
49

.

.

.

[1].

.

.

.

. ,

. ,

.

.

.

[2,3],

.

.

.

.

.

. /



50

[4,5].

Pan

[6].

(lead-through) .

(AR, Augmented

Reality)[7] /

.

.

.

,

.

.

1

. ,

.

(trajectory encoding)

, (symbolic encoding)

.

(mapping) ,

- [8].

,

,

. 2

.

3

2

.

,



51

.

.

.

,

.

Lozano-Perez [9]. Lozano-

Perez

,

[10,11]. Lozano-Perez

.

.

[12,13,14].

(syntax)

.

.

C/C++

.

.

.

[15].

URBI



52

[10]. URBI /

,

. URBI

.

/

. , URBI

(state machine) 

.

OPRoS[11]

/ .

. OPRoS 

, ,

[16].

4 (atomic)

(atomic)

(composite)

. OPRoS

80

,

.

.

.

(state) (action) (specifiaction) .

. [17,18]

. ,

, ,

(description) .

R. Simmons D. Apfelbaum

TDL [19]. TDL

(decomposition) (synchronization),

(execution monitoring) (exception handling) 

. R Simmons 

[20].

.

.

G. De Giacomo 

IndiGOLOG [21]. Indi-GOLOG

(on-line planning)

(plan execution) . W. Burgard IndiGOLOG

GOLOG [22].

GOLOG

. GOLOG

[23].

. ,

.

.

,

.

,

.

,

.

.

.

,



53

.

,

.

.

. (lead-

through) .

,

.

.

(Factory Automation) 

.



54

.

.

5 .

(end-effector)

.

,

.

.

.

Min-jae Oh PDA (Personal Data Assistant) 

[24]. PDA

(wireless LAN)

.

.

H. Fukui 

[25].

. H. Fukui 

.

,

PC

.

(trial-and-errors)

.

-

.

.

.

.

(end-effector)

. Park D.I. -

[26].

[27].

Qi. L 6

[28]. 3

3 .

.

.

.

.

.

.

,

.

.

, (Lead-through)

.

.

,

.



55

,

.

(lead through) 

.

. 6

.

.

, API

(mapping)

.

,

. PbD

.

PbD

.

,

.

,

.

[29,30,31], [32,33],

[34,35], [36], [37], [38],

[39]

.

,

.

(machine learning) 

.

S. Liu H. Asada (deburring)



56

(neural network) 

[40]. Kyota 

[41].

.

Rainer Palm Boyko Ilieve 

(fuzzy time clustering) 

[42].

.

Sylvain Calinon 

[43].

.

. PbD

(scaffolding issue) .

Breazeal

[44]. Calinon Billard

.

[45].

.

,

.

API API

(mapping) .

.

.

,

.

.

.

2 .

.

.

. 1

,

.

(text-based)

,

.

. ,

. ,

.

.



57

.

-

.

- ( /

) .

-

.

(composite teaching) 

.

.

.

.

. 7

.

.

.

.

.

[1] ,

, , 18 2 , pp.1-

14, 2010.

[2] A. Billard, B. D. Argall, S. Chernova, M. Veloso, B. Browning,

A survey of robot iearning from demonstration, Robotics and

Autonomous Systems, vol. 57, Sissue 5, pp.469-483, 2009.

[3] B. D. Argall and A. G. Billard, A survey of Tactile Human-

Robot Interactions, Robotics and Autonomous Systems, vol. 58,

no.10, pp.1159-1176, 2010.

[4] M. P. Deisenroth, and K. K. Krishnan, On-line programming,

Handbook of Industrial Robotics, 2nd Ed, chapter 18, Wiley,

United States, 1999.

[5] Y. F. Yong and M. C. Bonney, Off-line programming,

Handbook of Industrial Robotics, 2nd Ed, chapter 19, Wiley,

United States, 1999.

[6] Z. Pan, J. Polden, N. Larkin, S. Van Duin, J. Norrish, Recent

progress on programming methods for industrial robots, Robotics

and Computer-Integrated Manufacturing, vol. 28, no. 2, pp. 87-

94, 2012.

[7] C. L. Ng, T. C. Ng, T. A. N. Nguyen, G. Yang, W. Chen,

Intuitive robot tool path teaching using laser and camera in

augmented reality environment, Proc. of the 11th International

Conference on Control, Automation, Robotics and Vision,

Singapore, pp. 114-119, Dec. 2010.

[8] A. Billard, S. Calinon, Robot programming by demonstration,

Handbook of Robotics, chapter 59, Springer, United States, 2008.

[9] T. Lozano-Perez, Robot programming, Proc. of the IEEE, vol.

71, ISSUE 7, pp. 821-841, 1983.

[10] J.C. Baillie, URBI: Towards a universal robotic body interface,

Proc. of the 4th International Conference on Humanoids

Robotics, pp.33-51, Nov. 2004

[11] B.Y. Song, S.W. Jung, C.S. Jang, and S.H. Kim, An introduction

to robot component model for OPRoS, Proc. of the International

Conference on Simulation, Modeling and Programming for

Autonomous Robots, Venice, Italy , pp. 592-603, Nov. 2008.

[12] KUKA Roboter GmbH, SOFTWARE KR C2 / KR C3 Expert

Programming, KUKA System Software(KSS), Release 5.2,

Issued 26, Sep. 2003.

[13] J. R. McGRAW, The VAL Language: Description and

Analysis, ACM Transactions on Programming Languages and

Systems, vol. 4, issue. 1, pp.44-82, Jan. 1982.

[14] ABB Flexible Automation, RAPID User s Guide, Vasteras,

Sweden, Art. No. 3HAB 0002-24, 1995.

[15] S. Bonner and K. G. Shin, A comparative study of robot

languages, Computer, vol. 15, no. 12, pp. 82-96, 1982.

[16] C.S. Jang, S.I. Lee, S.W. Jung, B.Y. Song, R.W. Kim, S.H. Kim,

and C.H. Lee, OPRoS: A New Component-Based Robot



58

Software Platform, ETRI Journal, vol. 32, no. 5, Oct. 2010.

[17] T. Lozano-Perez, Handey: A Robot Task Planner, MIT Press,

USA, 1992.

[18] S. Cambin, F. Gravot, and R. Alami., A robot task planner that

merges symbolic and geometric reasoning, Proc. of the

European Conference on Artificail Intelligence, 2004.

[19] R. Simmons and D. Apfelbaum, A task description language for

robot control, Proc. of the IEEE/RSJ International Conference

on Intelligent Robots and Systems, pp. 1931-1937, Oct. 1998.

[20] R. Simmons, R. Goodwin, K. Zita Haigh, S. Koenig and J. O

Sullivan, A layered architecture for office delivery robots, Proc.

of the Autonomous Agents, pp. 245-252, Marina del Rey, CA,

Feb. 1997.

[21] G. De Giacomo, Y. Lesperance, H. J. Levesque and S. Sardina,

IndiGolog: A high-level programming language for embedded

reasoning agents, Multi-Agent Programming, chapter 2, A. El

Fallah Seghrouchni, J. Dix, M. Dastani and R. H. Bordini,

Springer. 2009.

[22] W. Burgard, A. B. Cremers, D. Fox, D. Hahnel, G. Lakemeyer, D.

Schulz, W. Steiner, and S. Thrun, Experiences with an interactive

museum tour-guide robot, Artificial Intelligence, vol. 114, no. 1-2

: pp. 3-55, 1999.

[23] H. J. Levesque, R. Reiter, Y. Lesperance, F. Lin, R. Scherl,

GOLOG: A logic programming language for dynamic

domains, Journal of Logic Programming, vol. 31, no. 1-3, pp.

59-83, 1997.

[24] Deisenroth;, Oh, M. j., S. M. Lee, et al. Design of a teaching

pendant program for a mobile shipbuilding welding robot using a

PDA, CAD Computer Aided Design, vol. 42, no. 3, pp. 173-182,

2010.

[25] H. Fukui, S. Yonejima, M. Yamano, M. Dohi, M. Yamada, T.

Nishiki, Development of teaching pendant optimized for robot

application, 2009 IEEE Workshop on Advanced Robotics and its

Social Impacts, pp. 72-77, 2009.

[26] Park, D. I., C. Park, et al. Signal processing of direct teaching

data for human-robot cooperation, Proc. of the 2010 IEEE

International Symposium on Industrial Electronics, pp. 1956-

1960, 2010.

[27] Park, D. I., C. Park, et al. Design and analysis of direct teaching

robot for human-robot cooperation, Proc. of the 2009 IEEE

International Symposium on Assembly and Manufacturing, pp.

220-224, 2009.

[28] L. Qi, D. Zhang, et al. A lead-through robot programming

approach using a 6-DOF wire-based motion tracking device,

Proc. of the 2009 IEEE International Conference on Robotics and

Biomimetics, pp. 1773-1777, 2009. 

[29] P. Malheiros, P. Costa, A. P. Moreira, and M. Ferreira, Robust

and realtime teaching of industrial robots for mass customisation

manufacturing using stereoscopic vision, Proc. of the Annual

Conference of the IEEE Industrial Electronics Society, pp. 2336-

2341, 2009.

[30] B. Solvang, G. Sziebig, and P. Korondi, Vision based robot

programming, Proc. of the IEEE International Conference on

Networking, Sensing and Control, pp. 949-954, April 2008.

[31] K. Yoshida, F. Hibino, Y. Takahashi, and Y. Maeda, Evaluation

of pointing navigation interface for mobile robot with spherical

vision system, Proc. of the IEEE International Conference on

Fuzzy Systems, pp. 721-726, June 2011. 

[32] J. Maycock, J. Steffen, R. Haschke, and H. Ritter, Robust

tracking of human hand postures for robot teaching, Proc. of the

International Conference on Intelligent Robots and Systems:

Celebrating 50 Years of Robotics, pp. 2947-2952, Sept. 2011.

[33] D. Zhou and Y. Aiyama, Intuitive and direct teaching system of

multi-fingered hand-arm robot for grasping task, Proc. of the

International Symposium on System Integration, pp.305-310, Dec.

2010.

[34] L. Rozo, P. Jimenez, and C. Torras, Learning force-based robot

skills from haptic demonstration Proc. of the 13th International

Conference of the Catalan Association for Artificial Intelligence,

2010, Intelligence Research and Development, Vol 220 of

Frontiers in Artificial Intelligence and Applications, pp. 331-340,

2010.

[35] H. Kawasaki, S. Nanmo, T. Mouri, and S. Ueki, Virtual robot

teaching for humanoid hand robot using muti-fingered haptic

interface, Proc. of the International Conference on

Communications, Computing and Control Applications, pp. 1-6,

March 2011.

[36] R. Fung, S. Hashimoto, M. Inami, and T. Igarashi, An

augmented reality system for teaching sequential tasks to a

household robot, Proc. of the 20th IEEE International



59

Symposium on Robot and Human Interactive Communication, pp.

282-287, Aug. 2011.

[37] C. Jayawardena, K. Watanabe, and K. Izumi, Teaching a tele-

robot using natural language commands, Proc. of the

International Symposium on Micro-NanoMechatronics and

Human Science, pp. 59-64, Nov. 2005.

[38] Y. Sugiura, T. Igarashi, H. Takahashi, T. A. Gowon, C. L.

Fernando, M. Sugimoto, and M. Inami, Graphical instruction for

a garment folding robot, Proc. of the ACM SIGGRAPH 2009

Emerging Technologies, no. 12, Aug. 2009.

[39] G. Reinhart, W. Vogl, and I. Kresse, A projection-based user

interface for industrial robots, Proc. of the IEEE International

Conference on Virtual Environments, Human-Computer

Interfaces, and Measurement Systems, pp. 67-71, June 2007.

[40] S. Liu, and H. Asada, Teaching and learning of deburring robots

using neural networks, Proc. of the IEEE International

Conference on Robotics and Automation, pp. 339-345, May 1993.

[41] F. Kyota, T. Watabe, S. Saito, and M. Nakajima, Detection and

evaluation of grasping positions for autonomous agents, Proc. of

the International Conference on Cyberworlds, pp. 453-460, Nov.

2005.

[42] R. Palm and B. Iliev, Programming-by-Demonstration and

Adaptation of Robot Skills by Fuzzy-Time-Modeling, Proc. of

the IEEE Workshop on Robotic Intelligence In Informationally

Structured Space, pp. 18-25, April 2011.

[43] S. Calinon, A. Pistillo, and D.G. Caldwell. Encoding the time and

space constraints of a task in explicit-duration hidden Markov

model, Proc. of the International Conference on Intelligent

Robots and Systems: Celebrating 50 Years of Robotics, pp. 3413-

3418, Sep. 2011.

[44] C. Breazeal, G. Hoffman, and A. Lockerd, Teaching and

working with robots as a collaboration, Proc. of the Third

International Joint Conference on Autonomous Agents and

Multiagent Systems, pp. 1030-1037, July 2004.

[45] S. Calinon and A. G. Billard, What is the teacher s role in robot

programming by demonstration? Toward benchmarks for

improved learning, Journal of Interaction Studies, vol. 8, no. 3,

pp. 441-464, 2007.


