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Straightening an intestine volume for its shape analysis

MASAHIRO SuzUKI, Tt IkunisA Mitsucamr,
YASUYUKI MATSUSHITA, 2 YasusHl KaNAzAwA 3
and YASUSHI YAGIT!

Three-dimensional (3D) shape of an entire intestine is one of helpful informa-
tion for ease in endoscope diagnosis. Though some existing studies aim at the
3D shape recovery using the Structure-from-Motion technique, it is still hard
to recover dense 3D shape because feature points are extracted sparsely and
they are not robust in intestine scenes. In our study, therefore, we propose to
obtain an intestine model which well describes restriction of real intestines, and
use it as well as the SfM technique to recover the dense 3D shape accurately.
This paper particularly describes a shape extension image which is proposed
for analyzing the intestine shape, process for obtaining this extension image
from CT images, and frequency analysis of the extension image to consider a
tendency of the shape.
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Fig.1 Endoscope
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Fig.2 Endoscopic image
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Fig.3 feature points detected by Fig.4 Reconstruct result by Fig.5 detected feature points
SIFT Hirai et al
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Fig.6 Entire intestine shape
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Fig.7 Thinning result using by Euclidean
Distance Tranceformation

gooooooooooooooooooobooooooobooooooooDbooDbboo
00000000000000000000000%% 000000000000000
oobOo0obO00 200000000 200000000000000000000DO
ooooooon

gooooooooooobooboooooooooooooooooboooooooooDoboo
ocooooooooooboooooooooooOoboboboOoOooooooOO sOboOoOoooo
ocoobooooooooooooooobboOooooooooOobOOoOoboOoooobooooon
gooobobobooooooooooobooooooooooooooooogoooooo
goboooboooooboooooobobooooooboooooon

00000000 V(p)OOOOODDOOODOV(xp)OODOOOOODO 1000000
ooobooooooonoon

O0o0oU00o0o0oooUo0»000 00000 20000 S(x,v)00 (1)0OO
goboooobooobooooo

S(.’JL',U)ZI—M (Jle —v <r|)

=0 (lg —v>r|) (1)

gobooboooooooooocoooobobooooobooooooooboobooooooboo

Vol.2011-CVIM-177 No.8
2011/5/19

08 OO0OOOOOO
g.8 Method of calculating the centerline
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F Fig.9 Weighted ball
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Fig. 10 Process of searching center points
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E is equal.
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Fig.11 If radius is equal

Fig.12 If radius is variable
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Fig. 13 Way of updating the radius. (a)If weighted ball is inscribed. (b)If weighted ball is larger
than inscribed.
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Fig. 14 Entire centerline
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Fig. 15 Part ofincorrect centerline
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Fig. 16 Process of calculating cross-section.
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Fig. 17 Difinition of Decenter 000(@O:0000000:00000)
Fig. 18 Comparison between centerline before
optimizing and afteroptimizing.
(Green:before optimizing, Red:after opti-
mizing.)
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Fig.19 Straightened intestine volume
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Fig.20 Dissection shape image of intestine

goboobooooooooobooboo 2000000000000 DOOOOODODOO

goboooobooooooooooobooooooobooooboooo

3.5 UUO0OO0OOO0OOOOO0OO0OO0

goboooboobooboooboooodoooOoboo sgboooOobooOoOoOoOoOobOoOoDo

oooooooooooooooooooooobooobOboooooooboOoooooDooo

0000 30000000000000000 21(b)000O0 300000000000

goboooobooooooooooooboboooobooooooooboboooboooooon

Step 1: 00000O0O0OOO300000000 ywOOOOO

Step 2: 000O0O0OOOOOCOOOOOOOO0GO0000

Step 3: 0000 120000000000000000004¢;000 120000000
[II:Id;DDDD(i—l)DDDDDDd,-_l[IEIEII:IDDDiDDEIEIEIEIdi[I[I[II:I
ooo0o

Step 4: Step 3000000 00000000004, 00000

Step 5: Step 400000000 ¢, 0000000000000O00COCOO0OOOO
O000000oO0o0o 21(e) 0000000000 DODOODOOOOOOOOODOOO

goooobooooodoooooboooooboboooooooooooboooooooo

gobooooboooooooooooboooon

4. DO0O0OO0OOO0OO0DOO0

gooobooobooooooooobocooooobooo0ooooobooboOooooobooooDoboo
gooao

goobooooooooooooboooooobobooO0oOoOoobooOoOoOboOoboboOoooDoo
goooooooooooboooooboooooboOooooooboboobooobooDboboDboo
goooobooooooboooobooooboooobOoooooOobooooooobOoooooDooboo
ocoooOOooNOOOOODOOOOOOOOOOO0OO0ODOODO 2300000000000

(TR T}

(I T T}

(TR T}

(c)
021 000OODODOO0000CO() D000 (b)0000 (¢)00000000C0 (d)00000000000
Fig.21 Dissection shape image of intestine and enhancement image.(a)original image (b)enhancement

image (c)original image after phasefocusing (d)enhancement image after focusing
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Fig.22 Process of focusing phase
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Fig.24 Relation between difference and maximum frecuency
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