “telligicl ¥ 32 7]
& w59 Az, JPEG-LS #42} #7, 3-31%)
S-#3h, 3211 HEDI 4-path, 331 HINTe| 2]

L0
A%

1om

i

2Rl A=EEIE ehigler, ¥ 4= A
ORT 7|t 3211 i} ¥4 Ue) 2 234 vie}
AR 1 2102 ASR A5 W
& A 2 wAEe E 2=
E 3. 7]"L Q2] Z(F &4 JPEG-LS(#4,-#7), 34%] S-
Wk 3x1¢] HEDI, 32M] HINT)9| 34513}
JEz) vl
2D Linear |3-D block based| 3D
Image prediction Tr. filter
JPEG | JPEG S-Tr HEDI | 3D
4 7 | 4-path | HINT
CT-aperts 1.67 1.88 1.69 1.91 1.90
CT-carotid | 2.58 2.72 2.52 2,70 2.54
CT-craniosyn | 1.31 1.48 1.42 1.53 1.40
CT-skull 3.73 3.75 333 3.49 3.49
CT-wrist 2.25 2.73 2.30 2.69 2.34
MR-liverl | 3.60 3.84 3.46 4.00 3.42
MR-liver2 | 3.34 3.51 3.14 343 3.24
MR-liver3 | 3.90 391 3.48 3.74 3.54
MR-pedchest | 3.41 3.34 2.85 3.06 295
MR-saghead| 3.68 3.29 3.00 3.15 3.16
Average 295 3.05 2.72 | 297 2.80
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B 4. AR duelEe 45 4 (13 dE2s) Ha

R’
ORT based 3-D separable| O 1 0ased
3-D non-sep.
Image d
propose
2,6 tap | 4,4 tap | 5,3 tap HINT
CT-aperts | 1.67 | 169 | 157 1.57
CT-carotid | 2.28 2.31 2.25 2.27
CT-
craniosyn 1.48 1.42 1.30 1.20
CT-skull 3.02 2.89 2.84 3.09
Clwrst | 2.10 | 206 | 197 1.97
MR-liverl 2.94 2.95 2.95 3.06
MR-liver2 | 2.74 2.58 2.61 2.87
MR-liver3 | 3.04 3.10 3.06 3.20
MR-
pedches 2.60 2.72 2.61 2.61
MR- 281 | 296 | 283 2.90
saghea
Average 2.47 247 2.40 2.47
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