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研究成果の概要（和文）：本研究の目的は，コミュニティにおける人同士の関係のような抽象データを，図式的
路線図として可視化するための様々な手法を定式化することである．図式的地図を用いた視覚メタファーは，
我々の生活に既に根付いていることもあり，普通のネットワーク表現よりも可読性が高い可視化が実現できる．
しかし，そのためには可視化対象である抽象データを疎性化する必要があり，現状はデザイナーが恣意的に入力
データから重要な構造抽出し路線図として描いていた．本研究では，与えられた抽象データのネットワーク構造
を疎性化し，図式的路線図表現におけるレイアウトの美的基準を定式化することで，新たな情報可視化表現形態
を模索していく．

研究成果の概要（英文）：The objective of this research project is to formulate techniques for 
visualizing abstract data including relationships among people in the community with schematic 
railway maps.  Schematic railway maps based on visual metaphors are more likely to provide better 
readability of the abstract data due to its daily use in our life.  However, such visual 
representations based on railway maps have often been designed individually by expert illustrators 
because the connectivities of the input networks usually need proper simplification before being 
transformed into schematic representations.  In this research, we first transform the input abstract
 data into sparse representations and visualizing them as schematic railway networks.  This is 
accomplished by formulating aesthetic criteria for designing schematic railway networks, which also 
allows us to explore new techniques for visualizing abstract data based on network schematization.

研究分野：可視化，視覚モデリング

キーワード： 可視化　地図学　視覚メタファー　抽象データ　塑性化　地図設計原理

  １版



ū� Ħ� ȡȓȖȞ2ȢȓȖȞȓȖ2ȤȓȖȞ2ȡȣȓȖȞȐÔǤȑ�

ȖȔƛƣǺċĪÜuƿř 
 
  ¯Ǝ°ǉǲğpÝƋòǀsǶǪdā­Ƕu
ǟƶāþpYȒ¥§�§uā­ǶǟƶþuǑ
ǎíƈ?ĤAÝƋbio=gȒhifYòǗ
Ĳ?ȎWV_y�|tVǆƇTcoȒĺ3u
Ɗŷtcť¹WoWhȔǢģCue;sþĦ
Ɣǟƶþ?ȒƖ³ǼÈsruŀǛ�©�uò
ǋètĤAÝƋbihe;tsliȔÄYwȒ
ĤûsrpǊfihqr��¤§����YȒ
öǟƶ?��©�d�©}�£���¦©w
srȒ[TPuqr��¤§�tĔıcoW
hȔCue;sǟƶþk��@3<(cTc
oƋWhòǋèǆƇYȒĔǛǻuǼÈsru
��c!�1r�S�rkŋÅehȔ 
  c[cȒđȁtþĦƔǟƶþkòǋèǆƇ
TcoƋWhą÷ȒÒâŀǛ�©�TĴďb
ihǟƶþ���¦©wTuǻp�©�uň
ƳĲt=Bhwy!^3Z41CT?üȉT
shȔhuibȒē���¦©w[fG3J�
!li����w846Ec-n�'fMcȒ
eempþĦƔǟƶþTcoŊAu?Ƈƅp
9liȔ 
 
 
ȗȔƛƣuƕƔ 
 
şƛƣuzyYȒ¬ǣue;sŀǛ�©�[
f~RytƑ���¦©wŪǥkŀÙcȒV
_y�|V'��@3<(c���u1�ò
ǋèĽųuŪƪt9hȔşƛƣuľǅƔsǘ
ȉYȒy846Ec-[fŪĹbihŀǛ�
©�kȒǟƶþtǬciw846Ec-Ūǥ
tćŌehCTt9hȔCCpYȒ centrality
kƋWoȒ���¦©wuŪĹǉƮp9h�
©�ds�~kǬĐßǾcȒ���¦©w�
�¥~©uƫìèkǄ;ȔhcoȒƫìèb
ii���¦©wuw¡��Ūǥkw846
Ec- YgcȒþĦƔǟƶþTcoǬÛt
ǳƻehibu��Ts'j� [_Sco
WAȔbftȒĮfiiþĦƔǟƶþǳƻk
ăƜtȒū3sĳĄòǋèľųkĕÒcoȒ
eg�rn!�1�©�uòǋèkđƇehȔ 
 
 
ȘȔƛƣuŔų 
�
��şƛƣǎƍpYȒ����Ƭ���¦©w
ŪǥuŀÙȒ����þĦƔǟƶþǑǎăž
uďĦèȒ����þĦƔǟƶþtănAò
ǋèǆƇuŪƪuȘPuāþòǋèüȉkȒ
ȗģǻuƛƣŞǻt=WoðgưlpǄAȔ
ƄtȒĢĹȗȜģĥt_I����T����
tƘĽcȒĢĹȗȜģĥƯjg[fĢĹȗȝ
ģĥt[BoȒǘȉȠȑTǘȉȡȑuő÷Ĳk
Êńcs?fȒ����tðgưaCTte
hȔ_iȒĢĹȗȝģĥĬët=WoYȒÓÂ
uƛƣƴŃkǧbhTTctȒŪƪciǟƶ
þ���m©kƋWiŀǛ�©�uòǋèĽ
ųuũǒTǓÇkȒ�©|tehũǒđȍd

ŴǋƀǎŽǇƻtegǎŽbihòǋèƍÏ
¬uŴǋƀÚĠkǍŢehCTpǄloWAȔ
öǘȉtPWoY»­ue;tǧboWAȔ�
��_IȒ����tPWoYȒŀǛ�©�tĔ
ıeh���¦©wŪǥkƫìèehibuȒ
s�~uǵ`Ìp9h � �� �)���
�
�� !I
1k'il�ehȔ!#)KI�(&K1�YȒ�©}�
£���¦©wsrt=BhŀǛ�©�Ūǥ
uƄįŀÙsrtƋWfioWh?ȒCCp
YƄtþĦƔǟƶþuibuƑ���¦©w
ŪǥkŀÙehibuǪÕTcoƋWhȔů
tȒCu !#)KI�(&K1�kƋWi ����846E
c-2A!-B13fMkǄs;ȔCuűǿ
pȒ9hªďËŐuw¡��ǰÚkcP��
�¦©wŪǥ]uƫìèkđƇehȔśĬtȒ
ŀÙbiiw¡��ǻu ����:= ]b�C
9c7'q[ciukȒöw¡��tú_i
h�©�kȒǟƶþt=Bhöǟƶ¬t×ǳ
ƻehCTpȒ����V_y�|V!�"!w
846Ec-n{kǄ;Ȕ�
������t=WoYȒ_IþĦƔǟƶþk
ƊĹehibu���¦©wuÜŞǳƻkȒ
� ��;8A5a #C�})a/C2?kÝ
ƋehCTpǎƧehȔhuĬȒo�B>a
!�}cúboȒ����V_y�|Vtd!�
"!��Xp'[_ScȒŻ÷őŐǎƍüȉ
uÞƭTcoĕÒehCTpȒòǗĲuȎW
þĦƔǟƶþ���m©kđƇcoWAȔ�
������tǼcoYȒÑtĮfiiþĦƔ
ǟƶþǳƻkȒ	 ��3.-B+7T 	���vK
A0*-NPtćŌehǑǎăžuďĦèk
Ǆs;ȔCCpYȒþĦƔǟƶþkǋǌ��
�m©TcoƋWiȒśǬs�v��ïyƍ
Ïu¤pnq�kđƇehn£{¢��kď
ĦèehTTctȒ����t=BhþĦƔ
ǟƶþuǑǎăžuîƽTehȔäYoȒþ
ĦƔǟƶþkÝƋciȒȃ÷uƖ³ǼÈkǆ
Ƈeh 	���,*BcVu¤pnq�uďĦè
tPWoũǏcoWAȔ�
�
�
șȔƛƣĹţ�
�
»­ȒàƨuƛƣuŔųt=Woǣ^iĽȅ
kǨǄehǩơt=WoĮfiiË3uƛƣ
ĹţtPWoƝeȔŕƒǆuƛƣĹţtǼc
oYȒa��Cx��h�!]bc÷jgo
ƝeȔ�
�
�
șȔȖȔ�©�¡�£uǵsguŇǾeh�
��¦©w¤pnq��
�
��Cuƛƣt=WoYȒªǁƔsŀǛ�©�
TcoĮfih���¦©w¤pnq�üȉ
t=WoȒÐ3u���¦©wu¤pnq�
kÊńcs?fȒhu�©�t�v��B>
a'��B��PB`�CibuȒ¤pnq
�ǎƧĽųkŪƪciȔCCpYȒ���¦
©w�©�uǵİ�¥�pÚá[fĮfih�



¤pnq�kȒ�©�aTtǬıƔtîƂe
hCTpȒƤǻæƆkǵǋci���¦©w
¤pnq�kĮhn£{¢��kŪƪcoW
h�ƒǆǚŒ:
�,�	ȔþȖYȒşƛƣpĮfi
i���¦©w¤pnq�uÄkƝcoWhȔ
şƛƣuǩơt=WoȒ���¦©wuǿę
èuǎƧkǄ;ibuăƜƔsĽųcĮhC
TtĹãciȔ�
�
�
șȔȗȔǶǪǟƶþ¤pnq�uȎĥè�
�
��şƛƣpYȒǶǪǟƶþ¤pnq�t=W
oȒƄįƔs��¥~©kcPǰÚkæţƔ
tþĦèehœisďĦèkŋŧciȔÕÂ
ƔtYȒǹǟkcPƄďuǶǪǟƶtĔcoȒ
ĭŠƋWfio]iőŐǎƍųuďĦèkæ
ţƔtłĨcȒÖƉƅuþĦèǆƇtćŌe
hCTtĹãci�ƒǆǚŒ:-�	ȔþȗYȒh
ue;sďĦèpĮfihÖƉƅuþĦƔǟ
ƶþǆƇuÄkƝcoWhȔ�
��şǚŒunp�nYȒbftu¢v�¡�
t=BhƠƕǻuÆčǼÈȒbftY���
¦©wt=Bh��uǿęǼÈsruþĦƔ
òǋèǆƇkƊĹehn£{¢��ďĦèu
ăƜTsli�ƒǆǚŒ:(�	Ȕ�
�
șȔȘȔǶǪǟƶþ���m©uŪƪ�
�
��şƛƣpYȒ®Yfii���¦©wkǈ
Őuw¡��tÚácȒöw¡��kȃ÷T
TfYhifuǵsgkǓÇehCTpȒt
p¡©þue;sȃ÷uƖ³ǼÈkǆeþt
ĔıehƑĲèbii���¦©wǆƇkď
ĦèciȔÕÂƔtYȒ���¦©wus�

~T�©�u� #KM##))#--�!#)KI�(&K1�kǎ
ƧcȒǬĐx¡�uƹƭkǞCeCTpȒǵ
sgu9hw¡��kŀÙcoWhȔCit
egȒ½ĵu���¦©w�©�kȒǟƶþ
���m©kƋWoþĦƔsǆƇtćŌeh
CT?òǀTshȔþȘYȒ¤¨��¡�£u
ĻŚt=WoȒruƓą¶ƃ?øŘtƇih
[kǆci���¦©wkȒǶǪǟƶþTc
oǆƇciƲţkƝcoWhȔCuƲţYȒ
Ñu���¦©w¤pnq�uw¡��ǍŢ
tcłĨcoWhCTk¹ǐeh�ƒǆǚŒ
:
�,�	Ȕ��

� �
��	� � 	�

þȘ.� ǶǪǟƶþ���m©tehŀǛ�
©�òǋèuÄ��	ĻŚ4¤¨��¡�£Ru
Ɠą¶ƃuøŘÙƇǼÈkǆci���¦
©wȔ� 	huǶǪǟƶþ���m©kƋW
iòǋèȔ�

�
�
șȔșȔ�xw¡q�āþuśǬè�
�
��ǶǪǟƶþ���m©kƋWiǋǌǆƇk
bftȎĥèehibȒªǁƔsāþk­ā
tci�xw¡q�ŪƪĽųuŪƪkǄliȔ
CCpYȒāþÓÂkŦČƅuĖŰŔīȇĂ
tÚácȒ�v����x	kŦČtŲloƸ�

� �

��	� � 	�

� �
�!	� �"	�

þȖ.���¦©w¤pnq�t=Bh�
©�¡�£uǵsguŇǾȔ��	p£uu
�©}�£���¦©wuâĎ��£¤
pnq�Ȕ� 	�©�¡�£uǵsguŇ
ǾȔ�!	���¦©wuw¡��ÚǍȔ�"	
w¡��ÚǍkƽĶci�©�¡�£u
ǵsguŇǾȔ�

� �

��	� � 	�

�

�!	�

þȗ.qo©§uā­Ƕǟƶþu=Bhǹ
ǟƅuƱǟkÖƉƅtþĦèciÄȔ��	ā
ƈƔ¤pnq�Ȕ� 	ǤġuþĦè¤pnq
�Ȕ�!	ÖƉƅuþĦ¤pnq�T°ǉȋu
ŴǴ¤�£ǳƻ�



�

þș.�ƟĜƗuāùkƋWi�xw¡q�
ƊĹ²ÄȔ�

ŬtǳƻehCTTcȒǟƶþsruǆƇ[
fĒŗt�xw¡q�ǆƇtćŌp]he;
tcoWhȔ�v��uđȁuǳƻuśǬè
ǎƧYȒǮ¿Ɣn£{¢��kƋWoǄlo
=gȒ�v��ǻtȀǻ?ƊdsWe;tȒ
_i�v��uǳƻ?­āuāþuǡǱtŲ
;e;tȒz��ǼŐuďĦètĞĉkäY
oWhȔþșYȒŪƪciĽųpÕÂƔtÃ
Ĺci�xw¡q�āþkƝcoWhȔ�
�
�
șȔȚȔāþt=Bhāù�v��¡�£u
śǬǳƻ�

��Ñu�xw¡q�āþuĽųkłĨcoȒ
āùsru�v��¡�£kȒāþuƹĘu
ćèt=WocȒƥƁźſ¨ÙƇcigȒąļ
?ȊlMgcsWe;tǳƻehĽųuŪƪ
kǄli�ƒǆǚŒ:	�
�	ȔCuĽųt=Wo
cȒǮ¿Ɣn£{¢��kĞĉehCTpȒ
āþt=BhæţƔsāù¡�£ǳƻĽųu
ďĦètĹãcoWhȔþȚYȒāþuƹĘ
ućètȆÍsāþ¡�£ǳƻuÄkƝco
WhȔ�
�
�
șȔțȔāþt=BhŴƕȇĂuøď�
�
��āþ?rue;tǊhÎuǋǌŴĵkǖĕ
eh[YȒāþ���m©kƋWiǋǌǆƇ
Ūƪt=WoǵǉsƙǊkŋÅehȔşƛƣ
pYȒāþtƄèciǋǌŴĵǖĕu��£
�ƒǆǚŒ:��	ȒbftYāþkúaªǁƔs
þĦƔǋǌǆƇ?Ȓrue;t�©|uǋǌ
Ŵĵkǖĕeh[�ƒǆǚŒ:)�	tPWoȒ
Ƣ3uƲţkĮiȔþțYȒhue;sƛƣ
ƲţuÄkƝcoWhȔ�

� �
��	� � 	�

� �
�!	� �"	�

þț.��xw¡q�ƍÏuǋǌŴĵǖĕȔ
��	ÒâƍÏTǋǌŴĵǖĕ±ďǰÚ�ô
¬	Ȕ� 	ǋǌŴĵǖĕuibuƍÏĩǙØ
ƈƲţȔ�!	ÒâƍÏuŴǋƀǎŽƲţȔ
�"	ĩǙƍÏuŴǋƀǎŽƲţȔƵ�ȏ�ǝ
uȅtŴǋŘǻ?ǷAsloWhCTkƝ
co=gȒĩǙƍÏYô¬tǋǌŴĵkǖ
ĕp]oWhCT?j[hȔ�

�
�
ȚȔ°sƒǆǚŒƦ�
Ȑƛƣºǆƾ2ƛƣÚŁƾïyǦōƛƣƾt
Y­ƶȑ�
 
SȄǕǚŒTȐǎ 8 ¼ȑ 
 
[1] Hsiang-Yun Wu, Shigeo Takahashi, 

Sheung-Hung Poon, and Masatoshi 
Arikawa. Introducing Leader Lines into 
Scale-Aware Consistent Labeling, in 

�

�

�

þȚ.�Ŗşāþt=BhƹĘuǫWteh
āù¡�£uǳƻĽųuƲţÄȔ¬[f­
tāþkłĈcoWhȔ�



Advances in Cartography and 
GIScience: Selections from the 
International Cartographic Conference 
2017, Springer, pp. 117-130, 2017. 
DOI: 10.1007/978-3-319-57336-6_9 
 

[2] Hsiang-Yun Wu, Shigeo Takahashi, 
Sheung-Hung Poon, and Masatoshi 
Arikawa. Scale-Adaptive Placement of 
Hierarchical Map Labels, in Short 
Paper Proceedings of the 19th 
Eurographics Conference on 
Visualization (EuroVis2017), pp. 1-5, 
2017. 
DOI: 10.2312/eurovisshort.20171124 
 

[3] Hsiang-Yun Wu, Shigeo Takahashi, 
Hiroko Nakamura Miyamura, Satoshi 
Ohzahata, Akihiro Nakao. Inferring 
Partial Orders of Nodes for 
Hierarchical Network Layout, Journal 
of Imaging Science and Technology, pp. 
60407-1-60407-13(13), Vol. 60, No. 6, 
2016. 
DOI: https://doi.org/10.2352/J.ImagingS
ci.Technol.2016.60.6.060407 

 
[4] Kouhei Yasuda, Shigeo Takahashi, 

and Hsiang-Yun Wu. Enhancing 
Infographics Based on Symmetry 
Saliency, in Proceedings of the 9th 
International Symposium on Visual 
Information Communication and 
Interaction (VINCI 2016), pp. 35-42, 
2016. 
DOI: 10.1145/2968220.2968224 

 
[5] Rie Ishida, Shigeo Takahashi, 

and Hsiang-Yun Wu. Adaptive Blending 
of Multiple Network Layouts for 
Overlap-Free Labeling, in Proceedings 
of the 20th International Conference on 
Information Visualisation (iV2016), pp. 
15–20, Jul. 19-22, 2016, Lisbon, 
Portugal. 
DOI: 10.1109/IV.2016.25 

 
[6] Fumiya Sato, Hsiang-Yun Wu, Shigeo 

Takahashi, and Masatoshi Arikawa. 
Extracting important routes from 
illustration maps using kernel density 
estimation, in Proceedings of 
International Symposium on Smart 
Graphics 2015, Aug. 26-28, 2015, 
Chengdu, China. Vol. 9317 of Springer 
Lecture Notes in Computer Science, pp. 
167-174, 2017. 
[Best short paper award] 
DOI: 10.1007/978-3-319-53838-9_14 

 

[7] Rie Ishida, Shigeo Takahashi, 
and Hsiang-Yun Wu. Interactively 
Uncluttering Node Overlaps for 
Network Visualization, in Proceedings 
of the 19th International Conference on 
Information Visualisation (iV2015), pp. 
200–205, Jul. 21-24, 2015, Barcelona, 
Spain. 
DOI: 10.1109/iV.2015.44 
 

[8] Hsiang-Yun Wu, Sheung-Hung Poon, 
Shigeo Takahashi, Masatoshi Arikawa, 
Chun-Cheng Lin, and Hsu-Chun Yen. 
Designing and Annotating Metro Maps 
with Loop Lines, in Proceedings of the 
19th International Conference on 
Information Visualisation (iV2015), pp. 
9–14, Jul. 21-24, 2015, Barcelona, 
Spain. 
DOI: 10.1109/iV.2015.14 

 
�
SĎ¾ƒǆTȐǎ 10 ¼ȑ 
�
1. Ȏŭ ĹȂȔĳĄòǋèt=BhśǬè

��£uďĦèȔŖşŮŨĎ¾ȒǎƧ
âĎǰǸ ǑǎĳĄȌçĎ¾Ȕ
�	, ģ (
Ŝ 
 ŖU� ŖȒǂĚ�ƖŵǽȒ«ŸǯȒ
ƞĊĝƗȔ  

 
2. Hsiang-Yun Wu, Ȏŭ ĹȂ, Sheung-

Hung Poon, ŝĝ ŰÉ. Ɛsh�y
©£čĀƩýkcPāþ¡�£uª
ǜĲkÊńciǳƻ, CSIS DAYS 
20164ÓÿÔøÝƋƛƣƒǆĈ¾R, 
2016 ģ 11 Ŝ 17 ŖU18 Ŗ, šµĈĎ, 
Ťğ, êǂƗ.  

 
3. Shigeo Takahashi, Schematizing 

Graphics for Visual Understanding, 
The 8th International Conference on 
Graphics and Image Processing 
(ICGIP2016), Oct. 29-31, 2016, 
Shinjuku, Tokyo. (Invited talk) 

 
4. Áǃ óħ, ŝĝ ŰÉ, Hsiang-Yun 

Wu, Ȏŭ ĹȂ, ·´ Ź. p¡��āþ
ǗƾuǋǌƔŴƕƀu}��¤©} 
§Ľų, ŖşāþĎ¾ ďŞĈ¾ ñȈƒ
ǆ, 2016 ģ 8 Ŝ 8 ŖU10 Ŗ, ėđĈ
Ď¨ėđƚŞĈĎv�§��, ěĚ
ğ, ěĚƗ. 

 
5. Ȏŭ ĹȂ, Hsiang-Yun Wu, Sheung-

Hung Poon, ŝĝ ŰÉ. Ĕǔāþuƹ
ĖƷȃŎÃt=BhǠÀTðŅǭĿn
£{¢��uđƇ, CSIS DAYS 2015
4ÓÿÔøÝƋƛƣƒǆĈ¾R, 2015
ģ 11 Ŝ 19 ŖU20 Ŗ, šµĈĎ, Ťğ, 
êǂƗ. 



 
6. Ȏŭ ĹȂ, Hsiang-Yun Wu, Sheung-

Hung Poon, ŝĝ ŰÉ. ǦƳ�y©£
t=Bhāþ¡�£ǳƻuśǬè, 
CSIS DAYS 20154ÓÿÔøÝƋƛƣ
ƒǆĈ¾R,  2015 ģ 11 Ŝ 19 ŖU20
Ŗ, šµĈĎ, Ťğ, êǂƗ.  

 
7. Shigeo Takahashi, Egocentric Design 

in Geospatial Mapping, 1st IEEE 
International Sympoisum on Big Data 
Visual Analytics, Sep. 22-25, 2015, 
Hobert, Tasmania, Australia. (Invited 
talk) 

 
8. Shigeo Takahashi, Formulating 

Optimization Models for Visual 
Computing, International Symposium 
on Smart Graphics 2015, Aug. 26-28, 
2015, Chengdu, China. (Invited talk) 

 
9. Ȏŭ ĹȂ, Hsiang-Yun Wu, Sheung-

Hung Poon, ŝĝ ŰÉ. ǦƳ�y©£
t=Bhāþ¡�£uðŅǭĿ, Ŗşā
þĎ¾ ďŞĈ¾ ñȈƒǆ, 2015 ģ 8
Ŝ 5 ŖU7 Ŗ, ŖşĈĎƱżĎǰ, êº
ƌé, šµ.   

 
10. Áǃ óħ, Hsiang-Yun Wu, Ȏŭ Ĺ

Ȃ, ŝĝ ŰÉ. u©�£ēĥŉďkÝ
Ƌcip¡��āþt=Bhǵǉ£©
�uŀÙ, ŖşāþĎ¾ ďŞĈ¾ ñȈ
ƒǆ, 2015 ģ 8 Ŝ 5 ŖU7 Ŗ, ŖşĈĎ
ƱżĎǰ, êºƌé, šµ.  

�
�
Shu¸T�
�©��©~Ʀ�
%KKH.��MMM�K�'�(� �*IA��
�
țȔƛƣưƺ�
�		ƛƣºǆƾ�

� Ȏŭ ĹȂȐ6/2/0/501�5%&A#*ȑ�

¾ŶĈĎ¨z§��©�ƈĞĎǰ¨ŏņ�

� ƛƣƾƏõȟșȕȗȞȗțȖȞ�

�
�
	ƛƣÚŁƾ�

� ŝĝ ŰÉȐ/412/8/�3�-�K*-%&ȑ�

šµĈĎ¨ƤǻĳĄƠĎƛƣ�§�©¨Ƅ

½ŏņ�

� ƛƣƾƏõȟ�ȘȕȗȕȖȚȖȕ�

� �

�(	Ǧōƛƣƾ�

  吳 湘筠Ȑ87�0-&�)A��/)ȑ�

ķĸƼĆĈĎ¨ƈĞĎǰ¨Ƅ½åŏ 
� ƛƣƾƏõȟ� ȕȕȜȕțȜșȞ�

�

�

�

�

�

 


