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Image Memory Based Navigation with 3D-2D Edge Matching for Mobile Robot
Equipped with Omni-directional Camera
Daisuke ISHIZUKA?, Ryosuke KAWANISHI,
Atsushi YAMASHITA*! and Toru KANEKO?

*1 Department of Mechanical Enginnering, Shizuoka University
Johoku 3-5-1, Nakaku, Hamamatsu-shi, Shizuoka, 432-8561, Japan

Map information is important for self localization and path planning when mobile
robots accomplish autonomous tasks. We use 3D environment model containing color data and
structure data of the environment. We propose a method for image memory based navigation
of a mobile robot with 3D-2D edge matching by using a 3D environment model. Our proposed
self localization method is composed of two phases. First, the robot estimates its position and
orientation by matching an omni-directional image of the environment to arbitrary viewpoint
images generated from a 3D environment model. Second, the robot estimates its position and
orientation by matching a Canny edge image to 3D edge point measurement. Experimental
results showed the effectiveness of the proposed method.

Key Words. Navigation, 3D-2D Edge Matching, Omnidirectional Camera
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O (a)Arbitrary viewpoint image] (b) Real image] 0 00O
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Fig. 2 Omnidirectional images

7 €— Omni-directional camera

) «— Mobile robot

Fig. 3 Mobile robot
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Construct 3D environment model
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Generate arbitrary view point images

U

Panoramic Extension
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Generate autocorrelation images
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Generate eigenspaces

Robot memories:

-eigenspace of panorama images
-eigenspace of autocorrelation images
* 3D measurement data

Fig. 4 Process 1 (Learning)
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Image memory based self localization
*Location estimation
' Pose estimation

= =
3D-2D edge matching based self localization
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Path planning
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Robot movement

Fig.5 Process 2 (Navigation)
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Fig. 7 Omnidirectional images

32 000000 000000000000
000000000000000 700000000
0000000000000000000000OO
000000000000 000000000000
00000000000000000000000
ooooooooo®ooo00000000noon
0000000000000 80000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000 0000000000OO
0009000000000 DNON000ONNONOOd
000000000000000000000000
000000000 00000000000000OO
000000000000000000000MX N
00000000000000000000Mx P
01<P<NOOOOOOOOOOOOOOOOOOO
00000000000000000000000nN
000n=1,.,N—-P+1000000000 Ta(x,y)
Ox=1,...,M,y=1,..,PO0000 Ta(x,y) 00000
00000 r(kO1<k<MOOOOOOOOOO

El gl (Tn(x,y) —Tn) (Tn(x—|- K,y) —Tn)
(k) = ————5 — ®)
Y Y (Ta(xy)—Th)
x=1y=1

0000T,0000000 Th(xy)0OOOOOOO
000000000000 3000000 ryk)00
000000 Ta(xy)DOOD kOOODODODOOOO
000000000O0O0ON-P4+10000000
000000000 (3)0000000000M x
(N-P+1)0000000000000000000
000000000000000000000000
M/2x (N—-P+1)0000000000000

33 000000000000 000000
000000000000000000000000
000000000000000000000000



00 (@Poseln 0000 (b)Pose 2100

Fig. 8 Panoramaimages
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Fig. 9 Autocorrelation images
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00 0d (a)Cannyd O OO (b) Projected 3D edge points

Fig. 12 Edge points
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Fig. 13 Potential field and gradient

410042000000000000000000
000000000000000000000000
000000000300000000000000
000000000n00000000000000
(ax,a,) 0000000 (ag,ai) 000000000
000000 CannyD 00000000000000
00000000000 (bg,by) 000000000
nO00000000 (agai) 0 (b,by) 000000
0D(xy,8) 000000000000

n

D0y 0) = 3 (@ ba*+ 35 y?)

(12)

0000000 D(xy,#) 00000000000
0000000000000

44 0O00O0O0OOOOOOOO oooooo
ooooooooooooooooooo®Iooo
000000000000000000000000
000000000000000000000000
0000000000000000000 13000
000000000000000000000000
000000000000000000000000
00000000000000 130000000
0000000000000 00000000000
00000000000000000

5 0O g

51 0000000000000 ooooo
0000000000000000000000000
oooooooo®oooooooOoOoOO00ooon
1400000000000000000000003
000000000000000030000000
000 1400000 30cm0 00 500000000
000000000000000000000000
0000000000000 100000000000
000000000 20000 300000000 1500



.35m

@@ i@een @ i@ rre @ rnns@rrns@nnns@:| -2

03t === : Robot trajectory
@ : Image learning points

Fig. 14 Image learning points
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Fig. 15 Image capturing points
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Fig. 16 Result of self localization (successful)
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Fig. 17 Result of self localization (failed)
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>» : Image capturing points

D : Estimated location (Image memory matching )
? >> : Estimated location (3D-2D edge matching )

Fig. 18 Comparison of image memory matching with

3D-2D edge matching
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Fig. 20 Trajectory of mobile robot

o0o0l100000OOOOOOODOOOODOOOOn
gobooooboooobooobooooboooooo
oooooo

53 0000000 oobooooooog A0
OO0 BOOOCO3ODOOOOODOOOOOODOO
000000 1900300000000 0000D00
Oo00o0oOoooooobooozo00boobobDobon
ooboobbooboooobooobooobooooo
goboooboobobooobooobobooooooo
oboooooooooooboooooboobooooon
gobooooboooobooooboooboboooooo
oooboobooooboooboooo

6. O O

gooooo30ob00o0ooooboooooooono
gbobooboooooooboboooooboooonod

oooogo3000ooooooooooobobon
obobooooooooooooooobooooooo
oboboooboooooobobooooboooboboooo
oooooo3p-2b000000000000000
gboboobobooooooooboobboooobooo
ooooooooooboobooooooboooo 3b-2b
gobooboooooooooooobbooobobooo

gobogooooboooboood

@

@

3

4)

®)

(6)

™

®

©

(10)

o ooao

V. Kulyukin, C. Gharpure, J. Nicholson and S. Pavithran:
“RFID in Robot-Assisted Indoor Navigation for tha

Visually Impaired”, Proceedings of the 2004 IEEE/RSJ
International Conference on Intelligent Robots and
Systemspp.1979-1984, 2004.

S-H. Kim, C-W. Roh, S-C. Kang and M-Y. Park:

“Outdoor navigation of a mobile robot using differential
GPS and curb detectionRroceedings of the 2007 IEEE

International Conference on Robotics and Automation
pp.3414-3419, 2007.

00000000 00000000000000
00000000000000000000 000
0000000, Vol. 21, No. 8, pp.883-892, 2003

o ooobobb boooo ooboboog:* o
goooooboboooooobobbooor"obbod
OO0ooooo D-l, Vol J84-D-ll, No. 2, pp.310-320,
20010

b ooboooooooob o:* oooooobooao
000000000000 0O0o0O0Oo Structure from
MotionOO O 3000000000 "000O0OOOO
O C, Vol. 130-C, No. 9, pp.1504-1512, 2010

00 0000000000 00000 30000
000000000000000000000000
00000000000000000000000 0
00000000000000000000000°10
00000, 2P1-E17, pp.1-4, 201D

M. Tomono: “Robust 3D SLAM with a Stereo Camera
Based on an Edge-Point ICP AlgorithnProceedings of
the 2009 IEEE International Conference on Robotics and
Automation pp.4306-4311, 2009.

0000 000000000000000000
00000000 0000000000, Vol. 11, No.
5, pp.702-709, 1993

J. F. Canny: “A Computional Approach to Edge
Detection”, IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. PAMI-8, No. 6, pp.679-698,
1986.

M. A. Turk and A. P. Pentland: “Face Recognition Using
Eigenface” Proceedings of the 1991 IEEE Conference on
Computer Vision and Pattern Recognition, pp.586-591,
1991.



