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Abstract : Virtual colonoscopy is a non-invasive computerized procedure to detect polyps by examining the colon from a CT
date set. To fly through the inside of colons. the extraction of a suitable flight-path is necessary to provide the viewpoint and
view direction of a virtual camera. However, manual path extraction by picking points is a very time-consuming and difficult
task due to the long and complex shape of colon. Also, existing automatic methods are computationally complex, and tend to
generate an improper and/or discontinuous path for complicated regions. In this paper, we propose a fast flight-path
generation algorithm using the distance and order maps. The order map provides all possible directions of a path. The
distance map assigns the Euclidean distance value from each inside voxel to the nearest background voxel. By jointly using
these two maps. we can obtain a proper centerline regardless of thickness and curvature of an object. Also, we propose a
simple smoothing technique that guarantees not to collide with the surface of an object. The phantom and real colon data are
used for experiments. Experimental results show that for a set of human colon data, the proposed algorithm can provide a
smoothened and connected flight-path within a minute on an 800MHz PC. And it is proved that the obtained flight-path
provides successive volume-rendered images satisfactory for virtual navigation.

Key words : virtual colonoscopy(7H¢ % WAI7A), automatic flight-path generation(A% Z2 443}, fast flight-path generation(i
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Fig. 6. Resuits from the two phantom data by using the proposed algorithm. The first column shows the result from a
donut-like phantom with varying thickness, and the second column shows the result from a sine-shaped phantom with a
high curvature. (a) and (b) Distance maps, (c) and (d) estimated centerlines, (e) and (f) selected control points for
B-spline, (g) and (h) final flight-paths for virtual camera for each phantom, respectively

I
1o

02

olF& 3l A A244, A2F, 2003



1
[

Al A ]

) {c)

fa)

O 7. oiE CT dag ol88 Zus. (a) oY =2 24, (b)
Hel Xk, () 2F 7lol2te] ol 32

Fig. 7. Results from a human colon CT data set. (a)
Segmentation result, (b) distance map, and (c) the final
fl ght-path for the virtual camera

2ol SAET 10 & gg EERn.
5. §F SN M4y

A7) Ane wye w4 g
Age] A% FPAE YL F
Bl A 3w 7}Xl—t— Aol ae
o] % Azl

ot B e X ko -N:
o H

1=

i}

rr

lm

i

B
ofN
ofy

Ly v
o o

Lo
2

goe ;LQ}

™ nﬂ'o ol
OfN
>
do o 2
i

AU

e

o N o
it
o

o
rloj.‘i

S A

s
Lo

!

=
‘fl_‘z

g, E9 AP FAETE
A shletel &

[e]
Sez Aas At 289 ud ET
st At gl A Aol

E

1(phantom) Ho]E ¢} 512x%

ALgstgc), 53, A9
ko] Fxe} IELO] thAaA o] FA7 5438 W
= S

N

%
AMD 800MHz CPUE 7} PCo
Ja-& o] R8sty oo F HE
F AEE gt 29 6(a), (b) 3-4-5 chamfer maskE&

O =2 L=y
2 3¢E 27 A

ri&ikﬂur

L=
A &
Sk,

=

81

Yok

MAME AzE

ol ©

agl 8. Hetst diHol o|sh ol HAE
Fig. 8. Virtual endoscopy images using the obtained
flight-path by the proposed algorithm

Abgslel d& T A" deolEe A ALE MIP(maximum
intensity projection)Z ©]-§3f ek O]‘jr o] u ARggH
mask 9 FF w} A ALw okt 2

o} 29 6(c), (de Ast g o) E*é
& E% A & (volume rendering)f& @1}%
Ve HE83 B o) A %
:L‘“é (g), (h)‘:‘ O]é% =

(o)}

(),

< @l
ol
o _E ("k‘l

u] oF 1029 A|7bo] A9
A et 28 7o) ARE o] EsuA
F4E HoFErh

=0
T
£
N
o
N
=
o I

o,
ot
L
N
N
ol
olr
ol
|
fau
2
=
st
o
—~ L
=2

N
)
o
=
>
onl
=,
2
o

ol
o
=
im
ﬁ’
x
e

o ©

£
_YE
L
S
x
ﬂ.l
i
_p
X
o
U

£
=
o>,
o
o
1o
t:

ool o

oA LHTA g we gos
&, 29 1o] vEd J129) BAE A @
! 2 89 2l 98] U el 1
6c), (D) AFzie, AR BB APAN AIAT &
& ASol: we Aoiel AugozA APFe o8 3
27h oaAe ERel FERAL BERE AL %L & 9
on, WAL FAL Bl JUYon 3 %

J. Biomed. Eng. Res: Vol. 24, No. 2, 2003



82 rET
& duFomd 6% YES F2E 92 £ U ¢ 4
AT 53 YA Aol gz e 3% PEED
e AL PAE S FRAL AT o8k Bake
AW, A% A2 A4 D0UF F Iy e PEoR 29
A Sl Az 9 ¢neFe F%, Dikstra A B2 2
dze 7@ 98 ASHE 53 22 2e%(dynamic

programming) WA E tdA Wie RE B dsie
a9 Fqueue)dl Sl FE F HAFY YAES o}

Y @t asos Az A4S A% % & # o)y
59 Aol Zele Aes wuHth wE, AL e

AxbEe] g ARshE &4 ARE A A8 didt
A e mE Bdd diste o F #He9] F7Hincrement)d

e Fisleg Ag ¥ duddF Bg X2 ANFE ¥
o7 @ E3, AHEA7E 2e dolgdd M2 & HEE
Agstel gastaa ke Aeele dFge £ 2 A A
T A4S 3 e PR olE HAE 47321 oot

itk 71& 2 (1-4, 6-8] o 53 AlZke] g 5 Fol
A g A Ae nHE o At s ARgshd %iﬂ?«l
$4E AT o 10% Wele] £ Aol HastH A
AA3& gzt 1% odd HF 234E 4& + o=
Z ole & Al B HolHE A9 HAteR HAE
T A5E Irgn

rHu

of ERIAE g o FolAt AgED BHE o
gote] g Adae 0B AU AZE AFOE 44T
v guelEe At Ad Faelze A ARG &
£8 o)gdte] gFushe

=
Ay 2 AP pHe

Hy o

rr
i
ox,
tlo
ofl
=o{=1
N

B
1o

=

o] 353 A #247, A2, 2003

1

I
Ao
o

1. T-Y. Lee, P-H. Lin, C.-H. Lin, Y.-N. Sun, and
X.-Z. Lin, "Interactive 3-D virtual colonoscopy sys-
tem”, IEEE Trans. on Information Technology in
Biomedicine, Vol. 3, No. 2, pp. 139-150, June 1999

2. L. Hong, A. Kaufman, Y.-C. Wei, A. Viswambharan, M.
Wax, and Z. Liang, "3D Virtual Colonoscopy”, in Proc. of
Symp. on Biomedical Visualization, pp. 26~ 32, 19%

3. I Bitter, A. Kaufman, and M. Sato, "Penalized-dis-
tance volumetric skeleton algorithm”, IEEE Trans.
on Visualization and Computer Graphics, Vol. 7, No.
3, pp. 195-206, July-Sept. 2001

4. D.S. Paik, CF. Beauliew, RB. Jeffery, G.D. Rubin,
and S. Napel, "Automated flight path planning for
virtual endoscopy”, Medical Physics, Vol. 25, No. 5,
pp. 629-637, May 1998

5. EW. Dijkstra,
nexion the graphs”, Numerisch Mathematik, Vol. 1,
pp. 269-271, 1959

6. Y. Samara, M. Fiebrich, A. Dachman, J. Kuniyoshi,
K. Doi, and K. R.
of the centerline of the human colon on CT images”,
Academy of Radiology, Vol. 6, pp. 352-359, 1999.

7. Y. Zhou and AW. Toga, "Efficient skeletonization of
volumetric objects”, IEEE Trans. Visualization and
Computer Graphics, Vol. 5, No. 3, pp. 196-209, July-
Sept. 1999

8. M. Wan, F. Dachille, and A. Kaufman,
field based skeletons for virtual navigation”, in Proc.
of Visualization, pp. 239-245, San Diego, CA, Oct. 2001.

9. G. Borgefors,
images”, Computer Vision, Graphics and Image Pro-
cessing, Vol. 34, pp. 344-371, 1986

"A note on two problems in con-

Hoffman, "Automated calculation

"Distance-

"Distance transformations in digital



