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Robot Vision Technology for Mobile Robots

JUNICHI TAKENO*

The author has been studying binocular stereovision system for autonomous mobile robots.
Two types of visual systems, PRPS and LDM, were therefore developed. This paper intro-
duces these two visual systems and the results of relevant research. The paper also discusses
recent topics of the research by the author, including a proposal for a new system to enhance
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sophisticated intellectual functions, and examples of applications.
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Fig.1 The laminated difference matrix.
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Fig.2 The robot could avoid a moving female.

03 LDMOOOOODOODOOOOOODOOOO MEROS
Fig.3 The MEROS implemented LDM robot vision.
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Fig.4 The Meiji Autonomous Field Vehicle.
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Fig.5 A result about big trunk detection by LDM vision

at night.
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Fig.6 The PRPS robot vision.
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Fig.7 The optical design of PRPS robot vision.
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Fig.8 Explanation about the optical principle of PRPS.
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Fig.9 An improvement about the precision of distance
measurement.
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Fig.11 Karlsruhe Autonomous Robot KAMRO and
PRPS Robot Vision.
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Fig.12 The image processing modules of KAMRO.
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Fig.13 KAMRO must avoid a human.
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Fig. 14 Result example of detected obstacles by PRPS.
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Fig.16 An verification about the practical use by the

simulation experiment.
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Fig.17 The new stereovision which installed the

Rotation Disparity Mechanism.
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Fig. 18 Detection of visually occluded area by the
Rotation Disparity Mechanism.

000000000000 D000D000000000
000000000 0% 0D 18000000000
000000000000000000000000
000000000000000000000000
000000000000

9. 0000

gobodobooooboobo2b0o0obobobboboo
00 PRPSO0OO0ODOOD LDMOOOOODOO
goooboboboboo0oooooobooooboo
Oo00ooooPRPSOOODOOOOODODOODOO
0000 KAMROO Karlsruhe Autonomous Mobile
RObot with two arms00 000000000 OO0O
000000000000 o®™oKAMROOODOD
00019940 100 10000 12000000000
00000d0bo0ooDOobooOoboOoo WBKOOOO

goooooooooooooooooooobbogo

000000000000 00000 SUD-WESTO
oo0o00oU0oUooUooooooooooooo
OO0 LDMOOOOOCOOUOOOO0OOOO AFV
O Autonomous Field VehicleOOOOOOOOOOO
000o0o0O0o0o0ooOOoOoOoODOOoOOooOOooo
AFVvOOO00O0O0OO0OO0OD0OOOoOoOoooooooon
0000000odooooooooooooooog
00000000ooo0ooooogooooooo
jo0o0oo0odooooooooooogd
ooooOooOooooooOooooooooooo
oo0o0oo0ooU0Oooooooooooooooo
000dooooooooogooouoooooooo
odoooooooooooooooooooooo
0o0oo0oUooooooDoOooUoOoooooooo
O00000o0oDOo0ooooooOoOoooooon
O00DoDoOO0oDoOoO0oOooooooooood
000ooooooooooooo
J0o0Do00oo0o0oooooooooooooo

goooooooooooobooooo 33

Oooo0obOooboooooboooobbooboono
gooboO0obOOo0ooobobboobouoooooobo
ooooooooobobooooboboooooo
OoooDoOooOoooOooobooboooooo

00 PRPSOOOCOOODOOOCOOOOOODOOOO
0Ooo00bO0O0o0oOoOO0o00ooOoOooLbMOnOQOO
OO00O000O0ObODObOOoO0oOooOoOobobOoOooo

00 O0booboboooooooboboono
poobobboobbobbooobobboboo
0000 MOZichvan XuOOOOOOODDDOODO
goooooooooobobooboooboobooo
ooodobobO0ooobooboobooooooo
go0oo0ooooboooboboboooooooooo
oob0o0obOO0o0ooooooooooboboooo
gooDoooOooDoOOoobooobboooboooon
O00bOO0000OobOOoOobOobbDOoobooooa
dd000o0O0obOOoboOOooooooooooooooono
pooooboobobobbobooboboboog
ggooobooobboboboobboooobobooo
J0DO0O0DD0ODO RemboldODOOOODDOOOODOO
000000 UFA Aviation Technology University O
O Yussupova O O Ollyasov 0 OO0 O Vasilyev O O
000000000000 00D0O00 Rembold OO
02002090 1000000000000 DOOOOO
Ooo0oO0obOO0o0D0obOO0obOOooOooboboooooo
0000000 1991-199200 00 000000 19940
JdoD000o0obOobO0ooDOobOOooobbooooo
000000000000000 A scholarship fund
of Karlsruhe University 1992 and 19930000 A
fund as a guest professor of Karlsruhe University
goobooooo0obooooouobooboooog
po0ooo0dbO0o0ooobooobooooooboboo
Jjodooooooooooobooooboooooo
0000 AFvVvoOOoooooooooooooooo
0d0oD00doOOobbOOoobOoobOooobOobooOoono
OooDoO00o0O0moboobo0oOobooboOoOoOooo
oooo

g o o0 o

1) D000O0ooU0ooooooooooooo
oboboboboooooo1oocooooooon 24
0 SICE0000O0ODONo.11012, p.339 (1985).

2) DOo00oooUOOooU0oOoOooooDooOoooo
o0ob000000000 1004000000
000000000 No0.2613 (1986).

3) 00000000000 UoOoDoDoDOoUoOoO
gobooobooooooooOoboobobooomo



34 oooooooooooOOoOooOoOoooboooOoooooooboo

00000000 Vold4, No.5, pp.33-37 (1986).

4) D00000U0OO0OO0OO0DUOODOoOOODOO
000000000000 2000000000
oooooOoOoopoooooOoOoOooodgoo
00ooooUooooooOoooo 40000
0000000000000 O0000O0ONo.203,
pp-79-84 (1988).

5) Takeno, J. and Kakikura, M.: Fundamental
Problems of Collision Avoidance Problems be-
tween a Robot and a Moving Obstacle Part
1 Heuristic collision avoidance techniques and
fundamental experiments with a real robot,
ICAR (1989).

6) D0U00OoUOoOoOoOoUooooOooooo
0000000000000 200 340000
000000000No.6D-3 (1987).

7) 0000o0o0o0o00ooooooooooo
O00ooooooOooooo oD e600nong
0000000000 ONo.3402 (1988).

8) Takeno, J. and Hachiyama, S.: New Technol-
ogy on Stereo Vision for Mobile Robots, In-
ternational Conference on Advanced Robotics
(ICAR) (1991).

9) JJ000oO0o0O0O0OU0U0ooOoooOoooog
oooOoooooooo—0O0ooooboooog
00DoO000ooooooooooo 11o00go
000000000 0ONo.2344 (1993).

10) Kato, S., Nishiyama, S. and Takeno, J.: Stereo
vision system on mobile robots for measuring
road surfaces, Advanced Robotics, The Inter-
national Journal of RSJ Advanced Robotics,
Vol.9, No.4, pp.383-397 (1995).

11) Takeno, J., K.S. and S.H.: Stereovision for
Real-Time Measurement of the Depth of Non-
contrastive 3-D Space by Projecting Random
Patterns, FEURISCON ’91, pp.341-348, Kluwer
Academic Publishers (1991).

12) Schmitt, A. and Takeno, J.: Matching with a
neural net to measure the distance with stereo
vision systems 00 D0 1300000000
O0000000b5A1-7-3, pp.1001-1002 (1995).

13) Arai, K., Nishiyama, S. and Takeno, J.: Re-
search Report on Using Multiplexing Neural
Networks in a Stereo Vision System for 3D Dis-
tance Measurement, 30th Inter. Symposium on
Robotics, pp.221-226, International Federation
of Robotics (IFR) (1999).

14) Ikeya, D. and Takeno, J.: Research and De-
velopment of a Hand-held Vision System for
the Visually Impaired, 8th IEEFE Int. Work. On
Robot and Human Interaction, RO-MAN ’99,
pp-13-17 (1999).

15) Takeno, J. and Ikeya, D.: Practicability Veri-
fication of a Visual aid system for the Visually

Dec. 2003

Impaired, IEEE Int. Work. On Robot and Hu-
man Interactive Communication, 0-7803-7222-
0/01IEEE, pp.600-605 (2001).

16) Takeno, J. and Xu, Z.: New Binocular Vi-
sion System for Human-Robot Communica-
tion, Proc. IEEE Int. Work. On Robot and Hu-
man Interaction, IEEE 99TH8483, pp.416-420
(1999).

17) Takeno, J. and Xu, Z.: Virtual Image Cancel-
lation in a New Binocular Stereovision System,
Int. Con. On Recent Advances in Mechatronics,
pp.117-122 (1999).

18) Marr, D. and Hildreth, E.: Theory of Edge
Detection, Proc. R. Soc. Lond. B, 207 (1980).

19) Grimson, W.E.L.: From Image to Surface,
MIT Press, Cambridge (1981).

20) Nishihara, H.K. and Poggio, T.: Stereo Vision
for Robotics, Proc. International Symposium of
Robotic Research (1983).

21) Brooks, R.: Planning Collision Free Motions
for Pick and Place Operations, Proc. Interna-
tional Symposium of Robotic Research (1983).

22) Hildreth, E.C. and Ullman, S.: The Measure-
ment of Visual Motion, MIT AI memo 699
(1982).

23) Horn, B.K.P.: Understanding Image Intensi-
ties, Art. Intelligence 8 (1977).

24) Horn, B.K.P., et al.: Determining Optical
Flow, Art. Intelligence 17 (1981).

25) Bruss, A. and Horn, B.K.P.: Passive Naviga-
tion, MIT AI memo 662 (1981).

26) Herman, M., Kanade, T., et al.: Incremental
Acquisition of Three-D Scene Model from Im-
ages, CMU-CS-82-159 (1982).

27) Lucas, B.D. and Kanade, T.: An Iterative
Technique of Image Registration and its Ap-
plication to Stereo, Proc. IJCAI-7 (1981).

28) Kanade, T.: Development of a Video-Rate
Stereo Machine, Proc. DARPA Image Under-
standing Workshop, pp.549-558 (1994).

29) 0000000 U0OoOO0DoOOOooOOooOoo
O0oooooopooOoUoooooooooooog
Hyper Omnivision 0000000000000
00 D-II, Vol.J79, 8.5, pp.698-707 (1996).

30) DOoO00oO0oU0oOoOooOoOooooooooo
O0DoO00o0oUooUoooooooooooog
0000000000 0ooooooooooooo
Vol.43, No.SIG11(CVIMS5), pp.80-87 (2002).

31) Inoue, H., Tachikawa, T. and Inaba, M.:
Robot Vision System with a Correlation Chip
for Real-time Tracking, Proc. Int. Conference on
Robotics and Automation, pp.1621-1626, IEEE
(1992).

32) Inoue, H.: Vision Based Robot Behavior:



Vol. 44 No. SIG 17(CVIM 8)

Tools and Testbeds for Real World AI Re-
search, Proc. International Joint Conference on
Artificial Intelligence, pp.767-773 (1993).

33) Ishiguro, H.: Multiple vision agents navigat-
ing a mobile robot in a real world, Proc. Int.
Conf. Robotics and Automation (1993).

34) Kagesawa, M., Ueno S., Ikeuchi, K. and
Kashiwagi, H.: Recognizing Vehicles in Infra-
red Images Using IMAP Parallel Vision Board,
IEEE Trans. Intelligent Transportation Sys-
tems, Vol.2, No.1, pp.10-17 (2001).

3) 0000000000000 000O0O0OOO
OOoooooogo C-II0 Vol J74-C-I1, No.5,
pp.255-266 (1991).

36) Hebert, M.: Outdoor Scene Analysis Using
Range Data, Proc. Int. Conf. on Robotics and
Automation (1986).

37) Nashashibi, F.: 3D Incremental Modeling and
Robot Localzation in a Structual Environment
using a Laser Range Finder, IEEE Proc. of Int.
Con. on Robotics and Automation, pp.20-27
(1993).

38) Pratt, W.K.: Correlation techniques of image
registration, IEEE Trans., AES-10, 3 (1974).
39) Barnea, D.I. and Silverman, H.F.: A class of
algorithms for fast digital image registration,

IEEE Trans., C-21, 2 (1972).

40) Wavering, J., Fiala, C., Roberts, K. and
Lumia, R.: TRICLOPS: A High-Performance
Trinocular Active Vision System, Proc. Int.
Conference on Robotics and Automation,
pp-410-417, ITEEE (1993).

41) Moravec, H.P.: Robot Rover Visual Naviga-
tton, UMI research press (1980).

42) Moravec, H.P.: The Stanford Cart and the
CMU Rover, Proc. IEEFE, 71, 7 (1983).

43) Thorpe, C., Shafer, S. and Kanade, T.: Vi-
sion and Navigation for the Carnegie Mellon
Navlab, Proc. Image Understanding Workshop
(1987).

44) Yuta, S.: 3-D Range Sensor using fiber grating
for recognition of autonomous mobile robot’s
passage space, Proc. Int. Con. on Intelligent
Robots and Systems (IROS’94). pp.1759-1763
(1994).

45) Mori, H.: Active Sensing in Vision-Based
Stereotyped Motion, IEEE Int. Workshop on
Intelligent Robot and Systems (IROS) (1990).

46) Mori, H.: A robotic travel aid “HITOMI”,
IEEE Int. Conference on Intelligent Robot and
Systems (IROS’94), pp.1716-1723 (1994).

47) Graefe, V.: Feature-based Motion Stereo Vi-
sion for Mobile Robots, Proc.Int. Conference on
Advanced Mechatronics (ICAM’93), pp.704—

goooooooooooobooooo 35

709 (1993).

48) Mysliwets, B. and Dickmann, E.D.: A Vision
with Active Gaze Control for Real-Time Inter-
pretation of Well Structured Dynamic Scenes,
Proc. Autonomous Intelligent Systems (1986).

49) Kuhnert, K.: Comparison of Intelligent Real
Time Algorithm for Guiding an Autonomous
Vehicle, Proc. Image Understanding Workshop
(1987).

50) Dillmann, R.: KASTOR —An active stereo vi-
sion system for mobile robot navigation, Tech-
nical report of University Karlsruhe (1992).

51) Ferrari, F.: A Stereo Vision System for Real
Time Obstacle Avoidance in Unknown Envi-
ronment, TROS (1990).

52) Takeno, J. and Hachiyama, S.: A Collision-
Avoidance Robot mounting LDM Stereo
Vision, Proc. International Conference on
Robotics and Automation, pp.1740-1752, IEEE
(1992).

53) DO0O0OO0O0O0OO0OO0OO0O300000Oo0ooa
0 300000000000000O0ONo.3102
(1985).

54) 00 0000000000000 0O0O00O00OO
goopoooooooooooooo 300 50
O0000000000000ONo.1405 (1987).

55) 00000000 OO0OLOUODOOOUOOOO
O00000o0o0oo0ooo0o0oo0o00 400 60
O0000000000000O0No.3401 (1988).

56) Takeno, J., Shin’ogi, Y., Nishiyama, S.,
Mizuguchi, N. and Sorimachi, K.: Realzation
of a 3D vision mobile robot that can avoid col-
lision with moving obstacles, Proc. Int. Con-
ference on Robotics and Automation, pp.2010—
2023, IEEE (1991).

57) Takeno, J., Shin’ogi, Y., Nishiyama, S.,
Mizuguchi, N. and Sorimachi, K.: New Meth-
ods for Detecting Moving Obstacles Using A
Passive 3-D Visual Sensor, SYROCO’91, IFAC
(1991)

58) Takeno, J. and Rembold, U.: Stereovision Sys-
tems for Autonomous Mobile Robots, Robotics
and Autonomous Systems, Vol 18, pp. 355-363,
Elsevier Science (1996).

59) 00 0OO0O000O0O0O0O0O0O0Oo0OOOoOoo
O0000oooooooooooooog 200
14000000000000000ONo0.2A2-5-2
(1996).

60) Jung, H.: Visual navigation for a mobile
robot using landmarks, Advanced Robotics,
The International Journal of RSJ, Vol.9, No.4,
pp.429-442 (1995).

61) D0O00D0D0O0D0O0OODODOODOODOOOOOO
oo0oO0o0ooo0o0dOo 200 14000000



36 oooooooooooOOoOooOoOoooboooOoooooooboo Dec. 2003

00000000No0.3M1-5-2 (1996).

62) 0 00O0O0O0O0OO0OOOOOOOOOOOOO
O0oDo0O0ooooOOoooOoDoOobOoobooo
0oo0oo0 (2002).

63) DO0OU00O0O0OO0OOOOOOOUOOOOO
00000000 00oO0ooooooo (2002).

64) Takeno, J. and Rembold, U.: Stereovi-
sion System for Autonomous Mobile Robots
(invited paper), Inter. Conference on In-
telligent Autonomous Systems (IAS-4), In-
telligent Autonomous Society, IOS Press
(ISBN9051993986) (1995).

(0D 150505000)
(0D 150909000)

ooooooo 0ooooo

o0 Oo0Oooooo

oo 2000005400000
gooooooooooooooon
gooooooooooooooon
gbooobooosroobooon
gooooooooocoooooo
gobOooooooooeboOoOOoboOoOoOOOO
gbooooooooooobooobooooooooo
gooooooooooooobOooobboooonoo
goobooooobooboooboobooobOooboobon
goooooooooooooooooooboooon
gbobooooodoooboooooooo wobod
ooooooOoHMMOOOOOOO0OOO0OOOIEEE
R&AODDODOOOOOOOODOOOOOODOOOO
gbooooobooooon




