ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.9, No.7, July 2008, pp.1635-1643 http://www.jos.org.cn
DOI: 10.3724/SP.J.1001.2008.01635 Tel/Fax: +86-10-62562563
© 2008 by Journal of Software. All rights reserved.

EF MRS HELEEHREEMRBEE
ExgY gxgb zpt 1 gV

(P TR B
2 TR B

BAF AR BT T, B0 Ve 710071)
B S P R AR R TSI S BTG TR 710071)

-
*Ex
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Abstract: The paper proposes a shape-adaptive wavelet coding algorithm for known object of diagnostic region of
three-dimensional medical images. The new algorithm only applies to the shape-adaptive transformation of the
pixels inside the object for decorrelation. After transformation, the number of coefficients of the object is as many
as that of the pixels inside the image area. To achieve a quick and lossless transformation, a novel shape-adaptive
wavelet transform based on lifting scheme for arbitrarily shaped object is proposed. By analyzing the location of
invalid coefficients transformed, the paper also proposes a modified OB-3DSPECK (object-based set partitioned
embedded block coder) method that cancels symbol outputs of invalid block or coefficients outside the object,
specifically, only two types of symbols are output to arithmetic coding coder. For object region of three-dimensional
medical images, the proposed algorithm supports the lossy-to-lossless embedded en/decoding. Experimental results
show that the proposed algorithm outperforms OB-3DSPECK by 0.5dB on the average SNR. Furthermore, because
of the reduction of the output of one type symbol, the arithmetic coding becomes optional.

Key words: shape-adaptive coding; embedded coding; objects-based coding; wavelet transform; SPECK (set

partitioning embedded block)
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Sy Bp Rk AT AR T AR AR B 1S AR AL 5 T 4 B B AR e R R R AR AR SRR A AR B AR 49
B g AL, 52 B 2k RA W, 1% 5% -F ¥ SNR 1o OB-3DSPECK 4% 0.5dB.sbsh, Tk ) 7 —Ah 45 54 b (A3 K
YA AZ VT ik,

KEER: TR A E R T A I T AT £ ;) ok #:SPECK (set partitioning embedded block)
PEESES: TP39I1 XEKARIRED: A

o - BT = A B 2 AR, AT 32 IR B S ok U3 8 Lo PR ) e A X ) L 2 2
A5 R R 9 el DX 3R X 4 S M R P 2 XA RR Ry o 2 IX 3k K Y R X (region of interest, fij 7 ROI). 76 Fl| FH = 2%
PG AT 12 W7 I 9 Xt 5 X 3 T A 3 2 o Al 5 oo, B A 5 T A0 1) A5 1106 5 LA A (1 A Y R X sk, %
P 45 T g O o SRR T LA 4 ) B 5 G 3R AT 4 0 I, o LISt e 45 DX 38R v Jo o ) 4 0 (- 48 0 JE AR I
i lith), of o G2 DXk LA AR (1 A5 R DAAS G A 3, 0 SR ARG I 471 i O TE ) PG U B (1) 22 S i A 2% SR [ 1 9 7%
{19 A G538 FH) s 208 B0 AR A JEE AT v s 48 LT 0] PR 4G o o o A4 1Y) 225K

), Atsumil V2 HY T — Bl T SPIHT ) EEAS [ H2 T1 A RO T4 A5 57 v Bt i, i 1 11 4% 4 5 b fHEJPEG 2000
T T X RO AL 1 32 71> AETPEG2000 $7 32 7 1 f56 K FLARE THT B2 T (maxcshift) J7 725 S5 LT 5 AR ROT ) S
i T 6 08 D0 B DR, (T AR [ T2 )R O LR ] Scaling J7 i 1 38 AL GEROG 1 J7 Y AT AE — 26 L2 1) [N g /N
A4 Y FH T A B RO 38R 15 5% DX 30 PG AN T 43 86 1), 2 0 — i, 5 L bl - /N I8 i U8 8 K P 11
5,78 4 5 ROT P (K] 28 20N B0OK 1 B R B ROT P [ 45 25 AN B, 5 2040 55 1) S8 B & 55082 K1 BHR Soh ROT I 12
2%;2) ROLI S 2502 BT 20N 22 G 85 FE M IR ROLL 2% 7 A AF 6 T T IR PR B 0;3) S i i o757 222 HL Y
THIH T, A A oy 75 22 LU e T S 42 T

T E 3 F 5 % I AR 13 I e A5 G A v, p 1SR TSR 1 308 8 AR 48, A 2 X 35 A AR (K45 AN 5 5 AR e A
A A FH 55 5 X358 P 588, D0 75 G ) i 1 L 8 i 2 T AR A0 ity 1) S B T AR 980 5 A0 5 9 30 R B S 5 4 i ) 2
AN IR R BOCAT AT EUE, A 2 5 9 i 517 22 A0 G, 55 6 G100 TR R SR A 43 30l 37 A8 450 R G L)

LT B /I il PR G T A 7 A S B R AR 2 A2 T R B A TREIR 11 30 Y A e 7 A 8 A 6 1 /N I A5 e
P45 G it o, 0L A A 00 110 8 U 8 SR /I U A8 J8t 18 DX 3580 20 2 TR D (0 6 A 77 S AN R ) AR 1y — i /)
WK B3 A8 4, Katatal 45 A HE T — Pl FH 0 1 78 B 6 5 /0N A8 6 77 75 (object wavelet transform, i #5
OWT).AEOWT J7 i Hh , G A FIL W) i 57 Ak 5 2 A5 22 1078, DA AR 450 (R AT sl A A 5 AR K FE A0 i T IR S R
T, G AT 40 G ARG 5 1) PRG3R R P S 28

Egger™ % N th i T —Fh S AUSA-DCTI TR TR 1138 7 /N 95 A8 8 5 105 AF Uk 425 e bk 1 5 B 06f B A 91

AR 4G ) T 0 AR R 1 A, DA R AR ) H A
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e v, S AR el % 7 ROT I 2R 0 FNEE 2 T MG b IR ROT I 5 25 AN 85, X 3t 388 im0 77 4 T 1% -5
SA-DWT A% 4 5y 1) £ 35 2 H 55 A8 48 i 25 75 vh 1R R 4080 H AR TR 7E SA-DWT I 552 30 b 5 4 R 38 i) 4 — A7 FAL 371
H 4% JRAE 5 IO AS [l A7 1 A BE 29 ol A 3 oo #3467 - A K B . AP A B - B L A B - A K B RS B - K
B BT 5 43 93l SR AS (] 119 708 3 0 30 A 31 59 AHUJ2: - SA-DW T 551 U8 U 1 A8 48, B DA 78 A 3AS [R] 43 5 R
FE (R 5 I o 240 S 2 A R e

FE TR G /N Ik BB G B v o — AN DB R R TR 18 3 8 /N U AR 4 S ) /0N U R A0S T v R R TR g T
TEk B I8 N AR5 ) /N R AL 3 PR AL SR A AEBERYONIL T LAMOTC R R B IX 5 R G /N
AR A 5 A R R B B RAS H 2 R B TS [W)LLiYE SA-DWT H 3R 203t [F EZW (embedded  zerotree
wavelet coding) J5 ¥ 4 i JE IR [ 36 B A% # 5 (1) /N B &R BT Penedo!' ™ &5 A I HE HY T — R 2L T SPIHT 1)
OB-SPIHT(object-based SPIHT)H ik (H 2, i T AR F & W /N A8 i, 1 f R B0 T 0% R OJF AN 58 4 4 0
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Original mask image in spatial domin LH HH

Fig.1 Decomposition of mask in shape-adaptive wavelet transform
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Fig.2 Various location starting and length signal segments using 5/3 lifting wavelet
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Fig.3 OB-SPECK zeroblock coding
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Fig.4 Modified OB-SPECK zeroblock coding
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3 ZHEGRRKBENTREG(OB-3DSPECK)

A A S PR A5 B X G G ) o e 0 G o A T P e TR Bl 53 A A A A 15— A P AR P A
JA 93 (0% G2 T AR 2 A 10 169, DRI b, 1 508 3 8 = 08 5 S o) T 7 506 42 JRE SRR {10 ] o 10 7 vk a4 R4 g AT = 2
/NI AR R S Ay A T v X A T ) /G AR s FAS SCIR TG AR LA R /N9 42 T A8 45 7 98 A % e
Sk, i)t V13 7%, Ho T ki 37 W B ARRRAE B 1 v o AR 3 AN A8 BRI 4 0 B, 6 T 8 e B4 14X
AL FE G SR S B b A AR WD S By S B - G
s[(k,i, /2], h/2],[vi2]],
sl(ki,j+|v/i2ple/2] [ 12 ]v=]v/2]l
slkyi+ | h12 |, pler2]h=[ hi2],[v/2]l,
slkyi+ | /2|, j+|vi2)e/2],h=| hI2]v—] v/2]],
s+ e/2 i, =272 ]| h/2 ], v/2]),
slk+]2/2]i,j+|v/2 =272 hI2])v—|v/2]l,
slk+|2/2 i+ | hI2], )= 2/2]),h=| hI2],[v/2]],
s[(k+t/2]),i+ /2], j+|vi2e=[t/2],h=| hI2],v=|v/2]]
LS AT B A L b WO 5 VR A 1) = A S e 0 5% UL SRR 11,

4 ZRERSH

g 7 IR AR SR R 53k OB-3DSPECK 4795, Brain3D B (4 4] 5 it 7, 23 #1384 256x256x200)F1F13d-cor
KGR El 6 Frzs, o3 #E3h 512x448x60) 15 b ik 5 CR 5 T Digital Jacket Prof), AN BB IW A 5 908 h
16 bpp(bit per pixel), X G X 3534 4 FF 1 B H Xt L T )5 43 OB-3DSPECK 5.7 FIl AT-3DSPIHT-ROI 47 7%,
Hrf AT-3DSPIHT-ROI. ¥ & AT-3DSPIHT! V77K AL SERO145 A5 J5 1% ) 512 B0 A I P45 44 1 16 it g — 441
53 T4 FEER F5 £ SNREE L o FT A Wi F) ST B30 T A AR, P A5 ik T 2 77 140 SR P 4 48 573 /) ipl 28 45 2, 4 ) 3R
B2 FTR 1) 5/3 TR 19 38 B /N 9 70 4t

S'=

Fig.5 Frame 87 with mask of Brain3D and Fig.6 Frame 36 with mask of F13d-cor
its original image its original image

5 Brain3D A 87 MUK i 4f B AGORN HERD ] 45 6 Fl3d-cor "5 36 Wifk st IR AL 1 4

RME 245 T3 MEIAAT SRS PERE. 7T LR 2,0 T &8 Brain3D,AT-3DSPECK-ROI 5k AL (G4
N SNR PEREIL T A SC k) OB-3DSPECK $i2 fHAE bt 3N A SCHVANS L T AT-3DSPECK-ROI 5% %)
TR E B F13d-cor, A% SCBEAE - T8 3 R #ROL T~ HoAh 5532

Table 1 Lossy coding results (dB) of various methods for Brain3D
F 1 K% Brain3D {EAN R SHE N B 15 40 4 45 R (dB)

SNR(dB) 0.2bpp 0.5bpp 1bpp 2bpp
NEW 18.28 23.56 30.15 39.21
OB-3DSPECK 17.74 2291 29.24 38.81
AT-3DSPECK-ROI 20.43 25.00 30.17 37.32
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Table 2 Lossy coding results (dB) of various methods for F13d-cor
&2 KR F13d-cor EAFSEE T I 40 A5 45 R (dB)

SNR(dB) 0.1bpp 0.2bpp 0.5bpp
NEW 22.68 26.40 36.55
OB-3DSPECK 22.18 26.13 36.05
AT-3DSPECK-ROI 22.62 25.85 33.12

N T PRAETS W (K AR 1 A S 22 OIS 0 1 12 2 B 7 SR AR LA AR 3 45 b IR0 5 DX Il I 453 i ) 28 i )
LA HH A SCARLRAR B H A 30025, R AT S 4 O TS 1 2 i P .
Table 3 Lossless coding results (bpp) of various methods for Brain3D and F13d-cor
% 3 &% Brain3D M Fl13d-cor 7EAN RS9 AT 1014 % 255 2R (bpp)

bpp Brain3D F13d-cor
NEW 3.07 0.76
OB-3DSPECK 3.24 0.82
AT-3DSPECK-ROI 3.29 0.86

7~E 10 B8 T AT-3DSPECK-ROI FIA SCELVLAE S 5 R {5 A S th T A SC SR T IR & B
JIN I AR e T P A B A 3 S TCATAWT 1 220N 1T AT-3DSPECK-ROT 5535 5% 3 38 /N e A8 3 )30 5 2 BLH 4
BT BUCE A A ROT 1 267G 1R 51 1130 2 RS R AR L5 TR 138 B /0N 98 242 88 1) o 2 4 L 7 vk v R A o 5 0
SEAR RN GR A 1, 22 A0 G n] B 0 B — i S AR SE 1 RO i i &35 -1 ROT A AR X I 2 1 B A AR 4k,
H gt 7] — s 8 o i DAOGTR SE I 2 ROT X I8 B4 14 25 .

B 11 55 T Brain3D [ = 4 J 4G MG R 5 K 8 033 3 44 5 11 = 4 4% B 12 YR T Fl3d-cor [1) = 4k &
VG R 6 G DX I TE 8 ) i 1) = 4 W G T LA A SR I 6 G IR TR 1 38 0 G R B9 50 ) % [X 4%
SIEHL AR A (0 TR 6 B AN 45 2 TR S 5 AR ORI LA T A R 0 T A R G A A5 2R AT AT K T

=

[ERoN

(a) 0.2bpp, 20.43dB (b) 0.5bpp, 25.00dB (c) 2bpp, 37.32dB (d) 3.29bpp, Lossless

Fig.7 Four decoded images using AT-3DSPECK-ROI for Brain3D
Kl 7 Brain3D {£ AT-3DSPECK-ROI % I AN A % 3 1) 5 i 1%

(a) 0.2bpp, 18.28dB (b) 0.5bpp, 23.56dB (c) 2bpp, 39.21dB (d) 3.07bpp, Lossless

Fig.8 Four decoded images using modified OB-3DSPECK for Brain3D
8 Brain3D 750U f) OB-3DSPECK $i: N AN [F) i % (1 744y €1 45
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(a) 0.1bpp, 22.62dB (b) 0.2bpp, 25.85dB (c) 0.5bpp, 33.12dB (d) 0.86bpp, Lossless

Fig.9 Four decoded images using AT-3DSPECK-ROI for F13d-cor
Kl 9 FlI3d-cor 7t AT-3DSPECK-ROI 5% F AN [l i (1) i 14y [ (4

(a) 0.1bpp, 22.68dB (b) 0.2bpp, 26.40dB (c) 0.5bpp, 36.55dB (d) 0.76bpp, Lossless

Fig.10 Four decoded images using modified OB-3DSPECK for F13d-cor
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Fig.11 Original 3D images (left) and decoded Fig.12 Original 3D images (left) and decoded
3D object images (right) for Brain3D 3D object images (right) for F13d-cor
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