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Fig.1 Progress of computer aidsfor cancer detection and diagnosis

Fig.2 Detection of abnormal shadows (masses) from a mammogram (by S. Yamamoto, Toyohashi Univ. of Technology)
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Fig.4 Examplesof CAD for chest X-ray CT images (detection of cancer nodule) [0 O 96] (by N. Niki, Tokushima Univ.)
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I—P FETPREE e Err Subwindow

Main window

Original image
window

Fig. 6 Example of theinterface picture frame for virtualized bronchoscopy system
[OD 95] (by K. Mori and J. Toriwaki, Nagoya Univ.)

Fig. 7 Examples of the volume rendering(left) and the surface rendering(right)
(by M. Hayashi and J. Toriwaki, Nagoya Univ.)
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Fig. 8 Use of pointing devicein the simulation of bone manipulation in 3D space
[O 0O 97] (by S. Nanbu and J. Toriwaki, Nagoya Univ.)

Fig. 9 Modeling of the defor mation of bronchus and
the simulation of stent insertion
(by K. Mori and J. Toriwaki, Nagoya Univ.)

-21 -



ooooboOobooobooboooon voa

gbooooooooboboboboobooooobooobooobooo
gbooooooooboobobobobobobooogoobogoo
gobooobboooboobooobboooboooo
O00oooO0o0oooO0ooooo0ooDooobDOnVES
gbobogoooooctboboooooboobobooo
O0000O000DO0OO00DOO0O00D0OFRg100O0OOO
goo9y7i0oooo0ooooo0ogoooooooon
booooooobooboboboboooboobooo
gobooooboooboooboooobbooooboooon
goooooooboo

52 000000000000
go00o0mOoOoOoOoOO0OOUOOOOOODODOODO
goboooboboobboobobuoouoboouboo
O0o0O0oO0oOooOoOoooooDesoooooooon
(computer aided(assisted) surgery CAS)O O O O O [Taylor96,
00900097j00 00000000 ooooooDoOO
oo oobbooubbooobboo
OoooOooUoooooUooooooooooog
[Spec95a,b,96a,b00 Dig97]0 O O O O 30 O O [Dig97]0
O0000000oooooo@uououooooooooo
ooo0nD)yYhoooooooooooooooooooao
O O (registration)
go0ooOOo@oOoOooO)yoooooooooooooo
go0o0o0oOoOoOoOoOoOOoOOOOoOboOO
goboooboboobboobobuoouoboouboo
000000000 (Augmented Reality) D O OO O
00000o0o0o00ooo0Oopoooooooooooo
0000000000000 0ooooooooooooo
goboooboboobboobobuoouoboouboo
go0O0O0O00O0O0OO0oO0OO0oO0O0OOOoOOoDOoOoOOgOdHMD
O000000000o0o0o0o0oooooooooooo
o000 ooooooOoOODMoOooOooO@EOoODOO
O0O0@OOoodDviewenOOO)OOOOOOOOODO
O000o0oooooooooooooooooooooo
goooOoooOoOoOoOoOoOoOoOoOoOoOoOoOoO((Figlyoo
gooo0oO0oO0OOOO0OO0O0OO0OOOOODmOoUODODO
godooooooooooobbbbbbobo

6. 00000000 DOOO0DDOOODbOOoOobOOoonog
gd

gbooboooooboobobobolwmoobobooboo
omgbobobooboobooboobobmogoogoon
gboooooooboobobmoobooboboobooo
booooobobobobooboooboobooboobooo
gbobobooooooboobobobooobobooboon
gboooooooboobmoooobobooboobooo
O000000000000D0MO00Hoehned510 00O
goboooobobooobooboobooobobooobooon

000000000000 (International Society of Computer Aided Surgery
ISCAS) 0960 0000 (I 00 P.Rabischong)D O OO OOOODOOOD
0000000 00OCAR'970970 O O Computer Assisted Radiology and
Surgery O SurgeryD OO O0OOODODO

-22 -

Nov. 1997

00000000000000000000000000
00000000000 [Hoehne92,960 Tiede93,96]
(Fig.l2) 00000 OUO97alc]0 00000000000
00000000000000000000

7. 000
gboooooooboobobobobooooooobon
gbooboooooboooboboboobooboboboo
gbooboooooboobobomoboooboobobooo
gboobooooooobobomo™moooogoogoon
oooooooooooooooooooooo(@Eoo
ooooooboOo)yoobooooooooooboogoo
gboboooobooboobobobooooogoobooon
gbooboooooooboboboboboooboboo
gboboomoboobooboobooboboboboo
gboobooooooooboobobob
OoooopoooO0oOooobooooooooooo
94a,95¢,96]0 000000000 O0O0OOO0O([OO
95a-d,96d, 97a-c]0 0 0 0 M 0000000000000
gooon

oo
boooooooboobobobomoboboboo
gbooboooooboobobobobooboomobooo
gbooboooooboobobomoboooboobobooo
gbooboooooooboomooo™moooogoogon
gobooooboboooboobooobobooobooon
gbooobooobooboobooboooboooo
gobooooboooboooboooboooboooon
goboooboooboooboooboooboooo
gobooooboboooboobooobobooobooon
gbooooooocADMOOOOODOOODOOOODOOOOO
gboooooooobobobobooboono
goboooboooboooboooboooboooo
gbooooooboobo

goono

[Do00000D00D00bOo0DDOooOoO(VvWEDDODOOD
00000 0000JAMIT Frontier' 96,0 O O O O O pp.450500 (1996)

[009%200000003DCTUOOOOODOOODODODODODOOOOnOg
0 O (SurgiPlan)(1)0 0 0 0 O 110 pp.146-150 O (1992)

[DO0%p00000DO3DCTOOO0ODDD000DDDOOODD
0 O (SurgiPlan)(2)00 0 O O O 110 pp.960-96801 (1992)

[DO0e0 0000000000000 000000oooooooog
300O0XoCcThooooooooooooos0000oo0oog
ooobooo0oo/o400000000000DOOODOODO
pp.147-148 (1995)

[D090000000000000000000000UUOUOOCADM
0000000 0No.18, pp.4-60 (1996.12)

[DDO97[00000DDO0O0O0000ODODODO00003000ooDD
goo970oo00OO030obo0oo0ooobooboOo9yroboooogon
00000 pp.97-102 (1997.7)

[DOoes00D0O0ODO0O00000D0D0ooooooooooCcTooooog
0000000000 JAMIT Frontier'95 00 0O 0 0O O pp.74-79
(1995.1)

[DO97]000000000D00ODOO0OOThinSectionCTOOODOOO
goooboooooooboobooooooboooboooobooobo
JAMIT Frontier '97 0 O 0 0 O O pp.117-122 (1997.1)

[DD90 0000000000000 0000000000Oooooog



Journal of Computer Aided Diagnosis of Medical Images Vol.1

00o00000o0D000o0o00O000000o0ooO0oDo0oooDn
oooooooo,s7,6, pp.1088-1098 (1996.6)

[088U 0000000000000 0oooooooCcTooog
gooooooooooboboooooooboooobooooboboobo
000000026, 2, pp.231-234 (1988)

[DO97]00800 000000000000 00ODODO0O0OODOO0OOODO
30000CTU00NONDNODNOODOODODOU00U0OO0OnOOOMedical
Imaging Technology, 15, 4(0 160 00000000000 0O0O0O)
pp.421-42201 (1997.7)

[CDO90 0000000000000 0O00DO3OCTOODDOODOO
0000300000000000000000OIAMIT Frontier '95
000000 pp.68-73 (1995.1)

[DO097]0000000000000000000O000O00003000
goooo0oDOoDOoboOoOIIMPRESSOOOOODOOODOODO
0000000 OOJAMIT Frontier'97 0 0 0 O O O pp.151-1560
(1997.1)

[DO0e0 0000000000000 0000D00O000O00000O0
00000000000 Medical Imaging Technology, 14, 6, pp.691-697
(1996.11)

[ODO97[0 000000000000 000DOODOO0O000OOODODOO
0000000000000 000D00(@000B(1))(1997.3)

[D097]000000000000000000D0DO0D0OUOCADMODD
0000 O No.20, pp.12-1301 (1997.6)

[DDO97]0000000000000OCCOOOODOOOOOO0O0OOO@
0o0000)§Do0o000D0O0000000000057,20p.2310
(1997.2)

[0 O 94a]T.Saito and J.Toriwaki : Reverse distance transformation and skeletons
based uponO the Euclidean metric for n-dimensional digital binary pictures,
IEICE Trans. INF & SYST, Japan, E77-D, 9,pp.1005-1016 (1994.9)

[0 O 94b]T.Saito and J.Toriwaki : New algorithms for n-dimensional Euclidean
distance transformation, Pattern Recognition, 27, 11,pp.1551-1565 (1994)

[0 O 95]T.Saito and J.Toriwaki : A sequential thinning algorithm for three dimen-
sional digital pictures using the Euclidean distance transformation, Proc. 9th
Scandinavian Conf. on[] Image Analysis,pp.507-516 (1995.6)

[0 0000000000000 000000ooooooooo
gooob200000000000000OO0DO0O00O0O0O00O7J78-
D-Il, 1, pp.29-39 (1995.1)

[0O0%0000000000000000000DO0000OO0O00ODO
goXpooooooooooooooooooooooboooboo
000000D00000000,34,1,pp.38-46 (1996.3)

[DO09%7000000000000000000D00O00000000O0
goo0ooOoooO0obOOoO0obo0DOoOobOOobOboOoboOoxgooo
000000000000 0o00U00oooooooooo Volg,
No.1 (1997.8)

[DO97b]000O0:MRIDOOOOODODOODOOODOOOOOIESODOO
OO0OCADMO DO OO OO OO No.19, pp.3-601 (1997.3)

[DO097]000000000000000000D0D00U0UUUOOoUo
00000000000000000000 OMedical Imaging Tech-
nology, 15, 4, pp.487-488[] (1997.7)

[097]00 0000000000000 00000DOO0D00ODO0OODOO
goOoooo0oOooOoOobobo0oooOoOoboooboooDboobo
0 O JAMIT Frontierd7 0 O 0 O O O pp.135-140 (1997.1)

[0O8UOi00003a00000on0oo0ooooooooooooong
000000000 270 pp.70-78 (1989)

[0DDes0000D0000000000000oooooooCcTooog
00000000000000000000000017,3,p.243(0
180 00000000000000000000O0000)0(1995.5)

[0O0900000CTODO199000000000CTHO 20 pp.1-10 1996

[0 0000000000000 000O0oDO00o0UUoooooo
INNERVISIONC 4,700 (1989.7)

[0D09%40 000000000000 DOO Medical Imaging technology,12,5
(1994-9)

[D094b]00/000000000000O0O12,2(1994.2)

[DD9%a 0000000000000 OMEDBMED Y, 11 (1995.11)

[0DO095b]0 0 0000003000000 O Medical Imaging technology,13
1995

[DO97]000000000000OBME,11,8 (1997.12)

[CO97]000000000D0DODODOO0OOThinSectionCTOOOOOO
D00oo0o0oo0bDo0o0o0oo0o0o0oooooon JAMIT

-23-

Nov. 1997

Frontier '97 0 O 0 O O O pp.99-104 (1997.1)

[DDe0 000000000 D0N0N0DD00ooooooCcTOOODOg
000000000000000000JAMIT Frontier97 0000
0 O pp.111-116 (1997.1)

[00940 0000000000000 0DOOO DO Medical Imaging technol-
ogy, 12,5,pp.612-618 (1994.9)

[009% 000 0000000000000000OXO00O0O0OO0ooOoOoOO
0 0 D0000000000000000 O (1994)

[009%4b000000000000000000000O000000 Medi-
cal Imaging Technology, 12, 5, pp.5850592[1 (1994.9)

[00%0000000000000000000000O0OOBMEDY, 11,
pp.12-20 (1995.11)

[DO9%hl0O0000000000000000000000D@WO0O00
goO00O0opDOoDOOobOocADMOOODOOODO ONo.12, pp.8-14 0
(1995.6)

[ODO%%c0 00000000000 00OODoDoooooooEODOOO
00000000CADMODODOD OO No.13, pp.2-130 (1995.9)

[DO09%d0 0000000000000 00oO0ooDoooDoooDO
BMED 9, 1, pp.34-43 (1995)0]

[ODO%e]l00 00000000 DODOO0ODOOOOOOODODOOODOOOO
0000000000000 00000PRU95-176 (1995.12)
[00%0 0000030 0000000000000000DO4101100

00000pp.1179-1192, 0 0 O O [1996.11)

[OOeeh]D OO0 0000000DODOO000O000000oooooooo
000 01996.8.1)

[DO97q0 000003000000 0O0ODODODOODOOODOOOOOO
0 O O Medical Imaging Technology, 15, 4, pp.317-3270 (1997.7)
[DO97ph]00 0000000000000 00OO0O0OOOObOOD
00o00o0boo0o000oo0oooooocADMOOOODOOGOO

No.19, pp.10-11 (1997.3)

[0DO097c]00 0000000000000 0O0O0O0O0O0OOUOOOBME,11,8
pp.24-35 (1997.8)

[DO9dl0 000000000 0000000000000ODO00000
0000000000000 00000000000000D Vol.2,
pp.1-4 (1997.9)

[DO97e]l0 000007440 000000X0000000OOOOODOO
Oooo0o0oO0o0o00oo0o0o0o0o0o0oo0o0osooooooon
0000000000ooooooooooo (199)0(@o0o)

[0DOe0 0 0000000000000 0OO300ooooooooog
0000000000000 00D0O0O00000OXoCT(LSCT)
00000 (030)0 Medical Imaging Technology, 13, 2, pp.155-164
(1995.3)

[CO0000000000000000000O000000On O %4a]
pp.42-102 (1994)

[DO%UO000D000000000FCRODOOOOOODOOOOD
goopbDO0opbDOoO0opoO0ooO0oOooDOOoboO0obOoboOooDgoooobsd
0020000000H8-02-60(1996.12.11)

[DO97]0 0000000000000 0000DO0O0O0ODUOOOOOO
Oooo0o0o0o0o03000000o0o0o0ooooooooon
00000000070 00000000000000O0/06000
0000000000000000pp.109-110 (1997.10)

[D009%0000000000000D000000094alpp.164-170
(1994)

[D00970 0000000000000 0O0D0O00O0DOOOOOOO
ctTfbooooooobooooooooobooOoooooooo
0 O O Medical Imaging Technology, 15, 40 160 0 0000000 0O
00000 )pp.485-486 (1997.7)

[DO0097p]0000003000000000000000O0OON Medical
Imaging Technology, 15, 4(0 160 00000000000 0O0O0O)
pp.339-348 (1997.7)

[0097]000000000000000000DO0O0DOO0000O0OO0
goooDOXocToooooooopboop3ooooooooboo
0 O O O Medical Imaging Technology, 15, 3, pp.228-236 (1997.5)

[00940X0000000000 0D 94alpp.156-163 (1994)

[0 O 95]H.Fujita, T.Endo, T.Matsubara, et al.:Automated detection of masses and
clustered micorcalcificaions on mammograms, Proc. of SPIE Vol.2434
Medical Imaging 1995 Image Processing, pp.682-692 (1995)

[ODOe0 0000000000000 DODOO0D00oOoOoOOooooOom™
000000o00oas, 2, pp.135-147 (1996)



ooooboOobooobooboooon voa

[0D0097a0 00000000 0O http://s10d.smb.man.ac.uk/<MIAScom.html
gooo

[O O O 97b]http://marathon.csee.usf.edu/Mammography/Database.html

[CO97]000000000D0ODOODO00000ODON-QuoitCOOO00OO
ooooxocTooooooOoooOooooooooooooon
O JAMIT Frontier97 O 0 0 O O O pp.185-190 (1997.1)

[DO00%0 0000000000000 000D0D0ooooooooo
gooooooo0o0oDOo0oOoXxooooooooboooobooo
0 00 0O O Medical Imaging Technology, 14, 3, pp.269-279 (1996.3)

[COO97]0 0000000000000 0D0DODOODOO300000
goobOOooOoOooOoo3gooboooooxgecrtoooooog
00000000000J80A,7, pp.1162-1170 (1997.7)

[0980 0000000000000 0000300000000000
goooooocrtoocoooooobooboboooooooog
00000000J76D-I1, 8 ,pp.1587-1594(1993.8)

[D9%0 00 0000000000000 00000O0O000OO300X
ocToooooOoDOoooooooooDoooooooooon
0000000000 OPRU93-149 (1994.3)

[D9bl0 00000000000 000000D00O0O0UOOOoUooD
gofoO0opo3pooocTigoooooooooogoooooo
Medical Imaging Technology, 12,3, pp.216-223 (1994.5)

[095|0 0000000000000 0000D0DOOOODODO3000
gcTidoo0o0o0ooooooooooooooooo@ooo
goooooooo)yoooooooooo, 33,4, pp.343-351
(1995.12)

[OD9D 0 0000000000000 0000D000O0ODO0O0DOO
0000000000000, 11,000 00 Opp.1385-1391,
0000 0(1996.11)

[0 96b]K.Mori, A.Urano, J.Hasegawa, J.Toriwaki, H.Anno, and K.Katada :
Virtualized endoscope system - an application of virtual reality technology
to diagnostic aid, IEICE Trans. Inf.& Sys.,E79-D, 6, pp.809-819 (1996.6)

[0 96¢]K.Mori, J.Hasegawa, J.Toriwaki, M.Anno and K.Katada : Recognition of
bronchus in three dimensi onal X-ray CT images with applications to
virtualized bronchoscopy system, Proc. of 13th ICPR, Vol.lll, pp.528-532
(1996.8)

[0 971K.Mori,Y.Seki, J.Hasegawa,J. Toriwaki, M.Anno and K.Katada:A method
for shape deformation of organ and its application to virtualiz ed endo-
scope system, Proc.of the 11th Intrernational Symposium and Exhibition,
CAR97, Computer Assisted Radiology and Surgery ,pp.189-194 , Elsevier
(1997)

[0D0e00000000000D0000000000O00000300
gooooo0o0oooOoboo0oooOoOooboooobooooDoooboD
000000000000J79-D-11,10, pp.1664-1674 (1996.10)

[DO97[00 0000000000000 000D00O0DOOoOOODOOO
00000020300000000000000000Medical
Imaging Technology, 15, 2, pp.95-103 (1997.3)

[0DO09aU 0000000000000 oUu30ooooooooooo
g00o00ooooO0O0O0ODO0O0O00O0O0O0O0OgNuUess-v2000d
0000000 31,6,pp.870-878 (1990.6)

[0 O 90b]T.Yasuda, Y.Hashimoto, S.Yokoi, and J.Toriwaki:Computer system for
craniofacial surgicalplanning based on CT images, IEEE Trans.on Medical
Imaging, 9, 3, pp.270-280 (1990.9)

[00900000000000000O0OD Augmented realityd) 0 O 0O O
30000000oo0oo0oooboooboomsoboooonDo
J0000ooooOo/040000000000000000D0DODO
pp.99-100 (1996)

[0D093]0 0000000000000 0D00000DOXOCT(LSCT)
gooooooOopoooboooooooboomoooooobooo
0 0 0 J76-D-11, 2, pp.250-260 (1992.2)

[DO%bj0000000000000D0DODOOO0O0OoooooMIPOO
0000000XOCTO 000D 0O Medical Imaging Technology,
12, 6, pp.737-747(1994.11)

[COeI000000DOO0OOoCTU00DOOOoOoUUooooooog
0000000000 0CTOO 30 pp.23-240 (1996)

[DO0%0000000D00000D00000000000O00DOed?
0000000000000000000000Ix1996.11)

[O O 97]K.Yoshida,M.Endo, K.Mori, K.Katada, et al. :Virtualized angioscopy of
the thoracic aorta in an animal model, Japanese Circulation Journal (O O
oo)

Nov. 1997

[Dig96]A.Digioia, T.Kanade and N.T.Wells :Final Report for the Second Interntional
Workshop on Robotics, and Computer Assisted Medical Interventions, Bristol,
England, June 23-26, England,

[Hoehne92]K.H.Hoehne et aldJ A volume based anatomical atlas, IEEE Computer
Graphics and Applications 12 pp.72-7800 (1992)

[Hoehne95]K.H.Hoehne, B.Pflesser, A.Pommert, M.Riemer, Th.Schiemann,
R.Schubert and U .Tiede : A new representation of knowledge concerning
human anatomy and function, Nature Medicine, 1, 6, pp.506-511 (1995.6)

[Hoehne96]Hoehne KH et al: A “virtual body™ model for surgical education and
rehearsal,IEEE Computer 2901 pp.25-310 (1996)

[Hong95]Hong L et alx 3D virtual colonoscopy, Proc. 1995 IEEE Biomedical Visu-
alization Symp., pp.26-32 (1995)

[Taylor96]R.H.Taylor, S.Lavallee, G.C.Burdea and R.Mosges eds.: Computer-inte-
grated Surgery:Technology and Clinical Applications, The MIT Press, Cam-
bridge, Massachusetts, U.S.A., O (1996)

[Spec95a]Special issue on Virtual Environments, Computer, 28, 7, IEEE Computer
Society[] (1995)

[Spec95b]Special issue on Virtual Reality for Medicine, Computers in Biology and
Medicine, 25, 200 (1995)

[Spec96a]Special issue on Computer applications in surgery, IEEE Computer, 29
(1996)

[Spec96b]Special issue on Applications in surgery and therapy,IEEE Compurter
Graphics and Applications 16 (1996)

[Tiede93]U.Tiede, M.Bomans, K.H.Hohne, A.Pommert, M.Riemer, Th.Schiemann,
and, R.Schubert and W.Lierse:A computerized three-dimensional atlas of the
human skull and brain, AIJNR,14, pp.551-559 (1993.5/6)

[Tiede96]U.Tiede, Th.Schiemann, and, K.H.Hohne:Visualizing the visible
human,|IEEE Computer Graphics And Applications, 161, pp.7-9 (1996.1)

[Visibled5]0 DO OO0 OO0 OO0 www.nlm.nih.gov O O OO

gogno

gododoooooooooooooo
196700 000000000000000000
0000019700 000000000000000
00000000000000000000000
000000001980 000000000000
00000000000000000000000
00000000000000000000000
00MO000Qo0o0o)00

=24 -



Journal of Computer Aided Diagnosisof Medical Images Vol.1  Nov. 1997

Fig. 10 Example of the stomach expansion on the virtualized human body
(by A. Kushida and J. Toriwaki, Nagoya Univ.)

Fig. 11 Superposition of the virtualized human body over thereal body(application of the augmented reality)
(by T. Dohi et al., Tokyo Univ.)
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Table 1 Features of the virtualized endoscope system
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Fig. 12 Example of the 3D atlas basing upon the virtualized human body
(by K. H. Hoehne, Hamburg Univ., Germany)
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Computer Aided Diagnosis And Treatment

with Recognition And Generation of | mages
Jun-ichiro TORIWAKI*

*Department of Information Engineering, Graduate School of Engineering, Nagoya University

Abstract Inthisarticle the present state of medical image processing is introduced with the stress on two fields - diagnostic aids using image
pattern recognition/understanding and aids in treatment using recognition and generation of images. Mgjor topic in thefirst field is computer aided
diagnosis of X-ray images in the screening of cancer. The main goal here is “marking”, giving a mark on suspicious shadowsin agiven film.
Processing of mammograms isin the most advanced stage. The most important theme in the studies of next generation screening system is the use of
chest CT for detection of very early stage of lung cancer. In the latter half of the article, the concept of the virtualized human body and its application
to diagnosis and treatment are presented. To search or explore the virtualized body moving around freely inside it is considered as diagnosis, and we
call it the navigation diagnosis. As an example, the virtual endoscope system is introduced. Simulation of surgical operation ( pre-operative aids ) and
the augmented reality for intra-operative aids are explained briefly.
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