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3D Soft-Tissue visualization Scheme of CT
Images via Distance Transformation
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(AlLab, Institute of Automation, Chinese Academy of Sciences, Beijing 100080)

Abstract In this paper, a new 3D soft-tissue display scheme is proposed, which consists of four steps: image
segmentation, distance transformation, peeling operation and volume rendering. Firstly, an image segmentation
method is adopted to detect the contour of skin, and a new binary output image is produced. Secondly, to reduce
the computation time, a new 3D Euclidean distance transformation algorithm was adopted to compute the distance
map of the medical image. Thirdly, the image data of the scarfskin and subcutaneous fat of the specified depth is
removed through peeling operation. Finally, in order to meet the requirement of real-time interaction in the
medical application, a new multi-surface visualization method was adopted, whose rendering time is reduced by
only projecting the voxels near the boundaries between the different tissues. Meanwhile, it improves the
visualization quality by computing the normal of the point where the ray crosses the iso-surface in the projected
voxel. This scheme was implemented in the 3D medical image process and analysis system developed by our lab to
display the soft-tissue of the CT images. The experiment results show that the anatomical structure among the
blood vessel, flesh and bone can be visible clearly, and this method has important practical value in clinical
diagnosis.

Keywords  Distance transformation, Soft-tissue visualization, Computererized tomography (CT), Volume

rendering

MEXES 0% B BABER ¥ELE BN
] iR % BEIRE MR ESZ CT BE%. i ,CT B4
B 1 BT B AR TR & R T E R 4
CT £ 3 B #l W )2 8 # (Computerized  BIRHGHE S EA 40 MR £, AFTA M MR # 4 &

Tomography ) # & #&. 20 #4270 AR LAkK,CT B
M ATHEKESZ FETEREXNIFZT. 65
X B — 26 R MERRAE O LRI U BLSE. Al

RO EGERERTIE. WREGRR CT XHK4A
KBRS B2 BERATLRECT &, A
WAE MR K25, st 230, o 154 B L T BR A s A]

EeWE BF ARSI HE (69931010,60071002,60072007,60172057) ;863 1% B (863-306-ZT04-06-4)

W 78 B KA 2001-08-28 ; 2 [B] B 48 : 2001-12-30



1166 PEHESER¥R

£ 7HAK

LU CT BB S ERER BB RIE R X BEF
BIBALR R XX Tl R 23R % 8 8.

RERE, FREAER LT, EHRE HE
DR THR 3 FA M. HP, RERBBRA
) KN — B BAR b B2 40 AR IS 2 T AR 5 B A%
EREZT, FHFEHMENMEARM; MK TAH
AXMTFEETH, BEHARFRERMARNE
SHH BT M R B URRPE B TR R A R L5 A
I W E R TSI AL E S5 L
WHRHR M EEZNB/AD,TEE¥ CT BRF, & F
KALURBEZ AR N IR FE R 5 # 078, 0
BB B AN 5 DX 4 s LA L b 2 i B 4 R IR # 3R
FLUMEGR EUERHEMRARALZNEE
i T2,.CTERTHRARNE R, BH R AE
LRI R TERA SR TR
MEmERRERET IR HEY, EE#THRA
HBR A MEFLEEERER, Bl FEE
BR— % TR B 1 5 2 T Bz IR B2 B s 4 41 % L i 1
BB G HAT RS H BT R g T4
L MPLA F AR,

BB S BLIX — D HE Y 77 A 18 % R 8 i S ok A
FiK 77 5 o X = 4 RO AT b B, B R I A O ok SR
BB, BEEER, EREE TEXERRE X, &
BRI KL B R R E AR
T—MEANRHAR BRI L Rl E B
E R AL 4 DB RAM. 5K %
FEC A2 SCO7 ¥ BA 0T 4 A (1) AT 8 PR B0 1R i
o BT R R AR IR, 280G . B E
HRE T — 2 RE B MERTEER; (2
P T AT 38 2o B AR R ot Bk R IR B AT R R E
32, DRI TIT 465 e PR B2 A 0 F AR BR AL 7 ] S AR AR 4 5
(3R AL 385 i) $d 3 o] IR UA B OB AT 4
R G 1) = [ oz B A

BHBEAEPHE BT ATE ELRET
BE =R R E S 506 EX R T T %
.o LBERERYFIA =R RERZ#RN CT
B &AL R BT B8 177 7 T 1 0 it
BARETIE WASEHHZRAHNXER.

1 FHiEHig

AXVIFEH T —F LA KAL BRI,
Ho s BER R f M AR 4 NS RAR

(BRE D, BESEEEER P, TR # 5k
FRI S R FE I I A AR B R s SR 3 e B A
HHEEAZHEAFRENERDEEREHER &
FARYE R BB R E RS BT &)
R R RSB E S B E A BRER
KEER 0,4 R —E ¥ 7 B (2 AR R &
BAE) s B Ja 3BT A ) = e B S AT R .
=4 cr Mg

BHE A D
| ClHER

ZHERK BB R A

lzﬁﬁ%@i

| mw =g cT g
ETFHEHNERERT |
y

KA BRE
A1 RELBRFE

1.1 4%

X—BEERNERT R MBI, 8% BT
PN R PRk, IRy ZHEALE. BT &
REMBELARALE R, MEFEX CT BALH
R 2 NS 1 N AT R B AL B R S A
W s B BK 3t 2%

KT @ BE L CT BghERMK
EESAEGYEAERRKEEARS TR AR
Gt i BB (B 0 A DX SR K kT, 48R T L SR L Bh
R R R % A 4 O

MNFXEEKE FEAP®E LK -4
FAER BT 5 T R ) B 2 B A 4, FT LA
HAPEERSERSEERWKERE, BTH
HeEBERHERE FRMESRMELE P-3K
e R A B o B R B0 4k A e AR R
BT E R R Z AR, BT RUR A B 47
ECMERZKEENE T E P, FRBHEE: T
KEEMESSBEMA, FEBHALYHEMTZ
MEAFTEN L ITEK.

1.2 BETKE

HAFREXES CT AR HKRAL S HA
FEATAL BB TR Mk P9 A R B R R S B Y B
BEE,FUAXUFERSAFES(CHELEN
0), AR NIEFFME S (CHEMME N DRFTE




g1M

o BEFAEEELRLACT BRTRALER 1167

B XHEEETRAER T KEE&IERERE O
1R 3 0 BB S BE S A AL T, B A0 BT (B RO R
THENBEFEERBGEE. A CRABTR
TR = 4 B EG B R e R T AR AR AE R B B
FHAE R A BR R BE B, o ML BE R B A P M B R R R
B B Bk e R A BB BE S, T BR 22 M R H
D BE B E R E I 0.

TELBRiTF o, % R A Ak BRI B 8 0 BK I BE A
%0 BE BT W BE, BT E W ORI AR W T A K (City
Block) . Y/l (Chamfer) % B 8 , i F 8- 15 & 3R I &
AR EMER TSR, NEAHIR P LEBE
BERER, AW H 8, EE BN KKEE
—FIEOHE. BRI EFXEZNEENERUESR
R ESR  MUR SUR I 58 2 B IRBE B B . 18 #L
MEEMRERTHNERZERERE, TAEAR
RAREBEEEEE, BOBE R, AU 2]
i BRI B R B B B b, TS T —
bR B = 2 K E BE B R e LD, MR A IR 2
& O(nlogn).

M= nXnXn HZH _HER  YRE—-1
BRENBOEBSBREMEN O RE LM FER
EREG-TASBEEN DE=Z4£BRPE 1
BAHTERTE, HhER AR S, N HRIE
BREBENBEMERENOGH. B 14
aXaXnlZH_EREMEE S nXn g
R g at, & 58 R A SCER (2 ]k 7 iR 58 » A ZHE
ST HRRER R, RS MR ERK
E-HREREPHREERA REMA ZARKER
TR GERKITENEBRPHER S H b 4%
B G i B AT BE B8 LA, T o O 1K O B R O
LPEBSSEEITEALEN BRI 8SE -4
Bl % h B AR

ZHTLRRERTHROBEHERNT .

(D Fx n A4 “EHEREIT FERE
B, REBITE p AR RN ZHERP LR
Boieh Mo ik RRERBEAN
Try 2 BHRLBE R 1,2, ;5

DEFn N _HBZEP . BPR pn KKE
n—1 B M ak=1,2, n— D#TEEITHES
.5 p BRI A EA=SR=EF
MBI R A

(3for(int A=0,A<logn—1,A++)

WX n N HERBIT d=2"% 5

(5)or(nt [=1;{<d;i++)

@1 Z L n A ERH AE p
WE MijuCe BAEN TR pos L AR pos 2ol B B
BERAN: 22D HETERTRESLE, 5
P LB BRIEN AN HEZF=EF K RIE
B

(7)endfor

(8)endfor

HTREBRARBESER LRGN, HiLE
MREEZHER PR RER ARG, EMNZE
) B o ok [ B R 78 B PO TIE A
1.3 R

JIT VR B 0 B 7 4 3L, R R DR B PR 1 o TR B
RUT 3R EEE &IF 1 RERRFILELE
HERESBOREEE N 5240 2 RKEEESEE
KESEBEEEN; &3 RBEEERLESE
SHETEHEN.
1.4 K44

HTHEWB BRI WL MESFEKTHRA
N FEEL—-LBAMHF 4B R0 EM %
TR, LAGE FI P A f BE AT S A TR

HERR L 3 R BRI TR B —1F
BRHY R, R T H—-EWHERMEDLE, Btk
TSRS, HITHEE R BRA LB
B R R AR e ik 3 R EH R
DR B B R T R B G P M MY R — A
AE SRR UBRETNHAERRBRRER
HARBIH, H b TIPSR, R ARZENHI A5
BB F 53 47

SCHR D4 70 23 26 o o = 4 338 % h i i T
BEAT BELG B 4 D, F x4 4 B3 R T Ab B M TE TR T
FEOGHE, A BRI R RE B—HEEEAR N 0
£ 1 T 0o B 4 PR 2 ) S R R T SR SCRR LS Ix ik
kAT T B, B EA W SR RE SRS RE
M E MR S, B SO 8 7 Bk B8 2 H(E
H, HANBEE T TRENER T THEES
T8, 1L phy T 7% B2 38 o A BT 6 SR R Of A W 4 £ T R £
B, BB RBA. #6], 7 R ABE MRS
KeH =By B RLEET, BHEHTES
5 AR 7T e 0 8 BE R R AR B A T A 1)
B B X B AR O B O 2 i A A
273




1168 HEEREEER

B 785 A K

T Z N AT, AMIE B R %0 5 4 5 6
WA ES I RSS2 RARIL. 453
BLEE AR CERL8 IR B T —Fh B TR 2 Hl M = 4 B ik
BERTMERTE. A TRXM R E L RBURE
I FAR TR AT e AT AR B R
R B BAER KRR KR T =48 504
Yy 02 ) BE , ) Bt B T B AR O IR AR T
B B RA T RRHBREE, IR
B R = 4 B S 4 R IR L.

BT e R R R B G R L 4 R AT
WEHEE SRR S Mk RITE . A MR
Rt REMBEERITESE s M RABR . AERE
WA 2 FrR.

zﬁ?ﬁﬁ

v

I 90 5 B B R

Y
LR IR TE P O 5 B A ik RO
]

Y
B/ RH R AR T 1T 8 0 K TS
%8 0 B3
{
By TmELgRNELLR]

W2 #atngrsin

(1) B AR

XY R R RE B FERE = AERESHN
BB CKE BESTE, T CT BR,E
HARAREE YR RNEREERETES
SrEIR R , A SUR T B AT,

(2) FYEBERE

BERBROYIGAREE, ARELEBK AR
W) 5 43 B S T6) BEL G . 3R, — b IR BEL O B AR
K, B R TAR TR R, AL F G YRR
TR B RN R B E R A
ITELTT LA ] o & B0 AT S R R A 4 5. (EARE A B 5
th B B AR 25 Y B B RO T B, A X B 6 MR
T,

(3) HFATEAFEB S ML SN RITE

LR AR R G AT A LR R
RE BRI R ERETT. %07 5 T HE SHEF L T
R LT, B BT S T Bt
RGP FE L. AEERBEN - EERGR,
X 45 A T LA S RS A R M B Y 1k 1) R
BEAT BB 3, LA R B B 4 A7 B9 23 (LR, {5 42
WY TT i 25 LA 0 22 53 B 4R A8 B R TT 0 R B B B fE
AT B B X A EE S e — A T B E
FRAE TR IR MR R W . RN R EaikITR
AEY R KR A, X LR TARFE— N %E
T A SCR A —F0 5 0 T A R = R E R
RBWL T 5 FH K AL FHHHZ AW ERE
B e MEF Lo, M PaP R RBANE
M R B A R AR B BN RT L T

(4) 32 B OG BRBNE H5

R&TT SR FETHSFEENEALHEE
{E AT #R 4% Phong Yt RUAERIRAS , B

C=1,+Kiy+ (N+L)+KJ,» (N+V")

Ho Koo K A3 B Rm 8 RS R OB R 3 R

LI P RIFRR A F R E6WBRE N L,V &

HI 2R A — AL T 1 B G IR O 1 AR R 7
V+L

AV =L
6) I FH LBERMB A K

B 48 B Jr 2R F G i, HARS
Cour * aout=Cnow M an0w+(l_anow) M C'm ¢ Qi
Qour = o T (1 — tyou) * Ain

HH, Coow s tuow 7 B R BT 5 R TN S H T 3R
A BEaMELE,Coa. RRFRIEAZ SN
BEFEIEE  Cous 0o TR BN _E 3 SAL M B A
RELYE /5 #9 A RE{E..

ETHRLHN=4BEGL XA FEER
FRBRMRT B EE R =BG T2
R, HE R I AR BB T L6 8
RIER.

2 LRFER

AR CT R KON R HLEHELR
EFRN-RE¥ESZ LS RE LT &
GHHEEE NP 300 D R KBTS R
Windows 98/NT/2000. 5 3 ¥ 3 A A&k # CT
B g, 3k 58 N4 A, B BE 1.5mm, & B R K




114

FoOTR% R FIBE B ARSI CT AR P HRAL BIR 1169

512X 512X 16bit.

EREINE, RERM T R E T EBRN
B LR AEREE B TERE BN EEER
¥ . Live-wire k% A BEAENEEREH
FEE BT IR i R EB BB H
2N CKASRB BN, RGERIE T ATHE
AR @ SR A BRI R T i H b B S B R R
P T TR A R RO B % B R AR T R X
B A0 B R R S ALK MRS T R
W, 7 3¢ A ICM (Trerated conditional modes ) 7§
K@it R WE, SRIEH,ICM NS
ot B o ) B A 396 R, 3F LIS FE AR IR G B
. A EIGE RS LA 3.

KARBRENSBRBOLRER BLR
TR BILE 4. 5.3 SHEAH AL H EBCOR
B ORLE 6) AT T . i 6 AT, AR CT

() BHRXHW CT M HER

(b) FHBEESREHN _EER

o
10N LA R, 2 L A el T

B3 ICM Bk o #gR

B O AT PR 2 ) BB B M A S 2 B MR R
A L TGk SR AR I TR S AT L R AR
7 S T xR B S 0 P R R AT IR R R
253 1, A5 80T 450 UL P 4L 2T A T L

(d) HBEMT R ER
(H B E BE 0~9. 76mm,
KIE 0~4000)

(¢) I B R MRS

Ha4 SAPRLHREHLMCT MR

(a) A

(b) HAE
B 5 BE BSOS BT L A LI A Sk R 2 A 1

(c) EWE



1170 hE B R E )

7 EA R

Gl IETES A R e R

QI R L SR T e S

Cor INELET T P AL 1 i

B6 HEMMLECT REFFLHNTRARDRELR

3 &

ASCH A Z R R B B A R LB CT &b
AL DR ALREB XT Bz Bk S 56 B B 2 1T ol 1 iR
5l 3F BE 58 R X B 4H 4 I BE F T RE 5L, 36 T 3 T
BAKET0E NASERN=RMBHXR EEY
FHAAERMMAME. S5 TFRATACH
) = YRR R B B R AR T AR R = B
FREB/ATTH AUSHER R, AW R EAEL
i A8 HL A BESR , R B, 7 Bk E G DR B 25 R R S A
. 1 A AR 58 AT LAY i PR SR BE AR R A TR AT A
B RARNRFE L N REERRAL KRR
AU BY. RGP LB TT 8GR KR
EEEZ LTS 4 REIEECE R R 2 WA
RSN FARE T A ME. T — 8 THERKE
BT Bk R B R BT A S, 2R
FEARIE T35 8 /> i 17 B 8 R 18 B 268 48 THT RS T R
. S REERRE.

s % x W

1 Pal NR, Pal S K. A review on image segmentation techniques
[J]. Pattern Recognition, 1993,26(9):1277~1294.

2 PR ZeRK/LEMERZRMBRRERLI) HENLER,
1995,18(8):611~616.

3 HER. HE CHRKEREHRO—-MHFIED]L KE¥R,
2001,12(3):383~389.

4 Levoy M. Display of surfaces from volume data [J]. IEEE
Computer Graphics & Applications, 1988,8(3):29~37.

5 FEEX.RR HARZEAAFHELHEAB R =Z48ED
[J]. FEHL#R,1994,17(11):801 ~808.

6 Udupa ] K, Odhner D. Shell rendering{J]. IEEE Computer
Graphics & Applications, 1993,13(6):58~67.

7 GHLCEERE ETHNAEMNZARESSSEAREBRE
). B4R, 1996,7(9):513~520.

8 HEBR BEEFEY. -BETELHAZSABEHLEEE
ARITED]] BT, 2001,29(1):140~142.

9 FAT HE HEXHENHEREEENXEERBERT]
B4R, 2000,11(3):379~385.

OB 1972 4, bR B AT
B4 FERRIERER R ERR
b1

B #1960 A, FRBE B B LAY
MR ELESH. FERRTAREHERX
PR ESHRAE HENMES ZRIE

fTEES 1973 4, R R B B Bk BT
M4t FEHRAABEER RN SESR
R GTEHER %




