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COP

[s] 

COP

[%] 

COP

[%] 

COP

[s] 

COP

[%] 

M-N  

M 0.11 0.37 74.0 
61.6 

0.10 0.18 73.3 

N 0.07 0.22 76.3 0.15 0.36 82.4 

 

(O-G) 

O 0.00 0.11 48.2 
34.6 

0.03 0.06 73.9 

G 0.02 0.09 65.6 0.17 0.26 90.9 

 

Z-F  

Z -0.04 0.13 38.1 
24.5 

0.11 0.11 97.7 

F -0.01 0.12 57.0 0.08 0.12 77.7 

 

(K-I) 

K 0.00 0.02 57.7 
26.3 

0.07 0.15 73.5 

I  -0.01 0.05 39.1 -0.02 0.06 25.3 

5.3
Table 5.3 The average precursor time of COP, the percentage of periods which COP 

precedes the hand  
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Figure 5.17  Standard deviations of cycle and amplitude in each pair 
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Figure 5.18 Precursor time of COP 

5.19
Figure 5.19 Cycle variation of hand motion 



 

-96- 
 

O M
COP

5.18 (a) 5.19 (a)
N M N O

COP
5.18 (b)(c)

5.19(b)(c)

 

COP

2
 

N

COP

 

 
 

 

 
(1) 

 



 

-97- 
 

 
(2) 

 

 
(3) 

COP

COP

 

 
(4) 

10

 
 

COP



 

-98- 
 



 

-99- 
 

 
1

COP

 

 

 

[92]
[93]

[94][95]

 

 

 

1



 

-100- 
 

 

2

6.1  

 
 
 
 
 

 
 
 
 
 

 
 700[mm]  
 2.5[m/s]  

 10[Kgf]  
  
  

 

6.2
[50mm 36mm 130mm] 990[mm]

6.1
Figure 6.1 Transmission of hand motion though grips  
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Figure 6.3 The detail of drive unit 
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Figure 6.8 Performance of parallel control with hybrid servomechanism
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Figure 6.9 Measuring result of expressive motion by skilled person 
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Figure 6.13 Measuring result of body movements under each condition 
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Figure 7.1  The proposed support method for creative communication in remote space 



 

-121- 
 

 
(i) COP

 
(ii) COP

 
7.2  

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

COPCOP

A B

++

7.2
Figure 7.2  The proposed support method for creative communication between 

people in remote 



 

-122- 
 

 

Berti

[44]

[64]
 

[96][97]

[96]

 

 

 

COP
COP

5.3.2 COP



 

-123- 
 

COP

COP

 

 

7.2.1 7.2.2
 

 

COP 7.3(a)

7.3(b) COP

 



 

-124- 
 

  

  

 
 
 

l

l

A Virtual

A B

7.3 
Figure 7.3 Diagram of proposed methods in this study 

COP

COP COP

A B

A B



 

-125- 
 

 
 

 
(1)  

 

 
(2)  

 

COP



 

-126- 
 

 

 
(3)  

COP

 

5.14

 

 
(4)  

COP

COP

 
COP



 

-127- 
 

 
COP 3

 

 
(5)  

1

 

 



 

-128- 
 



 

-129- 
 

[1] (2012). 
[2] Facebook, Inc.: Facebook; http://www.facebook.com/. 
[3] : mixi; http://mixi.jp/. 
[4] Twitter, Inc. : Twitter; https://twitter.com/. 
[5] Linden Research, Inc ; http://secondlife.com/ 
[6] X http://www.dqx.jp/ 
[7]  (2007) 
[8] 

(2003). 
[9]  SNS

http://www.c-gp.com/press/2012/pdf/2012032903.pdf (2012). 
[10] LINE

https://www.fast-ask.com/report/report-undergraduate-line-20130620.ht
ml (2001). 

[11]  (2004). 
[12]  (2009). 
[13]  (2009). 
[14] NTT  (2000). 
[15]  (2003). 
[16] Sellen,A.J.: Speech patterns in video-mediated conversations; Proc. of 

CHI’92, pp.49-59 (1992) 
[17] D. Nguyen, J. Canny: MultiView: Improving Trust in Group Video 

Conferencing Through Spatial Faithfulness; CHI’07, pp.1465-1474 (1992) 
[18] Kuzuoka, H., Kosuge, T., and Tanaka, M.: GestureCam: A Video 

Communication System for Sympathetic Remote Collaboration; Proc. of 
CSCW'94, pp.35-43 (1994) 

[19] Sigurdur Orn Adalgeirsson: Mebot, a robotic platform for socially embod- 
ied telepresence; In Proceedings of the fifth ACM/IEEE International 
Con- ference on Human-Robot Interaction (HRI-10). ACM/IEEE 
International, (2010). 

[20] Tadakazu Kashiwabara, Hirotaka Osawa, Kazuhiko Shinozawa, Michita 
Imai: TEROOS: A Wearable Avatar to Enhance Joint Activities; In 



 

-130- 
 

Proceedings of the 30th International Conference on Human Factors in 
Computing Systems (CHI 2012), pp.2001-2004 (2012).M.

 (1982). 
[21] ,H.  Thinking in 

action  (2002)  
[22] Head H, Holmes G. :Sensory disturbances from cerebral lesions; Brain ,34, 

pp.102-245. (1911) 
[23]   (2003). 
[24]  (1992). 
[25]  (1993). 
[26]  (1963). 
[27] Botvinick, M., & Cohen, J. : Rubber hands 'feel' touch that eyes see; 

Nature, 391, 756 (1998) 
[28] B.Lenggenhager, T. Tadi, T. Metzinger, Olaf Blanke: Video Ergo Sum: 

Manipulating Bodily Self-Consciousness; 317, pp.1096-1099, (2007). 
[29] HH Ehrsson: The experimental induction of out-of-body experiences, 

Science, 317, p.1048 (2007). 
[30]  : 

, Vol.14, p.217 -226 (2012). 
[31] Armel, K. C., & Ramachandran, V. S.: Projecting sensations to external 

objects: evidence from skin conductance response; Proceedings of the 
Royal Society, B, Biological Sciences, 270, pp.1499-1506 (2003). 

[32] Tsakiris, M., & Haggard, P.: The rubber hand illusion revisited: 
Visuotactile integration and self-attribution; Journal of Experimental 
Psychology. Human Perception and Performance, 31(1), pp.80-91. (2005). 

[33] Iriki, A., Tanaka, M., Iwamura, Y.: Coding of modified body schema 
during tool use by macaque postcentral neurons; Neuroreport, Vol. 7, 
pp.2325-2330 (1996). 

[34] A. Maravita, A. Iriki  Tool for body (schema), Trends in Cognitive 
Sciences Vol.8 No2, pp.79-86 (2004). 

[35] Short, F., Ward, R.: Virtual Limbs and Body Space: Critical Features for 
the Distinction Between Body Space and Near-Body Space. Journal of 
Experimental Psychology; Human Perception and Performance, 35, 4, 
pp.1092-1103. (2010). 

[36] Hari, R., & Jousmaki, V.: Prefernce of personal to extrapersonal space in 
visuomotor task; Journal of Cognitive, (1996). 

[37] K. Kilteni, J. M. Normand, M. V. Sanchez-Vives, M. Slater: Extending 



 

-131- 
 

Body Space in Immersive Virtual Reality: A Very Long Arm Illusion; PLoS 
ONE, Vol. 7, Issue 7, e40867 (2012). 

[38] S. Yamamoto, S. Kitazawa: Reversal of subjective temporal order due to 
arm crossing, Nature Neuroscience, Vol. 4, No. 7, pp.759-765 (2001). 

[39] S. Yamamoto, S. Kitazawa: Sensation at the tips of invisible tools, Nature 
Neuroscience, Vol. 4, No. 10, pp. 979-980 (2001). 

[40] S. Moizumi, S. Yamamoto, S. Kitazawa: Referral of tactile stimuli to 
action points in virtual reality with reaction force; Neuroscience research: 
the official journal of the Japan Neuroscience Society, 59(1), 60-67 (2007). 

[41] A. Tajadura-Jiménez, A. Väljamäe, I. Toshima, T. Kimura, M. Tsakiris 
and N. Kitagawa: Action sounds recalibrate perceived tactile distance; 
Current Biology, Vol 22, No 13, R516-R517 (2012). 

[42] Gallagher, S.: Philosophical conceptions of the self: Implications for 
cognitive science; Trends in Cognitive Science, 4, 14–21 (2000). 

[43] S. J. Blakemore, C. D. Frith, D. M. Wolpert: Spatio-Temporal Prediction 
Modulates the Perception of Self-Produced Stimuli; Journal of Cognitive 
Neuroscience 11:5, pp.551–559 (1999). 

[44] A. Berti, F. Frassinetti: When Far Becomes Near: Remapping of Space by 
Tool Use, Journal of Cognitive Neuroscience 12:3, pp. 415 – 420 (2000). 

[45] Valeria I. Petkova, H. Henrik Ehrsson: If I Were You: Perceptual Illusion 
of Body Swapping; PLoS One, Volume 3, Issue 12, e3832 (2008). 

[46] Condon, W. S.: An analysis of behavioral organization; Sign Language 
Studies, 13, pp.285-318 (1976). 

[47] Condon, W.S. and Ogston, W.D.; A Segmentation of Behavior; J. Psychiat. 
Res. 5, pp. 221-235 (1967). 

[48] 
; Vol.39 No.5 pp.1225-1231 

(1998). 
[49] T. Watanabe, M. Okubo and H. Ogawa, “An Embodied Interaction Robots 

System Based on Speech”, Journal of Robotics and Mechatronics, Vol.12, 
No.2, 2000, pp.127-135 

[50] 
, Vol.1, No.2, pp.14-18 (1999). 

[51] 
Vol.5 No.1, 

pp.215-223, (2003). 
[52] Itai,S., Miwa,Y.: Creation and co-share of "Maai" by the interface 

employing the embodiment; Proceedings of the 2004 IEEE International 



 

-132- 
 

Workshop on Robot and Human Interactive Communication, pp.193-198, 
(2004). 

[53] , Vol.51, No.11, 
pp.1059-1063 (2012). 

[54] Noy L, Dekel E, Alon U: The mirror game as a paradigm for studying the 
dynamics of two people improvising motion together; Proceedings of the 
National Academies of Sciences, USA, 108(52):20947-52 (2011). 

[55] Brave, S., Ishii, H., and Dahley, A.: Tangible Interfaces for Remote 
Collaboration and Communication; Proc. of CSCW'98, ACM Press, 
pp.169-178 (1998). 

[56] 
Vol.5 No.2, pp.197-204 (2003). 

[57] 

Vol.6 No.3, pp.295-305 (2004). 
[58] S. Wesugi and Y. Miwa: “Lazy Susan” Chair Communication System for 

Remote Whole-Body Interaction and Connectedness, Proceedings of the 
Third IASTED International Conference Human-Computer Interaction, 
pp.93-99, (2008). 

[59]  
2005(4), pp.353-354 (2005). 

[60] 
  2012 Vol.3 1EXB05

(2012). 
[61] 

7(4) pp.497-505, (2005). 
[62] 

7(3) pp.311-318, 
(2005) 

[63] Miwa Y., Ishibiki C.: Shadow Communication: System for embodied 
interaction with remote partners; Proceeding of CSCW 2004, pp.467-476, 
(2004). 

[64] ; pp237-260 (2007). 
[65]  (2006). 
[66] Bonfiglioli, C., Pavani, F., Castiello, U.: Differential effects of cast 

shadows on perception and action; Perception, 33, pp.1291-1304 (2004). 
[67] Y. Miwa, S. Itai, T. Watanabe, K. Iida, H. Nishi: Shadow Awareness - 

Bodily Expression Supporting System with Use of Artificial Shadow -; 



 

-133- 
 

Information Systems and Applications, incl. Internet/Web, and HCI , 
Vol.5611,No.912,pp.226-235 (2009). 

[68] F. Pavani, U. Castiello :Binding personal and extrapersonal space 
through body shadows; Nature Neuroscience Vol.7, pp14 - 16 (2003). 

[69] F. Pavani, G. Galfano: Self-attributed body-shadows modulate tactile 
attention; Cognition, 104, pp.73-88 (2007). 

[70] Spence, C., Pavani, F., & Driver, J.:  Cross-modal links between vision 
and touch in covert endogenous spatial attention; Journal of 
Experimental Psychology, Human Perception & Performance, Vol.26, 
pp1298-1319 (2000). 

[71] A, Maravita., C, Spence., S, Kennett., J, Driver.: Tool-use changes 
multimodal spatial interactions between vision and touch in normal 
humans; Cognition , Vol.83, pp.B25-B34 (2002). 

[72] http://homepage3.nifty.com/inclusive-dance/ 
[73] 25

pp.206-208 (2004). 
[74] 

 (2003). 
[75]  

LITHON, pp.87-107 (2012). 
[76]   (2009). 
[77] T. Naemura, T. Nitta, A. Mimura, H. Harashima: Virtual Shadows in 

Mixed Reality Environment Using Flashlight-like Devices; Trans. Virtual 
Reality Society of Japan, Vol.7, No.2, pp. 227-237 (2002). 

[78] Nicholas P. Holmes: Does tool use extend peripersonal space? A review 
and re-analysis; Experimental Brain Research, Volume 218, Issue 2, pp 
273-282, (2012) 

[79] Fish,R. Kraut,R. and Chalfonte,B.: The videowindow system in informal 
communication, Proc. of CSCW'90, Heath, C. C., Luff. P. K.: Disembodied 
Conduct: Communication Therough Video in a Multi-Media Office 
Environment; Proceedings of the SIGCHI conference on Human factors in 
computing pp99-103, (1991).  

[80] Okada, K., Maeda, F. Ichikawa, Y., Matsushita, Y.: Mulyiparty 
Videoconferencing at Virtual Social Distance: MAJIC design; Proceedings 
of CSCW'94, pp.385-393 (1994). 

[81] Hirata, K., Harada, Y., Takada, T., Aoyagi, S., Shirai, Y., Yamashita, N., 
and Yamato, J.: The t-Room-Toward the Future Phone, NTT Technical 
Review, Vol.4, No.12, pp.26-33(2006). 



 

-134- 
 

[82] Yamashita, J.,Kuzuoka,H.,Yamazaki,K.,Yamazak,A.: Agora: Supporting 
Multi-participant Telecollaboration; Proc. of HCI International 1999, 
Vol.2, pp.543-547 (1999). 

[83] 
54 4 pp.1152-1162 

[84] S. Minatani, I. Kitahara, Y. Kameda, Y. Ohta: Face-to-Face Tabletop 
Remote Collaboration in Mixed Reality; ISMAR '07 Proceedings of the 
2007 6th IEEE and ACM International Symposium on Mixed and 
Augmented Reality, pp1-4 (2007). 

[85] Ishii, H., Kobayashi, M. and Grudin, J.:  Integration of Interpersonal 
Space and Shared Workspace: ClearBoard Design and Experiments, ACM 
Transactions on Information Systems, Vol.11, pp.349-375 (1993) 

[86] Morikawa,O., Maesako,T.: HyperMirror Toward Pleasant-to-use Video 
Mediated Communication System, Proc. of CSCW'98, pp.149-158 
(1998).Paulos, E., Canny, J.: Social Tele-Embodiment: Understanding 
presence; Autonomous Robots vol.11, pp.87-95 (2001). 

[87] 
www.solidray.co.jp/product/eizou/screen.html 

[88] 
Vol.6, No.3, pp.333-341 (2004). 

[89]  (2000). 
[90] , , , , ( )

 ( )  (2006). 
[91] Clark RA, Bryant AL, Pua Y, McCrory P, Bennell K, Hunt M.: Validity and 

reliability of the Nintendo Wii Balance Board for assessment of standing 
balance; Gait Posture, Vol. 31, Issue: 3, pp. 307-310 (2010). 

[92]  :
, ;

C  Vol.75 No.752,  pp.1000-1008 (2009). 
[93] Tachi,S.,Kawabuchi,I.,et al,: TELEsarPHONE: Mutual Telexistence 

Master Slave Communication System based on Retroreflective Projection 
Technology; SICE Journal of Control, Measurement, and System 
Integration, Vol.1, No.5, pp.335-344 (2008).  

[94] 
2002 pp.41-42 (2002). 

[95] 
  2011, (2011). 

[96] 
 (2008). 



 

-135- 
 

[97] VISION, Vol.12, No.4, pp.183-186 
(1999). 

  



 

-136- 
 

 
    

      

  
  

 
  

       
 

     
    

  

   
 

  

 

 



 

-137- 
 

 

   
 

 
 

 
 

Co-existing Communication: Embodied 
Interaction System Using an Integrated 
Expression of Remote Partner's Shadow 
and Video Image 

Proceedings of HCI 
International 2005, CD-ROM 

2005/ 7 Chikara Ishibiki 
Daisuke Matsumoto 
Yoshiaki Nakajima 
Yoshiyuki Miwa 

 
 

Interactive Spatial Copy Wall” 
representing bodily actions of remote 
person in pseudo three dimensions 

Proceedings of the IASTED 
International Conference on 
Robotics and Applications 
(RA2006), pp.26-33 

2005/ 10 Shigeru Wesugi 
Nobuyoshi Suzuki 
Yoshiyuki Miwa 

 Virtual Extensible Tool Interface for 
Three-Dimensional Interaction with 
Remote Objects 

Proceedings of the 15th IEEE 
International Symposium on 
Robot and Human Interactive 
Communication 
(RO-MAN2006), pp.787-792 

2006/ 9 Shigeru Wesugi 
Yoshiyuki Miwa 

 
  

, Vol.48, 
No.12,pp.3919-3930 

2007/12  
 

 

 

Public Viewing with Shadows:  Design 
of theater-type space where remote actors 
and audiences can coexist using the 
shadow as their own agents 

Proceedings of the 17th IEEE 
International Symposium on 
Robot and Human Interactive 
Communication 
(RO-MAN2008), pp.677-682 

2008/8 Koji Iida 
Shiroh Itai 

Yoshiyuki Miwa 

 
  

2008/11  
 

 Electromyography Focused on 
Passiveness and Activeness in Embodied 
Interaction: Toward a Novel Interface for 
Co-creating Expressive Body Movement 

Proceedings of HCI 
International 2009, LNCS,
Vol.5612, pp.554-562 

2009/7 Norikazu Matsushima 
Ryutaro Seto 
Hiroko Nishi 

Yoshiyuki Miwa 

 Shadow Awareness -Bodily Expression 
Supporting System with Use of Artificial 
Shadow- 

Proceedings of HCI 
International 2009, LNCS,
Vol.5611, pp.226-235 

2009/7 Yoshiyuki Miwa 
Shiroh Itai 
Koji Iida 

Hiroko Nishi 

 Electromyography Focused on Activeness 
and Passiveness in Embodied Interaction: 
Toward a Novel Interface for Co-Creating 
Expressive Body Movement 

Journal of Advanced 
Mechanical Design, Systems, 
and Manufacturing, Vol.5, 
No.1, pp.35-44 

2011/1 Norikazu Matsushima 
Hiroko Nishi 

Yoshiyuki Miwa 

 



 

-138- 
 

   
 

 
 

 Support for Generation of Sympathetic 
Embodied Awareness: Measurement of 
Hand Contact Improvisation under Load 
Fluctuation Stress 

Proceedings of HCI 
International 2011, LNCS, 
Vol. 6771, pp.508-518 

2011/7 Yoshiyuki Miwa 
Go Naito 

Norikazu Matsushima 
Hiroko Nishi 

 Shadow Awareness: Enhancing theater 
space through the mutual projection of 
images on a connective slit-screen 

Leonardo, The journal of the 
International Society for the 
Arts, Sciences and Technology 
(SIGGRAPH 2011 Art paper), 
Vol.44, No.4, pp. 325-333 

2011/8 Yoshiyuki Miwa 
Shiroh Itai 

Hiroko Nish 

 Co-creative Expression -Duality of 
Embodied Interaction Focused on 
Generation of Sympathetic Awareness- 

Proceedings of SICE Annual 
Conference 2011, 
pp.2565-2570 

2011/7 Yoshiyuki Miwa 

 Duality of Embodiment and Support for 
Co-creation in Hand Contact 
Improvisation 

Journal of Advanced 
Mechanical Design, Systems, 
and Manufacturing,Vol.6, No 
1, pp.1307-1318 

2012/12 Yoshiyuki Miwa 

 Generation Dynamics of Sympathetic 
Embodied Awareness in Hand Contact 
Improvisation 

Proceedings of IASDR 2013 - 
5th International Congress of 
International Association of 
Societies of Design Research 
pp.5558-5566 

2013/8 Yoshiyuki Miwa 
Shiroh Itai 

Hiroko Nish 

 
 2004 

2004/10  
 

 
 

33
 

2005/5  
 

 

 

Phantom Pole  
2005 

2005/9  
 

 
 

 
Interactive Spatial Copy Wall   

1
 

2005/11  
 
 

 
 

(SI2005) 

2005/12  
 

 
 

38
 

2006/5  
 

 Shadow Communication System

-  
2006 

2006/9  
 

 

 
 

(SI2006) 

2006/12  
 

 
 



 

-139- 
 

   
 

 
 

 
 

1
 

2007/5  
 

 

 

 
2007 

2007/9  
 

 

  Neuro2007 2007.9  
 
 
 
 

 Difference in neural distributions between 
face-to-face and remote situations in a 
communicative game 

Society for Neuroscience 37th 
Annual Meeting 

2007.11 Tatsuhiko Sekiguchi 
Koji Ida 

Hideaki Kawabata 
Shiroh Itai 

Yoshiyuki Miwa 

 
 

 

2008/3  
 
 

 
 

 

2008/3  
 

 
 

2008
 

2008/8  
 

 
-  2008 

2008/9  
 

 
  

 

 (SI2008) 

2008/12  
 

 

 

 

54
 

2009/5  
 

 
 

 
 

54
 

2009/5  
 
 
 

 
 

60
 

2009/8  
 

  

 

 
2009 

2009/9  
 

 
 



 

-140- 
 

   
 

 
 

 
 

2009
 

2009/9  
 
 

 Virtual Tool 
 

2009
 

2009/9  
 
 

 
 

14
 

2009/9  
 

 

 
 

14
 

2009/9  
 

 
 

  61  2009/12  
 

  
2010 3

 

2010/3  

 Virtual Tool
61

 

61
 

2010/5 
 

  
 

2010
 

2010/9  
 

 Shadow Media Robot 
 2010 

2010/9  
 
 

 
 2010 

2010/9  
 

 
 

  11

SI2010  

2010/12  
 
 

 
 

11

SI2010  

2010/12  
 

 
 

 

 
 

2011
 

2011/9  
 

  : 
 

2011
 

2011/9  
 

 
 

 



 

-141- 
 

   
 

 
 

  

 

63  2012/8  
 

  

 

63  2012/8  
 

 
 2012 

2012/9  
 
 

 

  -

-  

22
 

2012/9  
 

 

  -
- 

22
 

2012/9  
 

 
 

  -
- 

13

SI2012  

2012/12  
 

 
 

 −
 2013 

2013/9  
 

 
 

  2005 
2005/9  

 
 

 
Virtual Extensible Tool Interface on Projecting 
Shadow Image over Tangible Stick 

The 3rd COE-CIR Joint Workshop 2006/9 Shigeru Wesugi 
Yoshiyuki Miwa 

 
Virtual Tool Focused on Shadow for Expansion 
of Embodiment 

The 4th COE-CIR Joint Workshop 2007/9 Yoshiyuki Miwa 

  
21 COE

Workshop 

2007/12  

 , 
(ECSRA) 5  

2009/8  
 
 

 
Co-creation of Bodily Expression Focused on 
Sympathetic Body Awareness 

12th Japan-Slovenia Seminar on 
Nonlinear Science 

2009/10 Norikazu Matsushima 
Hiroko Nishi 

Yoshiyuki Miwa 

 
Duality of Embodiment: Measurement of 
Co-creation Process on Hand Contact 
Improvisation 

OCTOPUS-EVRYON-WSK 
-TNg 2012 Summer School 

2012/6 Yoshiyuki Miwa 

 
 

2005 146301 
2006 323127 

  

  2010 163453 
2012 24172 

  



 

-142- 
 

   
 

 
 

 Shadow awareness  ,  2008/7  

 -
-Shadow awareness '09  

2009/2  

 Shadow Awareness II Dual 2010  

,  

2010/8  

 Shadow Awareness II Dual 2010  
, Palazzo 

della Nuova Borsa , Genova, Italy, 

2010/10  

 
  

2011/8  

 

 


