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“TyPRMERRTOY VDSERRICESEEIE HoughZHR7I)LT ) XLAMRHT DIRE”
IR, R, A b B4R, BLK D E%4ER. Vol.119-D, No.1, pp58-66 (1999)

Line detection using Hough transform is one of the robust image processing methods for noisy image. But Hough
transform has a problem whose computation cost is very large. In order to ease this problem, many high-speed
algorithms were proposed.

Xu and Oja proposed RHT (Randomized Hough Transform) which reduces the computation cost by selecting the
pair of the edge points at random. On the other hand, D. Ben-Tzvi and M. B. Sandler proposed CHT
(Combinatorial Hough Transform) which reduces by dividing the image to some blocks and by limiting the
combination of the pairs of the edge points in these blocks.

In this paper, we propose a new high-speed algorithm called MRHT (Multiply Randomized Hough Transform)
which combines randomized edge point selection process on RHT and block division process on CHT. MRHT
has two randomized selection processes. First process is randomized selection from the divided blocks at random.
In second process, MRHT selects the pair of the edge points at random in the selected block in the previous
selection. Thus, MRHT has multiply randomized selection process in two steps.

In CHT algorithm, we have to make the sacrifice of the quality of the detected lines, because we divide the image
to many blocks to reduce the computation cost. Experimental and theoretical considerations revealed that MRHT
becomes faster than CHT even in a low division rate, and that MRHT can provide almost the same quality of the
detected lines 56 times faster than RHT.

- [EBR R

“Proposal of High-speed Hough Transform Algrithm MRHT ”

K. Kato, T. Endo, K. Murakami, T. Toriu, H. Koshimizu: Proc. QCAV'99, pp.311-316 (1999.6)

Hough transform is very useful algorithm for pattern recognition, especially for line detection. Therefore,
nowadays, this algorithm is applied for many application fields of image processing. But memory cost and
computation cost problem were always inevitable. Thus, many high-speed or high performance algorithms had
been proposed. In this paper, we propose a new high-speed Hough transform algorithm MRHT (Multiply
Randomized Hough Transform).

Xu and Oja proposed RHT (Randomized Hough Transform) which reduces the computation cost by selecting the
pair of the edge points at random.

On the other hand, D. Ben-Tzvi and M. B. Sandler proposed CHT (Combinatorial Hough Transform) which
reduces the computation by dividing the image to some blocks and by limiting the combination of the pairs of the
edge points in these blocks.

Our MRHT algorithm is basically constructed by combining randomized edge point selection process of RHT and
block division process of CHT. Therefore, this MRHT has two randomized selection processes. First process is
randomized selection of a block from the divided blocks at random. In second process, MRHT selects the pair of
the edge points at random from the selected block in the previous selection. Thus, MRHT has multiply
randomized selection processes in two serial steps.
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“4 RoTHHEEmOMEZ A 3 RITEXRESR IS T 2 BHE MR ED—F&”

SEESE. EARIBM, BRI —. BinM—E8 | T BHREESmCEE(D -, J83-D-II, 1., pp.126-
136 (Jan. 2000)
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“Tyomo 4 LR EHoughZMRVHT DME & ZDIsA”

DR, EEE. A B, B4, BLK D EEZEER. Vol.120-C, No.12, pp.1978-1987 (2000.12)

Line detection using Hough transform is one of the robust image processing methods for noisy image. But Hough
transform has a problem that the computation cost is very large. In order to ease this problem, many high-speed
algorithms were proposed.

Xu and Oja proposed RHT (Randomized Hough Transform) which reduces the computation cost by selecting the
pair of the edge points at random. Independently, Kiryati proposed probabilistic Hough transform (PHT) to
reduce the computation cost by voting a part of the edge points in the image to the parameter space.

We proposed a new high-speed algorithm called RVHT (Randomized Voting Hough Transform) which combines
RHT and PHT. And we dis-cussed experimentally and theoretically about the computation cost and the
performance of RVHT by comparing with the specially regulated RHT and the original RHT. Since the proof that
RVHT is faster than RHT did not completed, we present the complete proof in this paper.

And we discuss the detailed properties of the algorithm of RVHT combined the edge deletion methods, the edge
selection methods and the parameter space initialization methods. We show the differences between these
combinations in the experiments of RVHT line detection. The best result of RVHT is 14 times faster than RHT.
We applied this RVHT to detect circles from the microscopic image of salad dressing for the taste quality control.
We got the feasible results by using the algorithm of RVHT with over 3 times faster than algorithm using the
normal Hough transform. And we will be able to use the Hough transform circle detection to the practical
applications.

“Proposal of High-Speed HoughTransform Algorithm MRHT

K. Kato, T. Endo, K. Murakami, T. Toriu, H. Koshimizu: Proc. ACCV 2000, pp. 341-346 (2000.1)

In this paper, we propose a new high-speed algorithm called MRHT (Multiply Randomized Hough Transform)
which combines randomized edge point selection process on RHT and block division process on CHT. MRHT
has two randomized selection processes. First process is randomized selection of a block from the divided blocks
at random. In the second process, MRHT selects the pair of the edge points at random in the selected block by the
previous process. Thus, MRHT has multiply randomized selection processes.

In CHT algorithm, we have to be suffered from the degradation of the quality of the detected lines, because we
divide the image to many blocks to reduce the computation cost. Experimental and theoretical considerations
revealed that MRHT becomes faster than CHT even in a low division rate, and that MRHT is 18 times faster than
RHT.

“Line SegmentDetection by High performance Digital Template Hough Transform DTHT ”

S. Li, J. Hayashi, M. Tominaga, K. Kato, K. Murakami, H. Koshimizu: Proc. of MVA 2000, pp.254-257
(2000.11)

DTHT Hough transform algorithm was proposed to detect directly a set of line segments from the noisy binary
images. Since the parameter space of DTHT is 4-dimensional and the computation cost is high, a few
improvements to reduce the cost were introduced.
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Perceptual Segmentations with Illusory Stratification in Silhouettes

FAEVESE, JIREY Kiyomi Ishiharaf and Nobuo Kawabata

MBIEH A 7 1 THEFEVol. 53, No. 7, pp. 1026 ~ 1032 (1999)

Abstract: Perceptual segmentations with illusory stratification were studied by using silhouettes with competitive
perceptual segmentations. One of the conditions for perceptual segmentations and boundary conditions for
competitive segmentations in stratification was made clear. For part of a figure to be segmented as a frontal part,
the figure must contain edges facing each other or connecting smoothly to each other. The relative length of the
illusory contours, perceived in competitive segmentations, determined which segment was perceived as the
frontal part. The apparent length of the illusory contour was affected by the existence of parallel illusory contours
and by the orientation of the parallel lines constituting a stimulation pattern. The perception of the competitive
perceptual segmentations was balanced when the length of the parallel illusory contours was 4/5 of the length of

the illusory contours perpendicular to each other.
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JIITy FORIFESEHICE T HFRIEE —FERORMEERIEENLS ICRESNTVEH—

The Frontal and Rear Regions in Perceptual Segmentation of Silhouettes
-How is ""before and behind'' relation of regions decided -

Wi, BiRSs, NG5S Tochizawa Takayuki, Aral Tomomin and Kawabata Nobuo

MBS 2 7 1 TEEREVol. 55, No. 10, pp. 1367~ 1373 (2001)

HoFEL I VLTy FORIEAHEICEN T, FRICAIE S8 & E53 A S X M TRIENCAIRE 2D
I XD, AT, Z2OXS BTHI L BROBRAED LS ITHE SN TS 2R FERIZKD
PRz, ZOFRR. FEICET BATRBIRIZ. SHEIICK > THEU 28EHENIRIOR & W ICBI/R L. $511
MHRER DR E HHER NI SEA ST e LTRIR SND 2 &, F, ORI & 2 #5nfns

DERDE S EOFLEIZ, FIEICH T 28HNRTOR IS 2 MEL LT EN TS e a4 5
MIZL7z,

“HEFIBIER IS L HEEMRIDEE)T 7 )X

WsF—f8, AH &, BRIH—  JBOFE2EE, 15,0 3. pp.137-145 (Mar. 2001)

[#'5] This paper presents a new deformation technique of road networks developed for automated generation
of rough guide maps as seen in advertisements or leaflets. For the same deformation problem, we have already
proposed a technique which sequentially transforms each road segment. However, this sequential technique has a
problem that it sometimes greatly changes distances between crossing points. The technique newly developed
here can straighten each road segment and quantamize its direction iteratively and in parallel. Consequently it can
deform road networks without great change of distances between crossing points. In the new transformation,
every edge point of road segments is iteratively and in parallel moved by using a resultant of four types of forces.
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Each force is generated by the corresponding potential function placed on the road segment. In experiments using
real maps, the results of the new technique were evaluated quantitatively with some criteria; the degree of
straightness, change of relative distances between crossing points and so on, and were compared with those of the
old one. Also, those results were evaluated by humans. As a result, it was shown that the new deformatin
technique proposed here can stably transform maps reducing change of relative distances between crossing points
in comparison with the old one.

“Z M= MR OERICE D BRBOBREFE”

thsF—f, AH Z. RAM—  EFEBEEF WM GED-ID). J84-D-I1. 9, pp.2058-2069 (Sep.
2001)

[HE] KWL TR JBER/SY 7Ly FASIZLEUISHEDN S EENAOIKEIE (57 + )L X)) %4
Y B 720 DH LWERETE THEERE T 5. [ CERZEFOREISN LT, FE O IEHREN (T y V) DK
AL D& FAC & RAGIFIANAT 2 5 FiEETTIHBE L TS, LA LERTETIR, ATy Y
HETT OIS0, KEMICORICRFAZEBERMIOND LIRS ah 57z, 2T TALTIE, TyP
TiEES, A= GED) ZEARICLH LOBIIRATEFHEERET S, ZZ2TOX MY — LT
EARRICEA STy VDT L A0S, KFETIR, 9. ATERIMK 264X TOZ ) — b 42H
Bl 5. XIS, ZRENOZ MY — + & ZOFARHIROFEE TN DhD s 5 25T 5, Rk,
BZALY) - MIBENZTRNTOLY V&, 207 AR L THRD M- TER S5, EEOBKMIX
88 & HIWVFER T, BIRDIS%IZX LT, SIEHRE L=FHEOH BMERTFELD & RIF SR 4572,
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“Deformable Model % U =SB X ¥Rt 5 5 DIME SO E s FIE”

KR, WEARREM, RA)IME—. B8, #& 0 MEDICAL IMAGING TECHNOLOGY. 17.
5. pp.601-613 (Sep. 1999)

[H'g] AFxcid, MEHOKXDOZLERIISROHBIA S 3 & 2 b T3 i SUIE DR ESET D
EREHI 24T 5 72012, B8 X% 2 & KRS INE & BB 2 T OW GRS, 22 Tlid, SN
IROIARFEINE 2 2 &2 LT 2 720 DTk E LT, ZDWEFIZIRR G ES . 38358002 551F AL REH E i
% & L 7zDeformable model ##i 72IZIRE§ 5, F7-, MEHOK X RMEIZBT A BMOKRE AT 2
728, AT =V AN— Z BRI LA A58 A 43, Hih o Deformable model |2 IZAIEATZ L O 5 B 2% 8 b
AE. BLU, MHOETETO Ao Y — AN 5, ATNEZEZERONE XIS L, 2 Ofs5%E
7 & ARFNEDOARRY M 52 8 1 A 7§ 5.,

“AIEANY THEICE 2R ETIVERVE 3 RITEE X B C T &5 5 OFHEF 8 H
B3Rz, &K, RO —. BIM— | B EHOEE ¥ 2% CGGE(D-I), J83-D-1I, 1, pp.165-
174 (Jan. 2000)

[(HE] 3XTTHIER XA CT18 2 & OIS FEh 1 %, CTHEIEIZ & 2l AAS DR BB A7 5 L cEE A
PEEETH B, R DMEPFEISRIN I Tl T2 AWEE K USHERR I i U CIRE T A543, 2 h s EE T,
i = BB RIS RABAE C B LW BIEL S 5 72, KRl T XS SIS 5720, Ik
TN OB R IR IS DOV TGER S, BRMIZIE, M OmTFRE~Y TiificET ML L., 2
N%&T 7 4 YRR Active Contour ModellZ5:3 < BRI & > TE 4 DA SIEHL O G812 4 X
¥2, EFTNMERAWSZLIZLD, DX D BRI K NSO R4 BIFICHHIETX 2 2 & A
N5, FHETIR, AFEEEROIXITTMEBXMCTEBIHEM L, LD & 5 SRSy ET 2RI L
T RIS AL TE 32 L 2R,
“BRTEBEGDER I CE D HITRBOREELRENERBI Y 7 A CTHBADIGH”

&R, MIHREL. RBNM—. RARC, B#M—E., FHEME B FEREESEEHEE(D-ID.
J83-D-II, 1, pp.351-361 (Jan. 2000)

[EE] AGSCTIE3XTTEMEIEOETICE DO E e OIAERBEER FEIC D0WTGhRg, Zh
ETO3IRTTEREGEOBEFETIE, EHERIZEEINTOBHBDOERE ZDF FOH TERET> T



| EFEGBN /N~ F v LRI |

7zo LPLEBEDBSE, MBRETIHMWEHICK->TE, ZOEEOMRTHET S L0, FHEME ECREMNIZY)
Bl - BEBE L - IRRE TR 32 5 3 ke £ 2T, AWIZE TIE3RITER FE 1§12 & & B fiskdi AUk % 51 80 1
TIRARAICUIR - R 32 F IS DV TENS . BAMIZIE, 3XRITTEMEG & O EER IO L, 20
REL LR ER AP EER T 5. ZOEPRIEE 22— 924823 2 UBE OB L. SFikICERH
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L. Z%OIXITHE G A b BERGER AL - R275 2T, (WENERIEG 255, AFkE
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‘“Automated Anatomical Labeling of the Bronchial Branch and Its Application to the Virtual
Bronchoscopy System”

K. Mori, J. Hasegawa, Y. Suenaga and J. Toriwaki: IEEE Trans. Medical Imaging, 19, 2, pp.103-114 (Feb. 2000)
[#5] This paper describes a method for the automated anatomical labeling of the bronchial branch extracted
from a three-dimensional (3-D) chest X-ray CT image and its application to a virtual bronchoscopy system
(VBS). Automated anatomical labeling is necessary for implementing an advanced computer-aided diagnosis
system of 3-D medical images. This method performs the anatomical labeling of the bronchial branch using the
knowledge base of the bronchial branch name. The knowledge base holds information on the bronchial branch as
a set of rules for its anatomical labeling. A bronchus region is automatically extracted from a given 3-D CT image.
A tree structure representing the essential structure of the extracted bronchus is recognized from the bronchus
region. Anatomical labeling is performed by comparing this tree structure of the bronchus with the knowledge
base. As an application, we implemented the function to automatically present the anatomical names of the
branches that are shown in the currently rendered image in real time on the VBS. The result showed that the
method could segment about 57% of the branches from CT images and extracted a tree structure of about 91% in
branches in the segmented bronchus. The anatomical labeling method could assign the correct branch name to
about 93% of the branches in the extracted tree structure. Anatomical names were appropriately displayed in the
endoscopic view.

- [EIER 25

“A Method for Tracking Camera Motion of Real Endoscope by Using Virtual Endoscopy
System”

K. Mori, Y. Suenaga, J. Toriwaki, J. Hasegawa, K. Katada, H. Takabatake and H. Natori: Proc. SPIE Conference
on Physiology and Function from Multidimensional Images, Vol.3978, pp.122-133 (Feb. 2000) [San Diego,
USA]

[#E&] This paper proposes a method for tracking the camera motion of the real endoscope by using the virtual
endoscopy system. One of the most important advantages of the virtual endoscopy is that the virtual endoscopy
can visualize information of other organs that are existing under the wall of the target organ. If it is possible to
track the viewpoint and the view direction of real endoscopy (fiberscope) in the examination of the patient and to
display various information obtained by the virtual endoscopy onto the real endoscopic image, we construct a
very useful system for assisting examination. When a sequence of real endoscopic images is inputted, tracking is
performed by searching a sequence of viewpoints and view directions of virtual endoscope that correspond to
camera motions of the real endoscope. First we roughly specify initial viewpoints and view directions that
correspond to the first frame of the real endoscopic image. The method searches the best viewpoint and view
direction by calculating matching ratio between a generated virtual endoscopic image and a real endoscopic
image within the defined search area. Camera motion is also estimated by analyzing video images directly. We
have applied the proposed method to video images of real bronchoscopy and X-ray CT images. The result showed
that the method could track the camera motion of real endoscope.

“A Method of Interactive Specification of Interested Regions via a Volume Rendered Image with
Application to Virtualized Endoscope System”
K. Mori, Y. Higuchi, Y. Suenaga, J. Toriwaki, J. Hasegawa and K. Katada: Proc. SPIE Conference on Physiology

and Function from Multidimensional Images, Vol.3978, pp.134-145 (Feb. 2000) [San Diego, USA]
[#E] This paper proposes a method to specify interested regions including points, lines, surfaces and mass
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regions through a volume rendered image,directly and interactively, and its application to virtual endoscopy
system. Measurement function is one of the most important functions in the virtual endoscopy. We should specify
a target region on the virtual endoscopic image for measurements. It is hard to specify target regions on the organ
wall in a volume rendered image, since the organ is not explicitly segmented from an input image when observed
using the volume rendering. The proposed method enables the user to specify interested regions directly by
analyzing change of accumulated opacity along a casting ray. When the user specify a point on a volume rendered
image, we cast a ray that passes through a specified point of an image plane from a viewpoint. We considered the
position that has the highest accumulated opacity as the three-dimensional position of the specified point. Line
and surface regions are obtained by iterating the point specification method. A mass region is obtained by finding
the interval on the ray where the opacity is greater than zero. We have implemented those specifying methods to
our virtual endoscopy system. The result showed that we could specify points, lines, surfaces and mass regions on
volume rendered images.

“Extraction of Lung Region from 3D Chest X-ray CT Images by Using Shape Model
Information of Lung”

T. Kitasaka, K. Mori, Y. Suenaga, J. Toriwaki, T. Saito and J. Hasegawa: Proc. 11th Scandinavian Conference on
Image Analysis (SCIA'99), pp.841-848 (June 1999) [Greenland]

[#5] In this paper, we proposed a new method for lung region extraction from three dimensional (3D) chest
X-ray CT images using a shape model and the active contour model. There are a few researches about the lung
region extraction with the lung shape model. The previous methods often cause a defect region in the extraction
result of lung area. The proposed method solves this problem by using the shape information of the lung. Firstly,
we construct a shape model of the lung. The lung region is extracted by fitting the shape model into the lung
contained in an input image. The fitting is performed by employing an affine transformation and an active contour
model. We applied the proposed method to real 3D chest X-ray CT images and showed that the proposed method
could extract the lung area without defect regions.

‘“Automated Extraction of the Lung Area from 3D Chest X-ray CT Images Based upon the 3D
Shape Model Deformation”

T. Kitasaka, K. Mori, J. Hasegawa and J. Toriwaki: H.U. Lemke, M.W. Vannier, K. Inamura and A.G. Farman
(eds.): CARS'99 Computer Assisted Radiology and Surgery (Proc. 13th International Congress and Exhibition,
Paris, June 1999), Excerpta Medica ICS 1191, ELSEVIER, pp.194-198 (1999)

[#'5] We already have developed a new method for extracting the lung region from a 3-D chest X-ray CT
image. This method extracts the lung region by using the shape model of the lung for preventing generation of a
defect area in the esult of the lung area extraction. This paper briefly shows the procedure of this extraction
method and discuss the ffectiveness of the proposed method by a number of cases. A few of the processed results
are presented in this report. All the result including them showed that the proposed method can extract the lung
area without defect egions.

“Virtualized Stomach and Its Deformation”

K. Ebuchi, Y. Mekada, J. Hasegawa, M. Kasuga and S. Nawano: International Archives of Photogrammetry and
Remote Sensing, Vol. XXXII, Part 5-3W12, pp.121-127, Onuma (Oct. 1999) [Onuma]

[#'5] 1In this paper, we propose a virtual stomach wall model and how to deform it. It will be the sufficient
simulator of double contrast radiography for radiologists who are not familiar to this radiography. Following
sections, we introduce the 3D snakes-like virtual stomach model. We show how the virtual stomach model is
constructed and what force factors are taken into consideration. An application of virtual stomach model are
mentioned. It concludes our models may be sufficiently good simulator for stomach X-ray radiorogists.

“Extension of Virtual Bronchoscopy System as a Teaching Tool”’

K. Mori, S. Yamazaki, J. Hasegawa, J. Toriwaki, Y. Suenaga, K. Katada and H. Natori: H.U. Lemke, M.W.
Vannier, K. Inamura and A.G. Farman (eds.): CARS'99 Computer Assisted Radiology and Surgery (Proc. 13th
International Congress and Exhibition, Paris, June 1999), Excerpta Medica ICS 1191, ELSEVIER, pp.166-170

(1999)
[#'5] This paper describes extension of the Virtual Bronchoscopy System (VBS) as a teaching tool for medical
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students. VBS is a new observation tool of 3-D medical images, which is applicable for a variety of purposes such
as diagnosis, surgical planning, informed consent, education and training. This paper shows extended functions
of the VBS for an educational use by using a result of automated anatomical labeling. We provide four functions
in the VBS : (a) automated display of the branch name in the real time navigation inside the bronchus, (b)
automated display of questions about the branch name at the branching point, (c) display the path which the user
should follow, and (d) display questions about the place of the artificially created tumors in the bronchus. These
functions use the processed result of automated anatomical labeling that the authors have developed. Medical
student can learn the tree structure of the bronchus by using these functions in the VBS. We utilized the system in
areal course of the forth grade in a medical university in Japan, and we confirmed that the system could correctly
generate questions about branch names, and could display them on the virtual endoscopic view automatically.
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[#5] This paper proposes a concept of a new tool for observing 3-D medical images as a kind of the computer
aided diagnosis of medical images and shows an example of the implementation. In the recent years 3-D medical
images have become indispensable in the real clinical field. Since these images consist of a lot of 2-D slices,
development of a new diagnosis method is strongly expected for reducing doctors’ load. In particular it is
necessary to develop a tool which assists observation of 3-D medical images. The goal of this paper is to realize
a system which can provide a seamless observation environment of 2-D and 3-D medical images by using the 3-
D graphics hardware. The proposed system can seamlessly visualize a 3-D medical image by a variety of
observation methods such as slice display, 3-D maximum intensity projection, and 3-D volume rendering in real
time and without any stress of use. ‘Seamless’ means here that a user can observe and manipulate 2-D and 3-
D images without worrying about their dimensionality. The user can specify the region of interest on both 2-D and
3-D images in the same way. The interested region specified by a user on a 2-D (or 3-D) image is immediately
presented on the other 3-D (or 2-D) images. This operation is executed very quickly and the user can treat 2-D and
3-D display of input image seamlessly. The prposed system enables us to perform ‘efficient observation of
multiple slices’ and ‘easy understanding of the 3-D shape of organs’ . We implemented the proposed system
on the graphics workstation (SGI Octane MXE). The result showed that the user could efficiently find and analyze
a suspicious region in a 3-D medical image.
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“Tracking of Camera Motion of Real Endoscope by Using the Virtual Endoscopy System”

K. Mori, Y. Suenaga, J. Toriwaki, J. Hasegawa, K. Katada, H. Natori and H. Takabatake: H.U. Lemke, M.W.
Vannier, K. Inamura, A.G. Farman and K. Doi (eds.): CARS 2000 Computer Assisted Radiology and Surgery
(Proc. 14th International Congress and Exhibition, San Francisco, June 2000), Excerpta Medica ICS 1214,
ELSEVIER, pp.85-90 (2000)

[EE] This paper proposes a method for tracking the camera motion of a real endoscope by using a virtual
endoscopy system. When a sequence of real endoscopic images is inputted, tracking is performed by searching a
sequence of viewpoints and view directions of the virtual endoscope that correspond to the camera motions of the
real endoscope. The method searches for the best viewpoint and view direction by calculating similarity between
generated virtual endoscopic images and real endoscopic images. Camera motion is also estimated by directly
analyzing video images. We have applied the proposed method to video images of actual bronchoscopy and X-
ray CT images. The results showed that the method could track the camera motion of a real endoscope.

“A Method for Specifying Three Dimensional Interested Regions on Volume Rendered Images
and Its Evaluation for Virtual Endoscopy System”

T. Saito, K. Mori, Y. Suenaga, J. Hasegawa, J. Toriwaki and K. Katada: H.U. Lemke, M.W. Vannier, K. Inamura,
A.G. Farman and K. Doi (eds.): CARS 2000 Computer Assisted Radiology and Surgery (Proc. 14th International
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Congress and Exhibition, San Francisco, June 2000), Excerpta Medica ICS 1214, ELSEVIER, pp-91-96 (2000)
[#'5] This paper proposes a method to interactively specify interested regions including points, lines, surfaces,
and mass regions through a volume rendered image, and its application to virtual endoscopy system. The
proposed method enables the user to input three-dimensional regions of interest interactively by analyzing change
of accumulated opacity values along a casting ray. We regarded the point that has the highest accumulated opacity
on a ray as the three-dimensional position of the specified point.

“Camera Motion Estimation Based on Real Endoscope Images and CT Images for Endoscope
Navigation System”

J. Sugiyama, H. Shoji, K. Mori, Y. Suenaga, J. Toriwaki and J. Hasegawa: Proc. IAPR Workshop on Machine
Vision Applications (MVA2000), pp.409-412 (Nov. 2000) [Tokyo]

[#1/] This paper describes a method for camera motion estimation based on real endoscope images and CT
images for an endoscope navigation system. We have developed an endoscope navigation system that shows the
navigation information during an endoscope examination. In this system, we need to estimate the real endoscope
camera motion. Our method tracks the camera motion by using an image-based registration technique. We
applied the proposed method to the video images of the real bronchoscopy and 3-D X-ray CT images.
Experimental results showed that the ethod could track the camera motion corresponding to the real endoscope
correctly.

“A Feasibility Study on Computer Classification of Benign and Malignant Tumors in Lung
Cancer Diagnosis from Chest X-ray CT Images - The Case of Solid Type of Tumors -”

Y. Hirano, J. Hasegawa and J. Toriwaki: H.U. Lemke, M.W. Vannier, K. Inamura, A.G. Farman and K. Doi
(eds.): CARS 2000 Computer Assisted Radiology and Surgery (Proc. 14th International Congress and Exhibition,
San Francisco, June 2000), Excerpta Medica ICS 1214, ELSEVIER, pp.773-778 (2000)

[#'5] In this paper, we present the result of discriminating benign tumors from malignant tumors using a
feature which quantifies the similarity of tumor to sphere, and a feature which measures the clearness of the
peripheral region of tumor. Various methods have been proposed including the authors * methods for the
discrimination of begin and malignant tumors. But the ability of discrimination is not enough. In the clinical
diagnosis, medical doctors classify tumors into the solid type and the air-containing type before the discrimination
of benign from malignant tumors. Accordingly, we tried to introduce this two-class classification into computer
aided diagnosis using two features that we developed. We show by the experiment using real 3D chest X-ray CT
images that by doing this the performance of abnormality detection was improved significantly.
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“A Method for Automated Extraction of Stomach Fold Regions from Abdominal X-ray CT
Image and Its Application to Virtualized Stomachoscopy”

S. Watanabe, J. Hasegawa, K. Mori, Y. Mekada and S. Nawano: H.U. Lemke, M.W. Vannier, K. Inamura, A.G.
Farman and K. Doi (eds.): CARS 2001 Computer Assisted Radiology and Surgery (Proc. 15th International
Congress and Exhibition), Excerpta Medica ICS 1230, ELSEVIER, pp.3-8 (June 2001) [Berlin, Germany]
[#5] In this paper, a method for extraction and visualization of stomach fold regions from an adbominal X-ray
CT image is proposed. This methd can be used in a system for three dimensional (3D) diagnosis of stomach. In
extraction of folds region, the gray tophat operations, one of morphological operations, is employed. The
extracted results are visualezed on a virtualized stomachoscopy which has been developed by authors's group.
The fold regions is indicaled by overlapping them on the inner stmach wall by using the volume-rendering
technology. In the experiments using nine practical abdominal CT images taken from a multi-slice CT, it was
shown that the most of major fold regions could be extracted and abserved very clearly on virtualized
stomachscopic scenes.

“Extraction of Tumor Region Keeping Boundary Shape Information from Chest X-ray CT
Images and Benign/malignant Discrimination”

Y. Hirano, J. Hasegawa, J. Toriwaki, H. Ohmatsu and K. Eguchi: H.U. Lemke, M.W. Vannier, K. Inamura, A.G.
Farman and K. Doi (eds.): CARS 2001 Computer Assisted Radiology and Surgery (Proc. 15th International
Congress and Exhibition), Excerpta Medica ICS 1230, ELSEVIER, pp.617-622 (June 2001) [Berlin, Germany]
[#5] In this paper, we propose a new method to extract tumor regions from thin-slice chest X-ray CT images.
The tumor regions which are used for benign/malignant discrimination must keep boundary shape information as
exactly as possible, because the tumor regions specify the regions for which features are calculated. The proposed
method is based on the thresholding of CT values and distance. Since the change of CT values suggest the
existence of tumors, it is reasonable to use thresholding of CT values for extraction of tumor regions. We assume
that the position of tumors are known beforehand, because the thin-slice chest X-ray CT images are taken with the
view to be used in the close medical examination. We applied the method to seventy-eight practical CT images,
and sixty-seven tumors were extracted properly. Furthermore, the benign/malignant discrimination was carried
out suitably using the tumor regions extracted by the proposed method. The correct classification rate was
improved from 0.84 to 0.91. This shows the usefulness of the method developed here.

“Automated Extraction of the Aorta and the Pulmonary Artery in the Mediastinum from 3D
Chest X-ray CT Images Using the Medial Line Model”

T. Kitasaka, K. Mori, J. Hasegawa, J. Toriwaki and K. Katada: H.U. Lemke, M.W. Vannier, K. Inamura, A.G.
Farman and K. Doi (eds.): CARS 2001 Computer Assisted Radiology and Surgery (Proc. 15th International
Congress and Exhibition), Excerpta Medica ICS 1230, ELSEVIER, p.1112 (June 2001) [Berlin, Germany]

[#E] A computer aided diagnosis (CAD) system generally should equip the function for automated
segmentation of organs, because the locations of organs are almost fixed anatomically and recognition of them is
critically important for all kinds of diagnostic aid by computer. The aorta and the pulmonary artery (PA)are
examples of the main organs in a chest CT image and the extraction of them helps us to segment other main
organs from X-ray CT images. We use themedial line model of each artery to extract them separately. We
construct a medial line model of each artery beforehand which is commonly applied to the processing of all cases
and also make the distance image for the model matching. Edges of organs are often extracted by the simple
thresholding against the magnitude of the gradient. Since there may contain false edges, the thresholding against
the standard deviation of CT values is employed further to eliminate them. The distance image is obtained by
executing the Euclidean distance transformation to the non-edge area. Each pixel of the distance image gives the
minimum distance to the nearest edge. The medial line of each artery is extracted by matching the medial line
model to the distance image. The aorta and the PA area can be extracted by performing the inverse Euclidean
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distance transformation of the set of pixels on the medial line obtained above. We applied the proposed method
to seven real 3D chest X-ray CT images and confirmed that the aorta area was extracted for six cases
satisfactorily, while five cases had defect regions in the PA area.

“Visualization of Three-dimensional Stomach Shapes for Virtual Observation”

Y. Mekada, M. Kasuga, J. Hasegawa and S. Nawano : H.U. Lemke, M.W. Vannier, K. Inamura, A.G. Farman
and K. Doi (eds.): CARS 2001 Computer Assisted Radiology and Surgery (Proc. 15th International Congress and
Exhibition), Excerpta Medica ICS 1230, ELSEVIER, pp.421-424 (June 2001) [Berlin, Germany]

[#5] The double contrast radiography provides the detail information of stomach inner fold patterns that are
very important to diagnose stomach. Taking good quality of this radiograph is di.cult because radiologists have to
control many things during inspection time. We propose a virtualized stomach and its deformation method based
on the approximation of physical features around the stomach. We use both X-ray TV images and external
appearances of the subject while taking X-ray images to transform the shapes of virtualized stomach. Several
types of simulated results are presented.

“An Improved Method for Generating Virtual Stretched View of Stomach Based on Shape
Deformation”

K. Mori, Y. Hoshino, Y. Suenaga, J. Toriwaki, J. Hasegawa and K. Katada: H.U. Lemke, M.W. Vannier, K.
Inamura, A.G. Farman and K. Doi (eds.): CARS 2001 Computer Assisted Radiology and Surgery (Proc. 15th
International Congress and Exhibition), Excerpta Medica ICS 1230, ELSEVIER, pp.425-430 (June 2001) [Berlin,
Germany]

[#£%] In this paper, we describe an improved method for generating a virtual stretched image of the stomach
based on shape deformation. In observing large cavity organs, such as the stomach, a flattened view of the organs
would be very useful in diagnosis. The proposed method generates a virtual stretched image by deforming a 3-D
gray image. We generate a polygon model consisting of a set of triangular patches that approximates the global
shape of the stomach (approximating shape). An original 3-D image is deformed by using the corresponding
relationship between the cut and flattened shapes of the approximating shape. We can obtain a flattened view
(virtual pathological specimen) from the deformed image. The proposed method was applied to eight cases of 3-
D abdominal CT images. Experimental results showed that the roposed method can effectively generate a
flattened view of the organ.

““A Method for Specifying Unobserved Regions in Virtual Endoscopy System”

K. Mori, Y. Hayashi, J. Toriwaki, Y. Suenaga and J. Hasegawa: H.U. Lemke, M.W. Vannier, K. Inamura, A.G.
Farman and K. Doi (eds.): CARS 2001 Computer Assisted Radiology and Surgery (Proc. 15th International
Congress and Exhibition), Excerpta Medica ICS 1230, ELSEVIER, pp.431-436 (June 2001) [Berlin, Germany]
[#%5] This paper describes a method for specifying regions that a user did not observe during the fly-through
when using the virtual endoscopy system (VES) and presenting unobserved regions after finishing the
examination. When a doctor diagnoses with the VES, it is important to observe target organs without oversight
significant regions. Since it is hard task to observe all regions of the target organ in the fly-through, the user may
miss observing important regions such as small tumors. The proposed method tries to detect automatically
unobserved regions during the fly-through of the VES. After the navigation, the system presents unobserved
regions, and the user can confirm them. The method finds unobserved regions as a set of triangle patches that were
not displayed on the monitor when we use the surface rendering method in the VES. We detect a set of voxels not
rendered in the case of display by the volume rendering method. We applied the proposed method to colon and
bronchus regions extracted from X-ray CT images. The experimental results showed that our method could
display observed and unobserved regions satisfactorily.

“A Method for Tracking the Camera Motion of Real Endoscope by Epipolar Geometry Analysis
and Virtual Endoscopy System”

K. Mori, D. Deguchi, J. Hasegawa, Y. Suenaga, J. Toriwaki, H. Takabatake and H. Natori : W. Niessen and M.
Viergever (eds.): Medical Image Computing and Computer-Assisted Intervention -- MICCAI2001 (Proc.
MICCAI2001, Utrecht, The Netherlands, Oct. 2001), LNCS 2208, Springer, pp.1-8 (Oct. 2001) [Utrecht, The
Netherlands]
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[#5] This paper describes a method for tracking the camera motion of a real endoscope by epipolar geometry
analysis and image-based registration. In an endoscope navigation system, which provides navigation
information to a medical doctor during an endoscopic examination, tracking the camera motion of the endoscopic
camera is one of the fundamental functions. With a flexible endoscope, it is hard to directly sense the position of
the camera, since we cannot attach a positional sensor at the tip of the endoscope. The proposed method consists
of three parts: (1) calculation of corresponding point-pairs of two time-adjacent frames, (2) coarse estimation of
the camera motion by solving the epipolar equation, and (3) fine estimation by executing image-based registration
between real and virtual endoscopic views. In the method, virtual endoscopic views are obtained from X-ray CT
images of real endoscopic images of the same patient. To evaluate the method, we applied it a real endoscopic
video camera and X-ray CT images.The experimental results showed that the method could track the motion of
the camera satisfactorily.

“Automated Extraction of Aota and Pulmonary Artery in Mediastinum from 3D Chest X-ray
CT Images”

T. Kitasaka, K. Mori, J. Hasegawa, J. Toriwaki and K. Katada: Proc. SPIE Conference on Image Processing,
Vol.4684 (paper#:4684-172) (Feb. 2002) [San Diego, USA] (in printing)

[#5] This paper proposes a method for automated extraction of the aorta and pulmonary artery (PA)in the
mediastinum of the chest from uncontrasted chest X-ray CT images .Since the aorta and PA areas show low
intensity contrast in the mediastinum, it is difficult to extract those areas by a procedure based on CT values.
The proposed method employs a model fitting technique to use shape features of blood vessels for extraction.
First, edge voxels are detected based on the standard deviation of CT values. A likelihood image, which shows
the degree of “likelihood ” on medial axes of vessels, are calculated by applying the Euclidean distance
transformation to non-edge voxels. Second ,the medial axis of each vessel is obtained by fitting the model. This
is done by referring the likelihood image. Finally, the aorta and PA areas are recovered from the medial axes by
executing the reverse Euclidean distance ransformation. We applied the proposed method to seven cases of
uncontrasted chest X-ray CT images and evaluated the results by calculating the coincidence index computed
from the extracted regions and the regions manually traced. Experimental results showed that the extracted aorta
and the PA areas are more than 90 %and 80-90 % of coincidences, respectively
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“Group Motion Analysis in Team Sports™

T. Taki and J. Hasegawa: Proc. 4th Asian Conference on Computer Vision (ACCV 2000), Vol.II, pp.693-698
(Jan. 2000) [Taipei, Taiwan]
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[EE] The purpose of this paper is to recognize the states of the group behavior from motion pictures where
some groups move around cooperatively or competitively each other. We are especially concerned here with ball
games in team sports. In our approach, the changes of spatial feature taken place by each individual's movement
are used. The feature is called "dominant region" which is a kind of sphere of influence. The dominant region is
defined as a region in where the person can arrive earlier than any other persons and can be formulated as Voronoi
region extended by replacing the distance function with a time function. As an application, we present a motion
analysis system of team ball games using dominant region. The purpose of this system is to evaluate the teamwork
quantitatively based on movement of all the players in the game. From experiments using motion pictures of
actual soccer and handball games, it is suggested that the proposed feature is useful for measurement and
recognition of group behavior in team sports. The basic idea using dominant region may be applicable to other
team sports games.

“Visualization of Dominant Region in Team Games and Its Application to Teamwork Analysis”

T. Taki and J. Hasegawa . Proc. Computer Graphics International 2000 (CGI 2000), pp.227-235 (June 2000)
[Geneva, Switzerland]

[#%] In this paper, we present a method for visualization of an invisible feature in human group motion. This
feature called "dominant region" is a kind of dynamic sphere of influence. A dominant region is defined as a
region in where the person can arrive earlier than any other persons and can be formulated by replacing the
distance function in the Voronoi region with a time function. As an application of the dominant region, a motion
analysis system of team ball games was developed. In this system, the dominant region is used for quantitative
evaluation of basic teamwork. From the experiments using actual soccer game scenes, it was shown that inferior
or superior areas for each player and each team in the game can be observed visually and that some basic factor
for teamwork can be evaluated quantitatively by using the dominant region. These evaluation results almost
corresponded with those by some professionals.

“Quantitative Measurement of Teamworks in Ball Games Using Dominant Region”’

T. Taki and J. Hasegawa: International Archives of Photogrammetry and Remote Sensing, Vol . XXXIII,
Supplement BS5, pp.125-131, Amsterdam (July 2000) [Amsterdam, The Netherlands]

[#'5] This paper proposes a basic feature for quantitative measurement and evaluation of group motion in team
sports. This feature called "dominant region" is a sphere of influence of each player or each team (the space where
the player or the team is superior to others). Basic teamwork in ball games such as cooperative movement, space
making and ball passing by players can be evaluated quantitatively by using dominant regions and their time
variation. In the paper, the dominant region is applied to two different ball games; soccer games and handball
games, in order to verify its applicability. How to use the dominant region in calculation of some basic teamwork
is presented. From the experiments using actual games scenes, it is shown that the dominant region can be
commonly used to quantitatively evaluate inferiority or superiority of teamwork in both soccer and handball
games.

2001

“Selection of Tactical Group Motion Scenes from Sports Game Video Using Dominant Region”

T. Taki, Y. Yamanaka, K. Kawamura and J. Hasegawa: Proc. International Workshop on Pattern Recognition and
Understanding for Visual Information Media 2002 (in cooperation with ACCV 2002), pp.15-20 (Jan. 2002)
[Melbourne, Australia]

[#5] Animportant task in sports game analysis using video is to select only tactically meaningful scene from
a large volume of video frames. From our preliminary experiment, it was found that dynamic spheres of influence
called Dominant Regions of players formed by their group motion could be used to quantitatively evaluate
teamwork in the game. In this paper, a method for selecting scenes with tactical group motion from game video
using Dominant Region is presented with some experimental results.
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“Automatic Acquisition of Image Processing Procedures from Sample Sets of Classified Images
Based on Requirement of Misclassification Rate”

T. Hamada, A. Shimizu, T. Saito, J. Hasegawa and J. Toriwaki: S. Arikawa and K. Furukawa (eds.): Discovery
Science (Proc. 2nd International Conference, DS'99, Tokyo, Dec. 1999), LNATI 1721, Springer, pp.323-325
(1999)

[#H] As an image processing procedure which can extract a common feature from each of images belonging
to the same class is considered to represent knowledge about the feature, automatic acquisition of the procedure
is a kind of knowledge discovery process. A lot of expert systems have been proposed, including our system
called IMPRESSAcite {IMPRESS}, for automatic generation of image processing procedures. Those systems
can generate procedures that extract the shape of figures as precisely as possible. However, in application fields
such as industry and medicine, it is often needed to produce procedures which meet the demand about
misclassification rate per image. In this paper, we propose a new expert system called IMPRESS-Pro(IMPRESS
based on Probabilistic model) to utomatically construct a procedure from sample sets of classified images based
on requirement of misclassification rate given by a user.
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b= {111

“ 3 RITE{GUNIE T & X/8N— 2 25 L 3D-IMPRESS & 3D-IMPRESS-Pro (25 2 FIB#E K O
AE 5T ”

JE s, EHBEA. EARES, BRI BI—ER ¢ 2V € o — 2 TEEG SR 280G
pp-1-9 (June 2000)

[HE] FEELRINFT, V21— 2ITK33 RICHEBEOFHHIEY 2T LOBRELET 572912, 3
RICHAR LI TE % E ik 45 % 25— + ¥ 2 F 4. 3D-IMPRESS & 3D-IMPRESS-Pro D[ ¥& % T
Elze TD2DODY AT LTIRZNENFNER D H A E 4 1), 3D-IMPRESS (3 H X O R Tl kS
3D-IMPRESS-Pro (3 H X O E OB HFEE 2 EHR LT b, R TE, iy 27 L1250 5 TNERE,
IRF DR R DM D <R FIED B D RIZOWTHET 5, BARIiE, FEERICHy 27 244
W 3 RICHES CT 182 6 IR 2 Ml 4 2 FIEA BEIRER L, BR S h- TIEOPERE & TS JBE - 31
fili U755 RICOWTHE T 3,

“ERYUBERGICEDCEGLEFIEOBHERO—FEEBEGRELI X X/)X— 2 2T 4
IMPRESS-Pro”

VEMBBGA, TR, RENM—. BN —B © SRS S5 CEE. 41, 7. pp.1937-1947 (July 2000)

[FE] KHrcid, WHERICEEORIEAE TN TNEH1E S &2 HE T AU TIEA, 2—5D5. %
caFIEZRICB T A5 AW -3 KO ICHEIER 25— Fik L. Zha Ol DOEf{EAE o 28— b &
27 AIMPRESS-Pro 28X 3%, 2OV AT A, 61 CDEAERNETILITY) XLRIST X — 2 BRED
WP RAN % TR L. Z AR T 2 &5 AT 2 B B O 5k 70 6 HERE X - BSRREIE 123DV OB R I
ICHRET S, AXTIE, OV AT L%LSI Sy r— V& _EOKKaH TFNED 5 BRI IS5E U 724
RERU, VAT LD ERFIZONTER T 5,

EGEEHFIEOE BIER DD DRAGH > AT LOEERETIVICET 2 —E%”
FEEGA, TR, FREESC, RN —. BIs— . ATHBEES5E, 15, 5. pp.887-895 (Sep.
2000)
[#25] In this paper we propose a probabilistic model and an expert system which constructs image processing
procedures to detect specific figures automatically based on the model. An image processing procedure is
constructed when user inputs a set of pictures consisting of normal samples and abnormal samples with sketches

s, 4, 2,

ﬂﬂ H

corresponding to abnormal areas and also inputs requirements on misclassification rate. We consider the image
processing procedure as a kind of description of knowledge which a user acquires from experience. We also show
experimental results of applying the expert system to a real world problem.

- [EIBR 2%

“Automated Construction of Image Processing Procedure Based on Misclassification
Condition”

T. Hamada, A. Shimizu, J. Hasegawa and J. Toriwaki: Proc. 15th International Conference on Pattern
Recognition (ICPR2000), Vol.2, pp.430-433 (Sep. 2000) [Barcelona, Spain]
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[#5] This paper proposes a new expert system IMPRESS-Pro that automatically constructs an image
processing procedure to decide whether there exists a specific figure in an image or not based on the requirement
of misclassification rates given by a user. This system has a sequence of several local processes whose algorithms
and parameters are unfixed and decides them sequentially in accordance with condition for each local process
performance estimated from the requirement on misclassification rates. This paper also shows experimental
results of applying this system to procedure generation problems for extracting defective parts on the surface of
integrated circuit packages with promising results.

“Comparative Study of Automatic Acquisition Methods of Image Processing Procedures”

T. Hamada, A. Shimizu, T. Saito, J. Hasegawa and J. Toriwaki: S. Arikawa and S. Morishita (eds.): Discovery
Science (Proc. 3rd International Conference, DS 2000, Kyoto, Dec. 2000), LNAI 1967, Springer, pp.311-314
(2000)

[#E] Two image processing expert systems, IMPRESS[1] and IMPRESS-Pro[2] have already been developed
by our research group. These systems automatically generate image processing procedures from sample pairs of
an image and a sketch representing an object to be extracted from it. Automatic acquisition of the image
processing procedure is a kind of knowledge discovery process, because an image processing procedure which
can extract a figure like the given sketch from the image can be regarded as a representation of knowledge about
the object in the image. In this paper, we examine above two expert systems comparatively from the knowledge
discovery viewpoint.

2001

- WF 2R~

“EHRLIE T X X/N— b AT LIMPRESS (5T 2 D B OREHERH S OF BB (RS B4%51”
EHEEL, EARBEMEH, BRI —, Blsi—E | BT EERE 25 GGE(D-ID, J84-D-II, 9, pp.2029-
2039 (Sep. 2001)

[#5] IMPRESSIZ, WHOHM X (v TLREEESR) TIRRT S &, FHEi{E 6 2 OXIE &
9% 7= O OE S FNE A2 BB R T D EEAB T F 28— sV AT A TH D, 720 IhETIS, FHl
By ILREOM FEALIES) HEEMAT ShBAIL, ZhoDFNTUZEE LT < —D2DFIE
AT B FNEERFRE SR L7z, L L, DEOBREHEARD & HER 21T - 728 A O FMEOA R I 2 E
Moz, BRINICIE, B S N-FIEEEAROBENNET U 72RO MRS, BREHMEAR I T 26L& D
KELETTEHARD 572, £ TR T, EEHEARITH 2 F I O RFE R I 233 5 S 5El
57 5 DOFNAEMERINAMEE L, 23U EDOTFIERROFH 2 RE T2 2 12k, DA S LI
DB NFNEE KD 5 HEARET S, 72, AL TIE, ZOFEEFEBEOLSD Sy 7 — VFKif_EOKGH
Y FNED B BRI EF U, fERDER L L IR T 5 Z & TREOEMEIZDONTEERT 5,
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“On the Detection of Feature Points of 3D Facial Image and Its Application to 3D Facial
Caricature”

Takayuki Fujiwara, Takeshi Nishihara, Masafumi Tominaga, Kunihito Kato, Kazuhito Murakami and Hiroyasu
Koshimizu Proc. of 3DIM'99, pp. 490-496 (Canada) (1999.10)

This paper proposed a full-automatic method for extracting facial features form 3D facial image. It was clarified
that around 40 feature points were sufficient to represent the surface model of the 3D face and to generate a 3D
facial caricature.

On KANSEI Facial Image Processing For Computerized Facial Caricaturing System PICASSO
H.Koshimizu,M.Tominaga,K.Murakami : Proc.SMC99 (Oct.1999)
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PICASSO system for facial caricaturing is a typical KANSEI vision system in the following senses:that it can
process 2D, 3D, and motion facial images to generate facial sketch of line drawings, that it can extract the
individuality features by introducing "mean face" for enforcing the visual KANSEI impressions by which the face
looks more likely to be so, and that it can evaluate the generated facial caricature to be moderate for the individual
visual KANSEI characteristics basing on the model of visual illusion.

In this paper, image processing methods for generating facial sketch based on Hough transform, the principles to
generate facial caricature and to evaluate the generated works are explained precisely together with the
demonstrations of experimental results. In order to equip the PICASSO system for the feedback loop from the
observer, we have currently introduced the eye-camera system. This equipment is expected to provide a new
method to extract the simultaneous individual eye-mark patterns where in the face the observer is watching. In
this paper, these preliminary experiments are also presented to show the possibility to extract more tightly
individual KANSETI visual information.

2000
- WF7Eam L

HoughZ# & K-LER % £ & BV - ERERAEEE DR & — BIEEIGER © X 7 LPICASSO DEEA S
HEBEMEEZBIEEL T—

ERRFL, SR, (HE, BURCKH, R A, B4R, A ERIA @ BRFEEHGE (). Vol.121-C,
No.2. pp.342-349 (2001.2)

The authors propose a method, applied to automatic facial caricaturing, for extracting faces and facial parts from
a grayscale image; an outline of the method and experimental results are presented in this paper. The irises of the
eyes were first extracted using a Hough transformation for circles. Based on the location of the extracted irises,
the eyebrows, nose, and mouth were extracted by a simple method based on the profile. An experiment using 96
grayscale facial images showed recognition rates of at least 95%. To extract the shapes of the facial parts, a
generalized Hough transformation was applied to the edge patterns in the respective facial parts' regions. The
parameter space of this Hough transformation was characterized by the dominant coefficients of the K-L
expansion applied to the sampled data of the facial part. An experiment attempting extraction of the eye boundary
was performed, and it was confirmed that the eye boundaries can be successfully extracted with a limited number
of boundary feature points.

- fEEtER L

AT &P T PEER—PEEE I E1—% [PICASSO] DI L—., BEF¥S v—FIL (AE
REEZE VYA IT71%25E). Vol.3, No.2, pp12-19(Feb.2000)

IV 2 — 2K BPEREE R ORA AT Uy BB, RS A H 2D X5 2R 2 b & 5 52 2 g L o
n (RHIRE) ORENZONTERE Lz,

[A2E 1—42—{IEE#SRT

HHIESE - b > TEF LAREORPT, pp.171-184, #E#ktL (2000451 H)

FHCTH IR FROBMIZE S, LHF [T €2 — 2 RPEERAR (ST, SEEOE DB 55
ZERATNS,

RE [

KANSEI Facial Caricaturing based on the Eye-Camera Interface from Gallery

Masafumi Tominaga, Tomokazu Asao, Kazuhito Murakami and Hiroyasu Koshimizu, 2000 IEEE International
Conference on Industrial Electronics, Control and Instrumentation TECON-2000), pp.307-312, 2000.10.25
Facial caricaturing is a representation process of human visual impression onto a paper or other media. We have
proposed a typical KANSEI machine vision system to generate the facial caricature so far. This system is called
PICASSO.
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Facial caricaturing process should be investigated and modeled from multiple viewpoints of three relations
among the model, the caricaturist and the gallery. Furthermore, some kinds of interactive mechanism should be
installed in order especially to implement the relation between PICASSO and gallery.

In this paper, we propose a dynamic caricaturing system by using KANSEI visual information acquired from the
Eye-camera mounted on the head of gallery. This system analyzes the eye-mark patterns from the Eye-camera and
extracts the measures for the fixation and saccade of this gallery. Therefore, this system could make the caricature
more suitable for the gallery by utilizing his own KANSEI visual information.

“Generating Facial Images Eye-contacting with Partner on the TV Conference Environment”

Tsuyoshi Yamaguchi, Masafumi Tominaga, Hiroyasu Koshimizu, Kazuto Murakami; Proc. of FCV2002, pp132,
(2000.1)

Basing on the recognition of irises from the gray facial images, this paper proposed a method for generating a
facial image of which eye glance can be controlled to be eye-contacting to the partner on the TV conference
environment. Experimentally we demonstrated this system can provide a better human interface.

Dynamic facial caricaturing system based on the gaze direction of gallery

K.Murakami, M.Tominaga, and H.Koshimizu: Proc.FG2000(4th International Conference on Automatic Face
and Gesture Recognition),(Mar.2000)(Greboble)

Facial caricaturing is a representation process of human visual impression onto a paper or other media. Facial
caricaturing should be discussed from multiple viewpoints of three relations among the model, the caricaturist and
the gallery. Furthermore, some kinds of interactive mechanism should be required between the caricaturist and the
gallery.

In this paper, we propose a dynamic caricaturing system. In our system, the utilization of in-betweening method
realizes the generation mechanism from the caricaturist to the gallery, and on the contrary, the utilization of eye-
camera vision realizes the feedback mechanism from the gallery to the caricaturist. This is an original and unique
point of our system. The gallery mounts an eye-camera on the head, and the system reflects visual characteristics
of the gallery directly onto the works of facial caricature. After observing the image of the model and analyzing
the gaze direction and distribution, the system deforms some characteristic and impressive facial parts more
strongly than other non-impressive facial parts, and generates the caricature, we demonstrate experimentally for
the gallery. In this paper, we demonstrate experimentally the effectivity of this method to integrate these kinds of
viewpoints.

An interactive facial caricaturing system based on the gaze direction of gallery

Murakami,K, Tominaga,M., Koshimizu, H.: Proc.ICPR2000, Vol.4, pp.710- 713(Sep.2000)(Barcelona)

This interactive caricaturing system can get the information of a person where and how he is looking around in
the presented face by using a eye-camera system. In this paper we introduced three kinds of measures for
modeling the visual KANSEI of the examinee.

“Re-Generation of Facial Image Eye-Contacting with Partner on the TV Conference
Environment”

Tsuyoshi Yamaguchi, Masafumi Tominaga, Hiroyasu Koshimizu and Kazuhito Murakami: CD-ROM Proc. of
SMC2000, TP-1.11-3 (Nashville, USA) (Oct.2000).

Basing on the recognition of the irises from the facial gray images, this paper introduced a method for re-
generating a facial image of which eye glance is adjusted to the partner. Furthermore in the same way, this paper
proposed human friendly eye-camera system which is free from the constraint of the head mounted goggle.

““On the Detection of Feature Points of 3D Facial Image and Its Application to 3D Facial
Caricature”

Fujiwara, T, Tominaga, M, Kato, K, Murakami, K and Koshimizu, H: Proc. MVA2000, pp. 111-114 (Tokyo)
(2000. 11)

This paper showed that the smaller number of feature points can be applicable to introduce the surface patch
model. In the experiment, 38 feature points extracted automatically were used to generate the 3D facial caricature
and the texture of the face was mapped on the deformed surface of the 3D face.
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TR, RPGE, A, IIAE, BUKKAH | EFBRBESEHCEED-II. Vol. J84-D-II No.8
(2001)

AWFFE TR, BEEOT OIS 2 Sl U7z 4 5 E R 2 P T, B 2 12K S A A Eka & Ak
SEVEAAREE A FT TEFEDVCERS, &£/, BEOH XS TREZH A, OEELEE L, &H A
7 DA E T ERAE T I VLT I A T HFATFESIRET S, AWBHIFER T, 1BDH 27 T296° DFE
Al ZHEPHI U 92.9% OFBGFREMS 57z, BRI HEE R 513, HEBEOEW 2 45° DT, 4
B0 LW R A2, E/2. 8ADI X T h 6/ -ERERET ML, NIERAMDOA 2L —2 3
iR = HEE ORISR Th B T L AT L,

Face Recognition and Face Direction Estimation by the Cooperation of Multiple Cameras,
Systems and Computers in Japan

LARE, AAE, WSO, IARE, BRCKH D (BREFIEFR13F9A25H) (BT E)
((ERCO&EI L DHEST) This paper proposes a method for face recognition and face direction estimation by the
cooperation of multiple cameras. Both the face recognition and the face direction estimation are implemented
based on the linear discriminant analysis of the four directional features. Experiments show that our proposed face
recognition method can yield a recognition rate of 92.9% for the faces in a range of 296° and our proposed
method of face direction estimation can achieve a mean error of at most 4.5° and a variance of 11.0 for all face
directions. Furthermore, the cooperation of multiple cameras can improve the occlusion tolerance and the

estimation accuracy.
IR SN
- [EBR 2R

A Project for Automatic Facial Caricaturing System Profile PICASSO on PC

Jun-ichiro Hayashi, Ryan Stejskal, Hiroyasu Koshimizu : ICISP'2001 (Morocco) (May. 2001).

We developed a system of automatic generation profile-PICASSO. PICASSO system is an aspect of the systems
for front-view, motion and 3D facial caricaturing. It is noted that the profile is more informative to express the
individuality features than the front-view face.

In this paper, a method for deforming wrinkles, moles and textures included in the face contour is proposed. Then,
the other method for extracting reference points which are essential to normalize the size and pose of the face is
also introduced. Some experimental results are presented to demonstrate the automatic implementation of profile-
PICASSO on the usual PC environment.

“3D Modeling System of Human Face and Full 3D Facial Caricaturing”

Fujiwara, T, Koshimizu, H, Fujimura, K, Fujita, G, Noguchi, Y and Ishikawa, N: Proc. of VSMM2001, pp. 625-
633 (America) (2001.10)

In addition to the frontal face, full 3D facial model was proposed by using 44 feature points extracted
automatically from the 3D facial data. In this system, since the 3D shape of the hair can be measured by Pierimo,
it was successful to introduce the full 3D head surface model so that full 3D facial caricature was generated.

“Proposals of KANSEI Human Facial Media on HUTOP Production Cycle”

Tsuyoshi Yamaguchi, Masafumi Tominaga and Hiroyasu Koshimizu: CD-ROM Proc. of 5th Franco-Janese
Conference of Mechatoronics, pp.298-303 (Besancon, France)(Oct. 2001).

This paper proposed three kinds of facial media which can provide new human interface in the HUTOP
production cycle. The first one is a caricatured facial media, second one is a facial image which is eye-contacting
with the partner, and last one is a new eye-camera which is free from the constraint of the head mounted goggle.
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“MODELING OF EYE-MOVEMENT CAPTURED FROM EYE-CAMERA AND ITS
UTILIZATIONTO INTERACTIVE FACIAL CARICATURING”

Masafumi Tominaga, Hiroyasu Koshimizu: IEEE 2002 International Conference on Image Processing 2002
(IC1P2002).

A human's eye movements and fixation correlate strongly to a human's interest and attention to things in his/her
surroundings. In this paper, we propose an extraction of interest by eye movements from the Eye-camera. This
system analyzes the user's patterns of eye movements and fixation in order to infer to which facial parts user's
interest is strongly directed. The proposed measures are defined based on the distribution of the total fixation time
among various areas of the face, the number of saccade to or from various areas of the face, and the transition
matrix among the facial parts. We have proposed a typical KANSEI machine vision system to generate the facial
caricature. The basic principle of the system is the "mean face assumption" to extract individual features of a
given face. This system did not provide for feedback from the users of the caricature. Using our proposed method,
this caricaturing system can make better caricature by the utilization of interest of the user. We precisely describe
the proposed analyses methods of eye movements and the experimental results of caricature that is generated by
the interest of user.

OO YL EY 3 V/EEREGLE O@
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No.5. pp.835-840 (May,2001)
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Il ZO&S BRROIAREREICOWTE LD,

N—=BRIWEEZATALICEITRE2—2T 702 —

G . BUKKH, Sl ERESH RS, Vol.121-D, Vol.6, (200146 A %)
%&@?ﬁ%V#EQﬁ\%ﬁ\Uﬁ47wif@l~ﬁwaiﬁ/z7Aé@ﬁu\@ﬁ%aﬁm%ﬁ$y
b7 — 7 TR L XN BED TV Y2 — & - 2y b7 —2 - [ERETIZ O TERR, FIZHUTOP 7
TYx2 b (IMStYZ—) ORAEHEN LT,

v EY 3 OEERMC A

B (p4H8EE) @ GBriia Ry T2y R 7y o) (Bk) 2954 (2001.7)
H{SABSH Y 2T 4, v VY 3 V¥ AT ABRISIZE§ 380k AT 4 DFEW & b b TET LTS,

OO FAIMRE/VR/Z I 2L—23> C@®

1999
WFeam X

A Technique for Precise Depth Representation in Stereoscopic Display”’

S. Yoshida, S. Miyazaki, T. Hoshino, J. Hasegawa, T. Ozeki, T. Yasuda and S. Yokoi: Proc. Computer Graphics
International '99 (CGI'99), pp.80-84 (June 1999) [Canmore, Canada]

[#'5] In observing a 3D virtual object displayed stereoscopically on a large-sized screen, there often exists a
difference between the calculated depth and the perceived one of the object. This paper presents a method for
reducing such difference of depth. This is performed by modification of both the viewing position and the screen
position in stereoscopic calculation. The optimal amount of modification was decided using sample values of
depth difference. Effectiveness of the proposed method is discussed with the experimental results.

BRTRIRARF ICE DM MEETIVORE

EEEAL, SR, RHIZESE, BRSS! C B REBE R GE,. 182-A,7, pp. 1148-1155, 1999.7
%Emﬁﬁum$WTﬁﬁéh6)bim%rwfi ZIDOT AMNKE < 7 B2 TR 11 Ak
DFAILIRANDIETCIA N A Lk 5, AX T, BEITRAETLONLETH 2YHEZ - S\
FIEE DT IALTFEEZREE L2 o, BMEIE I 2130 HA Tld 7k < Wik 285k 3 2 RS Ze /N LAY
THELMAEERHMNTERTEILICKD ., ZEIEOEAVAKE LA S Y 25 A % | 58 1F 25
VEIRE 235 5 N B TEMIRET L2 IRE T 5. MAREKAESVEIZES U TERO S mEERIZSE L, £
AR Z LI FHIZIRALE ., §4b 5 LM AERDOTESICHE X 1 72E S O IRBI O 8 %5k .
ZONE A B DZERIZFEDCTERICE K B 2RET 5, LHAEROFEEIZIRAE T 2 XICOEEIZD
ORI, 3 RITTOBAIZ DN TR B % Fl TR I sk 5,

“Deuterium Substitution Effect on the Excited-State Dynamics of Rhodopsin”

Toshiaki Kakitani, Ryo Akiyama, Yasuyo Hatano, Y. Imamoto, Y.Shichida, P.Verdegen, J.Lugtengurg: J. Phys.
Chem. B, Vol.102, No.7, pp.1334-1339 (1998.4)

Abstract: We investigated the exited-state dynamics of the cis-trans photoisomerization of rhodopsin by
analyzing deuterium subsutitution effects for hydrogen atoms bonded to C11 and C12 of the retinal chromophore
by the method of Fourier transform of optical absorption spectra(FTOA). Plotting the absolute value of the time
correlation function of modified vibrational wave packet, we found that the deuterium substitution effects do not
appear in the excited-state dynamics until about 20 fs after photon absorption, weakly appear in the time range 20
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- 60 fs, significantly appear in the time range 70 - 110 fs, and complicatedly appear in the time range 110 - 170 fs.
By analyzing those deuterium substitution effects, we obtained a result that the concerted motions of hydrogen
out-of-plane (HOOP) waggings at C11 and C12, which are found to exist in native rhodopsin in the time range 20
- 60 fs, do not contribute to the excited-state dynamics in its time range appreciably and that the coupled motions
of hydrogen atoms at C11 and C12, which are significantly coupled with the skeletal twisting motion of the
chromophore in the time range 70 - 110 fs, contribute to the excited dynamics in its time range substantially. The
hydrogen motions after 110 fs contribute to the excited-state dynamics in a complicate way. This cis - trans
photoisomerization process of rhodopsin is basically similar to that of bacteriorhodopsin, which was obtained by
the comparative analysis of the FTOA of 13-trans-locked-bacteriorhodopsin with native bacteriorhodopsin.

“Monte Carlo Simulation Study on the Structure and Reaction at Metal-Electrolyte Interface.
I1. Mechanism of Nonlinear Electrode Reactions”

Norikazu Goto, Toshiaki Kakitani, Takashi Yamato and Yasuyo Hatano: Journal of the Physical Society of
Japan,Vol.68,No.11,pp.3729-3737(1999.11).
Abstract: Using the two-dimensional free energy surfaces which were obtained previously by the Monte Carlo
simulations for metal-electrolyte interfaces by allowing the movement of reactant [N. Goto et al.: J. Phys. Soc.
Jpn. 66 (1997) 1825], we have analyzed the mechanism of nonlinearity in the electrode reaction in detail. The
nonlinearity was defined as a square of ratio between widths of the energy gap laws for the neutralization and
ionization reactions. We developed a method to derive the nonlinearity due to only fluctuations of motion of
solvent molecules and electrolyte ions for each distance of the reactant from the metal surface. We found that the
nonlinearity was the largest (4.8) at the distance 6 _ of the reactant from the metal surface, and was the smallest
(2.2) at the distance 2 _ where the reactant is in contact with the metal surface and at the distance larger than 9 _
where Gouy-Chapman diffuse layer ends. We also found that the movement of the ions and solvents directly
adsorbed to the metal-surface is strongly restricted, showing a feature of dielectric saturation. Combining these
facts, we conclude that the strongly adsorbed layer of ions and solvent molecules (Helmholtz double layer) causes
a large nonlinear phenomenon of the electrode reaction due to breakdown of the central limit theorem especially
for the reactant contacting the adsorbed layer.
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[MRAERERBEEMICE I/ —OYIHBRES ZXT L - FFOBTHWEE DILERRENERR - ]
HHEI, HRED, BRE 23, BHEHE! | Japan Chemistry Program Exchange Journal, Vol.12, No.3,
pp-229-236 (2000)
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ZEMPLRMTH S, Bl A4 HEDRT ORI DFERT V> v bBXIIMRPEFBMMmM AT L,
S FHEE ISR G 2Rk 5 2 & T RISHEDBIT RIS H DO FHA LRI A5, LrLerb, H
WRT 4 AT VA PBIEARIXRITCERTHEINODWEEFHANS Z i3, HEEEHA LD TERT
TUSHEE LV, Z 2T, AR TR, REBHEEEEGN 20 L Loy —LOREEIT S, 4T ORI
=B VHE@ME LRV 2T A3, SLAEBUCKDESRIR AL %2 3 RTUMICBIE TE 5720 Cnl, &
BARAERNCE N 2B 32 5 T 2 FBRIRE T B Z LR RETH B, VAT AE— R S—Y Fray
Yo — USROS AHRE & I HIEREE 2> SRR S, NEERE2EH T2 2 LIk FIHEERSMIL
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“ZFULARKRRICH T 2ERE L RBITEEMBEED—FHR

HHEI, HiEEd, 2R, KB W RE)IM—, RHEZESE, B . BAS—F vy 7Y 74
ZSESGRE. 5. 34 pp.1019-1025 (Sep. 2000)

[#E] This paper proposes a technique which high-precisely corrects errors of depth perception in a
stereoscopic display. In spite of using identical values of correction parameters such as interpupillary distance,
high-precise correction can be realized at an arbitrary presented depth. The eyepoints and the screen position in
stereo pair image generation are adopted as correction parameters based on the spatial distribution of depth errors
measured using large plane screen of which the distortion of the display sufficiently corrected and optical sensor
in which the measurement error is small. Procedures of obtaining optimum values of correction parameters from
sample distribution of depth errors and propriety of the method are described.
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‘““Spacial Sketch System for Car Styling Design”

S. Yoshida, S. Miyazaki, T. Hoshino, T. Ozeki, J. Hasegawa, T. Yasuda and S. Yokoi: International Archives of
Photogrammetry and Remote Sensing, Vol. XXXIII, Part B, pp.919-925, Amsterdam (July 2000) [Amsterdam,
The Netherlands]

[#5] Itis undesirable for car designers to wait long for a physical mockup, or to learn a difficult CAD interface.
This paper presents a Spatial Sketch System that provides a sketch-like modeling interface, and realizes 3D
drawing for humanoriented industrial design, such as car styling. The designer can draw lines and surfaces
directly and freely in the canvas of 3D space by operating a pen-type pointing device while viewing a stereoscopic
display. The process of modeling consists of two parts: Rough Sketch and Refinement. In the Rough Sketch, the
user works his/her ideas out rapidly by drawing free-formed curves and surfaces. This is an expansion of the
ordinary 2D sketch into a 3D digital tool, and is useful for the conceptual design that is the first stage of car
styling. It provides multi-layered canvases and colored pencils that are selected from a 3D floating menu. An
erasing command is performed just as if a real eraser rubs drawn objects out. Then, in the Refinement process,
precise tracing of the sketched surfaces completes the refined NURBS model. Functions to assist the user are also
implemented. For example, commands of frequent use are selected by simple gestures. For example, a curve is
removed when the designer shakes it quickly. This enables faster command ~selection than that depending on a
typical menu-based interface. All commands are saved so that the designer can undo and redo them to rapidly
compare alternatives in creative design work.
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A Technique for Precise Depth Representation in Stereoscopic Display”’

S. Yoshida, S. Miyazaki, T. Hoshino, T. Ozeki, J. Hasegawa, T. Yasuda and S. Yokoi, The Visual Computer, 17,
1, pp.46-54 (Feb. 2001)

[#5] In observing a virtual 3D object displayed stereoscopically on a large screen, there often exists a
difference between the calculated depth and the perceived depth of an object. This paper presents a method for
reducing such differences of depth. This is performed by modifying both the viewing position and the screen
position in the stereoscopic calculation. The optimal amount of modification was decided using sample values of
depth differences. Effectiveness of the proposed method is discussed upon experimental results. This technique
decreased the average difference from 4.3mm to 1.3mm.

“A Deformable Object Model for Virtual Manipulation Based on Maintaining Local Shapes”

S. Miyazaki, J. Hasegawa, T. Yasuda and S. Yokoi: Proc. World Multiconference on Systemics, Cybernetics and
Informatics (SCI 2001), Vol.XI, pp.100-105 (July 2001) [Orlando, Florida, USA]

[#25] This paper proposes a new fundamental model of deformable objects for real-time and interactive
applications. It is based on the mass-and-spring model, but in which the unit of elastic force definition for
computation of dynamics is expanded from a spring to a volume element divided by the boundaries formed by
mass-and-spring lattice. Displacements of the vertices of the volume element are defined to decide the elastic
forces similar to the mass-and-spring model. Solving the equations of the equilibrium of internal force and
moment of force derives them. As a result, proper elastic forces are operated for restoring the natural shape even
if the object is rather soft and easily deformed, although they are becoming improper ones with the increase of
displacement of the spring in mass-and-spring models. As the calculation is performed numerically and
approximately, a method of reducing the approximation error is also presented.
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‘““Simulation of Human Motion - Using Tissues Represented by Elastic Object Models”

H. Inaba, S. Miyazaki, T. Taki and J. Hasegawa: Proc. World Multiconference on Systemics, Cybernetics and
Informatics (SCI 2001), Vol.XI, pp.89-94 (July 2001) [Orlando, Florida, USA]

[#5] This paper presents generation of human motion by using a skeletal muscle and skin represented by
elastic object. On the whole, human motion is associated according to the contraction of skeletal muscle. And, it
results rotation and translation of skeletons that performs human motion, for example, bending of the arms or legs.
Then it deforms figures of the other tissues such as fat or skin in posture. To make such a generation of motion
and transformation, we use two kinds of elastic object models to make deformation of muscle and skin. The
muscle consisting of the mass-and-spring model is able to generate force based on the muscle contraction and to
deform the shape by shortening and expansion. The skin consists of the elastic object model based on maintaining
local shapes and generates shapes by expanding and contracting around the joints. In this system, a human motion
generated by modeled tissue is visualized as an animation.

[EFEARRFEE
[UPIaA LEEEHIETF - P TFOEFEEDEY 2771 tE—- 3]
R, IHHEZ, EiEEd, REP T, (LA HANS—F v L) 70 T 4 S 6 AR E
(2001.9)
Abstract : It is difficult to understand behaviors of electrons in atoms or molecules from atomic or molecular
orbitals that are represented in the form of function or numerical values. This paper presents visualization of
orbital function or density function of electrons as a cloud rendered by real-time computer graphics. Electron
densities are sampled and represented by voxel data in rendering. Manipulation of molecular structure, such as
rotating a certain bond, is realized and the response is observed in real time. It gives chemists a great help in
understanding the electronic state of molecule.
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“AwTITHA L DEHDTT 2V =V [RERT Y F2 AT L] ORSE”

dH&IT, BEAERC, wimEd, KB L ReNM—. RHFESE M HARSN—F v L) 7Y 574

ZEEENOSGRE, 6. 4, pp.313-322 (Dec. 2001)

[#'5] This paper presents a Spatial Sketch System that provides a sketch-like modeling interface, and realizes

3D drawing for human oriented industrial design, such as car styling. The designer can draw lines and surfaces

directly and freely in the canvas of 3D space by operating a pen-type pointing device while viewing a stereoscopic

display. The process of modeling consists of two parts; In the Rough Sketch stage, the user works his/her ideas

out rapidly by drawing free-formed curves and surfaces. Then, in the Refinement stage, precise tracing of the

sketched surfaces completes the refined NURBS model. Additionally, implemented intuitive command selection

assists creative work. For example, a curve is removed when the designer shakes it quickly.
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ACrETE, AR —E8, H)Il3— @ HASEZ SRS 1-1-10, pp.19-20, March 1999.
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“A smoothing method of time direction on speech recognition under noisy environments using
spectral subtraction”

Norihide Kitaoka, Ichiro Akahori, Seiichi Nakagawa: ICSP-99, pp.381-386, 1999.

To reduce the effects of additive noises, spectral subtraction (SS) is often used. We discuss SS on the power
spectral domain. This method has two problems to make the estimation of clean speech difficult:(1) There exists
the estimation error between true power spectrum of noise and estimated one (2) The correlation between speech
and noise also exists because of the phase difference.

In this paper we propose a spectral subtraction using a smoothing method of time direction to solve these
problems. We consider the average of estimated speech power spectra over some frames as the estimated speech
power spectrum. This operation makes the estimation of noise more accurate. We can reduce the effect of
correlation between speech and noise. To make this method more effective, we propose the smoothing method
using shorter frame size. With these methods, We achieve 14% improvement of recognition rate from the
conventional method in large-vocabulary isolated word recognition test.

We also propose to use the smoothing method in recognition with the acoustic model trained using this method in
noisy environment. This model improved the recognition rate by over 10% from the original model.
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“Speech recognition under noisy environments using spectral subtraction with smoothing of
time direction and real-time cepstral mean normalization”

Norihide Kitaoka, Ichiro Akahori, Seiichi Nakagawa: HSC2001, pp.159-162, 2001.

To reduce the effects of additive noises, spectral subtraction (SS) is often used. SS on the power spectral domain
has a problem that the effect of the correlation between speech and noise cannot be removed.

In this paper we propose a spectral subtraction using a smoothing method of time direction to solve this problem.
We consider the average of estimated speech power spectra over some frames as the estimated speech power
spectrum. We can reduce the effect of correlation between speech and noise with this method. Using shorter frame
length makes this method more effective. With these methods, we achieve 14% improvement of recognition rate
from the conventional SS in large-vocabulary isolated word recognition test.

We also propose to use the smoothing method in recognition with the acoustic models trained using this method
in noisy environment. These models improved the recognition rate by over 10% from the original models.
Cepstral mean normalization (CMN) has been used to reduce the convolutional noise caused by the difference of
transmission characteristics. The system should wait until the end of utterance to start the recognition when
adopting the conventional CMN. We modified

the method to estimate compensation parameters from past few utterances for real-time recognition. This method
improved the performance of above system under OdB SNR car noise by approx. 7% recognition rate.
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Implementation of Routability Checking Algorithm for Planar Layouts

AT, FHER EWRABE SIS, 40, No. 4, pp. 1636-1643 (1999).

Naoyuki ISO, Tomio HIRATA

(FISTHEEE] B rTREMERGE & 1. 5 A 5 7B FCR 2SI BN TE B0 E 53 0 & HETH L Th
%o XTI, 9. LICEER LS 2ER L FIACHR AT REMERGE 7 LT ) X A & B R IZER L, 7Y
¥ MECHEARERETSE F L 7235 A DPEREIS DWW TIRE T 2, RIS, AT 2R ZHINT 5 72007 x 12
KUZOMWERIZOWTHE TS, [P0 E] Routability checking is to decide whether the global wires can
be transformed into the detailed ones or not. We proposed an efficient algorithm for routability checking. In this
paper, we implement our algorithm and apply it to actual layout design. Furthermore, we modify our algorithm
so that it use only linear space and give experimental results of its performance.
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“A Technique for Representing Cloth Shapes and Generating 3-Dimensional Knitting Shapes”

Tatsushi Funahashi, Masashi Yamada, Hirohisa Seki and Hidenori Itoh: FORMA, Edited by The Society for
Science on Form, Vol.14, pp239-248 (1999)

abstract: In this paper, a method of generating the three-dimensional knitting clothes shapes is described. First, a
method of representation of the cloth is described. In this method, a cloth is represented by a mesh, which is a set
of vertexes. Next, a method of generating the cloth shapes is described. The cloth covers three-dimensional
objects. To generate the shapes, vertexes of the mesh are moved with considering spatial restriction of coverd
objects. At last, the usefulness of the proposed method is confirmed by execution examples.
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“Mathematical Libraly NUMPAC and its Perfomance on Supercomputer”

Ichizou Ninomiya, Yasuyo Hatano, Takemitsu Hasegawa, Toshiki Sandoh, Yosio Sato: International Conference
on Parallel Computing in Electrical Engineering, pp.34-38,Bialystok,Poland(1998.9).

Abstract: The NUMPAC, a mathematical software library constructed in Nagoya University has recently been
installed in Polish-Japanese Institute of Computer Techniques. In this paper, its over-all organization, excellent
quality and hight performance on supercomputers are described in turn. Finally, a newly developed online manual
system NetNUMPAC is explained at some length.

“NetNUMPAC: A system for online manual over the WWW of NUMPAC”

Takemitsu Hasegawa, Toshiki Sandoh, Yosio Sato, Yasuyo Hatano, Ichizo Ninomiya: The 9th Biennial
Computational Techniques and Applications Conference and Workshops, 20-24 Sept. 1999, Canberra, Australia.
Abstract: An online manual for the NUMPAC is available through WWW. http:/netnumpac.fuis.fukui-u.ac.jp/
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“Constrained Knots: Geometry Model, Processing Method and its Application”

Rahmat Budiarto, Abdullah Zawawi Hj. Taib, Rosihan M. Ali and Masashi Yamada: Bulletin of Malaysian
Mathematics and Statistics Society, (to appear)

abstract: The problems associated with geometrical model of constrained knots in computer graphics are
preserving topology and detail shape, and a large data volume in its processing. In this paper we propose an
intelligent representation and transformation methods for processing constrained knots, which preserved both the
topology and detail shape of the constrained knot and optimizing the computation resources. The method is based
on a minimum energy of constrained knot and then, in order to show usefulness of the method we implement the
method to string figures in cat's cradle game.
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““Roles of cognitive externalization for joint problem solving”

Shirouzu, H., & Miyake, N.: The 2nd International Conference on Cognitive Science and the 16th Annual
Meeting of the Japanese Cognitive Science Society Joint Conference Proceedings, pp. 337-342, (Aug. 1999)
Abstract: We considered the roles of cognitive externalization for joint problem solving by conducting a simple
experiment with Japanese origami paper. In this experiment, we asked subjects to indicate 2/3 of 3/4 of the paper’
s area as the first trial and 3/4 of 2/3 of its area as the second trial. Comparing the performance of 13 paired
subjects with that of 13 solo subjects, we found that seven paired subjects shifted to another type of strategy (the
arithmetic strategy) in the second trial while only two solo subjects did. The paired and solo subjects both initially
solved the task through externalizing their solving processes. In paired subjects, however, the intermediate
externalized processes served as rich tangible resources for their collaborative checking on what they had
achieved and scrutinizing of what they could do next, which led them to reinterpret the situation.
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‘“Annotations for reflection in college classes”

Miyake, N., Masukawa, H., & Nakayama, T. : Presented at 2000 Annual Meeting of American Educational
Research Association, New Orleans, U.S.A., (Apr. 2000)

7 /7 =¥ 2 YEEIR i Interactive Query Raiser, fHA. Y ¥ 2/ — M EEF Y 25 4 ReCoNote (Reflective
Collaboration Note) %[ L7z KF COHEEEEKITH T, BFHNAE 2 EZIC DA Z L %R Lz,

“Construction of collaborative learning culture in college-level cognitive science classrooms.”
Miyake, N., Masukawa, H., Nakayama, T., Shirouzu, H., & Yuasa, K. . International Workshop on New

30



B

Technologies for Collaborative Learning 2000 at Awajishima, pp. 119-126, (2000)
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“Relation-making to sense-making : Supporting college students’ constructive understanding
with an enriched collaborative note-sharing system”

Miyake, N., & Masukawa, H. ! B. Fishman, & S. F. O'Conor-Divelbiss, eds., International Conference of the
Learning Sciences, pp. 41-47, Michigan, U.S.A., (June. 2000)
IR TOEEE I GRAR Y 2 8 A B i FE RIS & 5 FEBMZiR G, AL TWaXHEY 27 413,
ReCoNote (Reflective Collaboration Note) EIEENS ) — bEEY XF LT, 200/ — F ZEEIZHHE L
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B UME ) ¥ 2 SRR &, BOBOERE L E—- FOERICHUDL 2&, 20T — 2050
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“Seeking an ideal learning environment”

Miyake, N. © Symposium 1, FLEAT IV The Fourth Conference on Foreign Language Education and Technology
(2000)
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“Goal scheduling and action mode selection done by an autonomous agent on the basis of
situational urgency”

Tsuchiya, T. : In Affective minds, G. Hatano, N. Okada and H. Tanabe (Eds.), pp. 69-73, Elsevier, Amsterdam,
(2000)

R RE R DOBFRIZ B0 2 I&IE O%E 2, BREOBRAMIZL C-MEMEOFIEE WS BUE» 55U, fHEET
ILER LT,

“Functions for the management of valuable goals”

Tsuchiya, T. : Proc. The AISB'00 symposium on how to design a functioning mind, pp. 155-156, Brimingham,
UK,

(Apr. 2000)

DB 2 AEERIC OV T, HEZWZho ZEEMIEICE SN THERO BIE 2 B ISEK T 2 8% %
D IZER L7z,

‘“Management of multiple goals on the basis of situational urgency”

Tsuchiya, T. : Proc. 22nd Anual conference of the cognitive science society, pp. 1062, Philadelphia, USA, (Aug.

2000)
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FRFIRHADSLIG A 5228 - BB & R USSR 2 380E 2207 B L 3 2 5 A B B 2 BT Ze sl A iz
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[StRZBEBVICFIA L /-ETE (2) —HFEMEERISEICK 3ET—|

FIAKAG @ HARRRIRI A28 17 MR SRR SCHE, pp. 34-35, (20004E6 )
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[XEEEFIA LU A-BRFRY X T LDKRET &EH ]

REFOESHE. SR 4 1B BARRMBIE S 170 KSR EH . pp. 170-171, (June. 2000)
FEE»SOEBEME, BRLXEEICE > TEML, B4t X2 BRSEIEHENI S 2 7 L DFWEF. T,
SEFHIZDOWTER T =,
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“Collaboration, Technology and the Science of Learning : Teaching Cognitive Science to
Undergraduates”

Miyake, N. | ZHLEISEAER . Vol.40, pp.218-228, (2001)
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A FE OHALA & 2 BLE 5 2 720 DA T 5, Hi&id. ReCoNote (Reflective Collaboration
Note) LFHIHBMHEIZ) Y27, I AV MAlEEL ) — MEE Y 25 4, #3513 Interactive Query Raiser &IFEIE
NB7 /7= a VIHERREFIH L TW5, AIEOEEOFREIE, BERRBPIZELDIL—TEH%
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ZEEIT & E 2 /iR LIS L, Zho o LTRED X v N REM 22T 20 L AR TH#GH B
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“Cognitively active externalization for situated reflection”

Shirouzu, H., Miyake, N., & Masukawa, H. : Cognitive Science, Vol.26, No.4, (to appear in Mar./Apr. 2002)
THFAEE A3 E DK IZ U TR CRIR GRS D52 2 0% 3l T 2 Bam 212t L K S5 & 353 T
DHRD2,/3D3 /ADERFIZFHRES < ZL 2RO BB EMWA L 2 AT OWBREICEwTSL. 1) 2
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FTWZ L, PR SNz, IS5, WHRIGE TAPMMZEE 2 ICEGE Lo woid, WSS Eism IC T
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INETRISEDNTE 2, WFARE TRIEERIEBAFIET 272D T NTD RS 5 B is o - fREH R
xh, ThoERAELED LT 2ENE FNE-DITHRIICE S L $5F 2 FIS LT, AL
E5DhELDEMICHHLES ET3ATH S,

“The complex jigsaw as an enhancer of collaborative knowledge building in undergraduate
introductory cognitive science courses.”

Miyake, N., Masukawa, H., & Shirouzu, H. : P. Dillenbourg, A. Eurelings, & K. Hakkarainen (Eds.) Euro-CSCL
Proceedings: European Perspectives on Computer-Supported Collaborative Learning, First European Conference
on Computer-Supported Collaborative Learning, March 22-24, Universiteit Maastricht, Maastricht, the
Netherlands, pp.454-461, (2001)
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‘“ Supporting collaborative reflection for knowledge integration: Computer support for building
a collaborative learning community in undergraduate cognitive science courses”

Miyake, N. © Invited address, International Conference of Computer Use in Education 2001, Seoul, Korea, (Nov.
2001)
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“Children’s algorithmic sense-making through verbalization”

Shirouzu, H. : The 23rd Annual Conference of the Cognitive Science Society, Edinburgh, UK, (Aug. 2001)
Abstract: S ZER WA BEHROFEB ICHEWT, HSDORBREBENICEENL L T Lo72EMfEI Y
FROVE— P TOMSHLEE 2R L T2 FEEET -4 L LT, BOEDWL DEDF L LKL
TELHTILRXTEIT S ZEAMENERICKITTHEI OV GR L2, TOHRTERNIZR A 2551
EEEMOML A LFEN LA TS RIS FE R L, BRI ERT A Y F 2 7 AR & FEREOMA
abidelEhs L), Eameliro7,

“Guided verbalization for conceptual understanding: A scaffold for making sense of multiple
traces of cognition”
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Shirouzu, H., & Miyake, N. : To be presented at AERA2002, New Orleans, U.S.A., (Apr. 2002)
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‘“Intentional integration supported by collaborative reflection”

Miyake, N., Masukawa, H., Yuasa, K., & Shirouzu, H.  G. Stahl (Ed.) Proceedings of CSCL 2002, pp.605-606,
Boulder, Colorado, U.S.A., (Jan. 2002)
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“Cognitive flexibility gained through collaborative reflection on cognitive traces”

Miyake, N., & Shirouzu, H. © To be presented at AERA2002, New Orleans, U.S.A., (Apr. 2002)
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“Mutual links as externalized resources for students' collaborative reflection”

Masukawa, H., & Miyake, N. : To be presented at AERA2002, New Orleans, U.S.A., (Apr. 2002)
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“Externalized cognitive processes for collaborative knowledge construction”

Miyake, N. © Invited address, The Third International Conference of Cognitive Science, Beijing, China, (Aug.
2001)
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“How an architect created design requirements”

Suwa, M., Gero, J., & Purcell, T. { 4th International Symposium on Design Thinking Research _ Design
Representation (April. 1999)

Abstract: There is an anecdotal view that designers, during a conceptual design process, do not just synthesise
solutions that satisfy initially given requirements, but also create by themselves novel design requirements that
capture important aspects of the given problem. Further, it is believed that design sketches serve as a thinking tool
for designers to do this. If this is so, what kinds of cognitive interaction with their own sketches enable designers
to create novel requirements? The purpose of this paper is to begin to answer this question. We examined the
cognitive processes of a practising architect, using a protocol analysis technique. Our examination focused on
whether particular types of cognitive actions account for the creation of novel design requirements. We found that
intensive occurrences of a certain type of perceptual actions, acts of establishing new relations or visual features
on the sketches, are likely to co-occur with the creation of requirements. This suggests that this type of perceptual
actions are the key constituent of acts of creating novel requirements, and therefore one of the important actions
in sketching activities. This presents evidence of the view that designing is a situated act, as well as having
implications for design education.
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“Unexpected discoveries: How designers discover hidden features in sketches”

Suwa, M., Gero, J., & Purcell, T. : International Conference on Visual and Spatial Reasoning in Design (June.
1999)

Abstract. Discovering hidden features in a representation without being fixated to a single perspective of viewing
it is one of the crucial acts in creative activities. The process of designing through conceptual sketches is no
exception; designers should be able to discover in an unexpected way visual/spatial features of sketched elements
which were not intended when the elements were being sketched. How are designers able to make unexpected
discoveries of this sort? What become the conditions in which unexpected discoveries are likely to happen? We
have hypothesised that there are two driving-forces. First, when a designer simultancously pays attention to a set
of previously-sketched elements which have never been attended to together, he or she is likely to make
unexpected discoveries in those elements. Second, when a designer has invented a design requirement during the
process, the new design concept will enable the designer to view sketches from a new perspective and encourage
unexpected discoveries. We examined the cognitive processes of a practising architect, and found that most of his
unexpected discoveries were accounted for by these two driving-forces. This has implications for design
education and design support.
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ANEH A - ATERALIER . Vol.19, No.72, pp.13-18, (19994 1 )
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“Unexpected Discoveries and S-invention of Design Requirements: Important Vehicles for a
Design Process”

Suwa, M., Gero, J. & Purcell, T.: Design Studies, Vol.21, No.6, pp.539-567, (November. 2000)

Abstract: Designers, during a conceptual design process, do not just synthesise solutions that satisfy initially
given requirements, but also invent design issues or requirements that capture important aspects of the given
problem. How do they do this? What becomes the impetus for the invention of important issues or requirements?
So-called "unexpected discoveries", the acts of attending to visuo-spatial features in sketches which were not
intended when they were drawn, are believed to contribute to it. The purpose of the present research is to verify
this hypothesis. Analysing the cognitive processes of a practising architect in a design session, we found that in
about a half of his entire design process there were bi-directional relations between unexpected discoveries and
the invention of issues or requirements. Not only did unexpected discoveries become the driving force for the
invention of issues or requirements, but also the occurrence of invention, in turn, tended to cause new unexpected
discoveries. This has provided empirical evidence for two anecdotal views of designing. First, designing is a
situated act; designers invent design issues or requirements in a way situated in the environment in which they
design. We call inventions of this sort situated-invention (S-invention). Secondly, a design process progresses in
such a way that the problem-space and the solution-space co-evolve. Further, this has brought a pedagogical
implication as well as an insight about an important aspect of learning by experience in design.
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‘“Emotion and social interaction: a theoretical overview”

Toda, M.: In G. Hatano, N. Okada and H. Tanabe, eds., Affective Minds, pp. 3-12. Amsterdam: Elsvier, (2000)
Abstract: This paper concentrates mainly on the following six mutually interdependent points. (1) Human
emotions are characterized as wilderness-rational biological software, having evolved so as to make some animals
capable of coping with typical problematic situations they meet in the wild environment. (2) The system of animal
emotions underwent a drastic expansion when mammals started to live in small groups, by the necessity of
conciliating two opposing needs: one for self-preservation of individuals and the other for partially sacrificing it
for the good of the group. The most remarkable product of this emotional development was the establishment of
the social status system. (3) Early humans should have differed from early chimpanzees at least in one point, a
critical difference that made them go through quite divergent courses of evolution later on. Humans, likely due to
their stronger ability in imagination, tended to invent new ways of coping with new problems, and created thereby
a much stronger selection pressure for themselves. (4) Artificial evolution, or evolution of artifacts, was triggered
by this active coping style of the humans which, starting with primitive stone tools, eventually produced a
prodigal amount of artifacts, material and non-material, that we find in contemporary human society. (5) The first
grand transition in human societal history was brought about by the agricultural evolution. In order to regulate the
oversized community population it engendered, the people in later times had to practice the social status system
increasingly more vigorously, producing communities of very high status variances. (6) The general populace,
having grown in power, ended this period only recently, producing very low status variance communities
unknown in history. Despite the nearly Utopian conditions created by this second grand transition, the
contemporary human societies are just barely muddling through, since no one seems to know how to make good
use of these novel conditions.

‘““Siatutedness as an indispensable means to cope with infinity”’

Suwa, M. : Workshop on Situatedness in Design (June. 2000)

Abstract: Design is a situated act. A design process does not proceed just in a knowledge-intensive way using a
pre-represented knowledge or plans about how to design. Rather, it proceeds with different modes of cognition,
i.e. actions onto an external representation used, perception from it, conception, and decision-making, interacting
with each other on the fly. The purpose of this paper is not just to recognize situatedness as a significant
phenomenon in design, but rather to propose an idea that it is an indispensable means for designing. What do
designers need it for? The answer proposed is that it serves as a means to cope with the infinity aspect of
designing, which is that functions to be realized in an end product are not necessarily given but should be invented
by the designer out of an infinite pool of possibilities beyond particular domains and kinds. I will propose a model
of a situated cycle of perception and conception, discussing that it provides a designer with a driving-force to keep
conceiving of various functional issues in an infinite way. Further, I will present its evidence from observation of
cognitive processes of a practicing architect.

* TR

“Adding Specificity in the Surrounding Situation: A Key to Successful Graphic
Communication”

Suwa, M. © First International Workshop on Interactive Graphical Communication (Aug. 2000)

Abstract: What do people reason in looking at visual contents in graphic representations and how? This question
is central in exploring a successful design of graphic communication. One aspect of human visual reasoning
relevant to this issue is its situatedness. What a person associates with visual contents in a graphic representation
varies, being dependent on the situation in which the visual contents are located. What is meant by "situation"
includes the relationships between the visual contents and peripheral, seemingly irrelevant, contexts in the
representation, the kind and appearance of the physical setting surrounding the representation, the kinds of
knowledge that the person possesses, the social and cultural context surrounding the representation, and so on.
The "situated cognition view", a way of understanding human reasoning that has emerged in cognitive science in
this decade, supports this statement.
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First, I will explain the situatedness of human visual reasoning, by showing as its example my recent studies on
how designers use freehand sketches to generate design ideas. What a designer conceives of in response to the
appearance of her own sketches is determined on the fly by changing situations in the sketches. Therefore, its
variety becomes enormous being beyond a particular domain, and its kind is unpredictable even to the designer
herself.

Then, I will turn to discuss that the situatedness of visual reasoning is a real threat to graphic communication.
Whereas any graphic representation has a specific intention as to what information needs to be conveyed, people
could be prevented from grasping the intended information due to the very situatedness of their reasoning. How,
then, should we design graphic communication to gain a successful outcome? Showing examples from domains
such as the problem of wayfinding, TV commercials, and etc., I will present one plausible answer to this problem.
That is, designing a graphic representation by adding specificity in the surrounding situation to an extent enough
to direct people's reasoning in an intended way.

2001

- WFFEam 3L

“The history of human society as molded by emotion: past, present and future”

Toda, M.: Social Science Information Vol.40, No.1, pp.153-176, (2001)

Abstract. The basic operational modes of emotions were determined when they evolved as animal software for
coping with problematic situations presented by the wild environment. This wilderness rationality of emotions
became somewhat warped when humans developed a large, organized environment of communities. Human
emotions differed from those of animals in one critical respect: humans tended to apply new solutions to new
problems and thus they touched off an evolution-like process for artefacts, the accelerating nature of which
eventually produced the contemporary human society where innovations occur with inordinate speed.
Contemporary society is fraught with dangers despite its material abundance and the nearly equal social status of
its denizens. A cellular societal structure is suggested as a possible solution to this problem.

gl

“How Do Designers Shift Their Focus of Attention in Their Own Sketches?”

Suwa, M., & Tversky, B.: Diagrammatic Representation and Reasoning, Springer, London, pp.241-254, (2001)
Abstract: External representations serve as visual aids for problem-solving and creative thinking. Past research
has enumerated some of the features of external representations that enable this facilitation. We have questioned
how and why architectural design sketches facilitate exploration of design ideas, by conducting protocol analyses
of designers' reflections on their own sketching behavior. Our previous analyses of their protocols revealed that
skilled designers, once they shift attention to a new part of a sketch, are able to explore related thoughts more
extensively than novice designers. How do they keep focused on related thoughts? What are the driving forces for
successive exploration? We examined the types of information that expert and novice designers considered
during and between chunks of related thoughts. We found that focus shifts driven by consideration of information
about spatial relations led to successful exploration of related thoughts. We relate these results to some aspects of
facilitation by the externality of sketches.

“Seeing into Sketches: Regrouping Parts Encourages New Interpretations”

Suwa, M., Tversky, B., Gero, J. & Purcell, T. : 2nd International Conference on Visual and Spatial Reasoning in
Design, (VRO1), (July 2001)

Abstract: One surprising benefit of sketches is the insights they provide to the sketcher. Sketches are ambiguous,
allowing even their creators to reinterpret them, a process more difficult to do in the mind (Chambers & Reisberg,
1992). How is it that sketchers can see new things in their own sketches? One possibility is that they regroup the
parts into new wholes, with different meanings. A protocol analyses of an experienced architect confirmed this
hypothesis: regrouping parts of sketch drove detection of new features in sketches. Further, novices who adopted
this strategy generated more interpretations of ambiguous sketches than those who didn’ t adopt the strategy.
Regrouping seems to be a general skill for generating multiple interpretations, applicable to many kinds of
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sketches. Encouraging this skill should enhance design.

“Regrouping Parts of an External Representation as a Source of Insight”

Suwa, M., Tversky, B., Gero, J. & Purcell, T. . 3rd International Conference on Cognitive Science, (ICCS01),
(Aug. 2001)

Abstract: Through what mental processes does insight occur? Gestalt psychologists stressed the importance of
restructuring the problem, but did not show how it occurs or how it leads to generation of insight. Here, we
investigate the hypothesis that an external representation should allow regrouping of parts and thereby serve as a
source of insight. A protocol analyses of an experienced architect confirmed this hypothesis: regrouping parts of
sketch led to generation of insightful ideas. Further, novices who adopted the regrouping-parts strategy generated
more interpretations of ambiguous drawings than those who didn't adopt the strategy. Regrouping seems to be an
important component of cognitive processes enabling generation of insight, a general skill applicable to many
kinds of external representations.

“Constructive Perception in Design”

Suwa, M., Tversky, B. : 5th International Roundtable Conference on Computational and Cognitive Models of
Creative Design, (HIO1), (Dec. 2001)

Abstract: What mental abilities or skills enable creative processes in design? In light of recent studies on the
facilitatory roles of external representations in perception, problem solving and creative processes, we conjecture
that a crucial component of creative processes may be one form of cognitive interaction with external
representations. We call this constructive perception, the act of being self-aware of ways that perception underlies
interpretations of representations and reorganizing perception in a constructive manner to promote novel
interpretations. The present research demonstrates constructive perception in trained designers and laypeople.
Trained designers generated more novel interpretations of ambiguous drawings, and were less susceptible to
fixation than laypeople. These findings have implications for design education, and for fostering creativity.

“External Representations as a Physical Setting for Situated Development of Thoughts”

Suwa, M., Tversky, B. © 13th Annual Winter Conference on Discourse, Text and Cognition (Jan.2002)
Abstract: External representations such as diagrams, sketches, charts, graphs and even hand-written memos play
facilitatory roles in inference, problem-solving and understanding. How does the externality and visibility of
representations facilitate inference and problem-solving? The aspect shared by various functions of
externalization is that external representations are a static resource to help make inference easily and efficiently.
The present paper, however, intends to propose a statement that external representations are not just a static
resource, but rather, more importantly, serve as a physical setting for dynamic construction of new thoughts and
further development of them. What external representations provide is a situation in which new thoughts or even
new knowledge are constructed on the fly. In the past several years we have sought for empirical evidence for the
view that design sketches are a physical setting for an on-the-fly development of design ideas. We have examined
the cognitive processes of experienced designers using the technique of protocol analysis.

The findings we have obtained are the following. First, new design ideas was likely to be generated immediately
after seeing in one’ s own sketches new relations and features that were unintentional byproducts, which we call
detection of unintended relations and features. Moreover, the generation of new ideas, in turn, was likely to
become an impetus for further detection of unintended relations and features.

These findings raise the following research issue. How should people inspect their own external representations
in order to establish a co-generation of perceptual discovery and generation of new ideas? We conjectured that
establishing a co-generation of this sort requires a certain cognitive skill, what we call a skill of constructive
perception. It is to be self-aware of ways that perception underlies the current interpretations of external
representations and thereby to reorganize perception in a constructive manner to promote novel interpretations.
We found evidence suggesting that experienced designers are superior in this skill to laypeople.
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“The effects of word frequency for Japanese Kana and Kanji words in naming and lexical
decision: Can the dual-route model save the lexical-selection account? ”

Hino, Y., & Lupker, S. J. : Journal of Experimental Psychology: Human Perception and Performance, Vol.24,
pp-1431-1453, (1998)

The effects of word frequency were examined for Japanese kanji and katakana words in six experiments. The
sizes of frequency effects were comparable for kanji and katakana words in the standard lexical decision task. In
the standard naming task, the frequency effect for katakana words was significantly smaller than that for kanji
words. These results were consistent with the lexical-selection account of frequency effects offered by dual-route
models. Contrary to this account, however, frequency effects were smaller for katakana words than for kanji
words in go-no go naming tasks, in which participants were asked to name a stimulus aloud only if it was a word.
This frequency by script type interaction was not the result of using a go-no go task because the interaction
disappeared in the go-no go lexical decision task. These results pose a strong challenge for the lexical-selection
account of frequency effects offered by dual-route models.

2000
- EIBR R

“The effects of word frequency and spelling-to-sound regularity in naming with and without
preceding lexical decision.”

Hino, Y. & Lupker, S. J.: Journal of Experimental Psychology: Human Perception and Performance, Vol.26,
pp-166-183, (2000)

The effects of word frequency and spelling-to-sound regularity were examined using standard naming, standard
lexical decision, go/no-go naming, and go/no-go lexical decision tasks. In both the standard

and go/no-go naming tasks, tasks requiring phonological coding, a significant frequency by regularity interaction
was observed. That is, the regularity effect was limited to low frequency words. In the

standard and go/no-go lexical decision tasks, tasks not requiring phonological coding, no frequency by regularity
interaction was observed. These results indicate not only that the frequency by regularity interaction is a product
of phonological coding processes but also that these processes are similar in the standard and go/no-go naming
tasks. The results are discussed in terms of the dual-route and the parallel distributed processing frameworks.
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“The impact of feedback semantics in visual word recognition: Number of features effects in
lexical decision and naming tasks.”

Pexman, P. M., Lupker, S. J., & Hino, Y. : Psychonomic Bulletin & Review. (in press).

The notion of feedback activation from semantics to both orthography and phonology has recently been used to
explain certain semantic effects in visual word recognition, including polysemy effects (Hino & Lupker, 1996;
Pexman & Lupker, 1999) and synonym effects (Pecher, 2001). In the present research we tested an account based
on feedback activation by investigating a new semantic effect: number of features (NOF). Words with high NOF
(e.g., TIGER) should activate richer semantic representations than words with low NOF (e.g., TRUCK). Richer
semantic representations should facilitate lexical decision task (LDT) and naming task performance via feedback
activation to orthographic and phonological representations. The predicted facilitory NOF effects were observed
in both LDT and naming.

“Ambiguity and synonymy effects in lexical decision, naming, and semantic categorization
tasks: Interactions between orthography, phonology, and semantics.”

Hino, Y., Lupker, S. J., & Pexman, P. M. : Journal of Experimental Psychology: Learning, Memory and
Cognition.

(in press).

In this paper, we initially examined ambiguity effects in lexical decision, naming and semantic categorization
tasks. Whereas the typical ambiguity advantage was observed in lexical decision and naming, an ambiguity
disadvantage was observed in semantic categorization. These results are consistent with an account based on
feedback processes within a fully-interactive PDP system. This feedback account was examined in subsequent
experiments in which the question was whether there was a synonymy effect in these same tasks. A synonymy
effect (slower latencies for words with many synonyms than for words with few synonyms) was observed in
lexical decision and naming tasks, but not in semantic categorization. Based on these results, we conclude that 1)
the ambiguity advantage and the synonymy disadvantage in lexical decision and naming are due to semantic
feedback to orthographic and phonological codes, 2) an ambiguity disadvantage arises when a task requires
semantic processing, and 3) the effects of semantic feedback are determined by the nature of the feedback
relationships between semantics and orthography or phonology.
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