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Trajectory Generation for Obstacle Avoidance of

Uncalibrated Stereo Visual Servoing without 3D Reconstruction

Koh HOSODA*!, Kenji SAKAMOTO*? and Minoru ASADA*!

In this paper, a trajectory generator for a visual servoing system with two cameras is proposed to make the system

accomplish obstacle avoidance tasks in unknown environments. Using the estimated epipolar constraint between two

cameras, the proposed scheme can generate trajectories for the visual servoing system on the 2D image planes by a

simple obstacle avoidance method without reconstructing 3D geometry. The proposed scheme is based on the idea,

“as long as one of projected trajectories does not intersect with projected obstacles, the trajectory in 3D space can

avoid the obstacles.” An experimental result is shown to demonstrate the validity of a combination of the proposed

trajectory generator and the visual servoing control scheme.

Key Words: Visual servoing, epipolar constraint, no 3D reconstruction, obstacle avoidance

1. 0O 0 0O O

000D000000000000000000000000
0000000000000000000000000000
0000000000D000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000003000000000000000
0000000000000000000000000000
00000000000000000000000000000
00000000000000000000000000000
0000000000000000000000000000
000[1000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
000
000000000000000000000000000
0000000000000000000000000000
00000000000 [2][800000000000000
0000000000000000000000000000
0000000000D000000000000000000

gooo 19960 20 80
“lgpooooo
2000000000000000000000
*10saka University
*20saka University, currently with Matsushita Electric Works,
Ltd.

0o0O000000 XXOXXO

0000000000000000000030000000
00000000000000000 ([400)000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000030000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000
00000 (50”0000 000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000 Hager[9][10]000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000
00000000000000000000000000
0000000000000000000000003000
0000000000000000000000000000
0000000000000000000000000000
0020000000000000000000000000
0000000 (000000D0)0000000000000
0[1]000000000M200000000000000

19960 20



1002 oo o

gbooboooobooboooboooobooboobOooobooooo
goboocooobooooooOoOoooOoOooboOooos3bcoo
gobooooobOooooo20000000D00000000
ooooocooooooooooooboz20000000000
gooooooooooooobooOooooooobooOooo
gbooooboooboobooooboooobooboooo
gooooooooooooooooooooooboboooo
gobooooboooobooooboooobooboooo
gbooboooobooboooboooobooboobOooobooooo
goooooocoooooooooooobooo

2. 30000000000 200000000

2.1 0O0O0O0OO0OO0OOC
goooboobooobooooooooobooooobobogon
gboobooooboobooobooobooboobooobooooo
0o00o0oo0o0o0ooo0oooO (Fig.1)oOooooooo
o0200000000000000O0000DOOODO 30
gooooooooooooobooooooon
gooobooobooobooooooooobooooobobogon
gooo
gliooooooooboobooooooobooooooooobooboo
oooooooooo
gz2020000000O0O00O000O0O0OOO0OO000O0
g302000000000000O000ODO0OOOO0ODOOO
gboobooooooobooboooaon

.

Fig.1 Obstacle avoidance using visual servoing
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Fig.3 Trajectory generation algorithm to avoid obstacles

01000 (1)0boo0o0U0oU0o0DOOoUoOoOUODoOOoooOO
oooooooocooooo

g2000100o00ob00ob00oooboooooooobOooDoOoDo
gooooooooooooobooooo

0o0O000000 XXOXXO

1003

g3oooooooboobooooooooobooooooDooboo
oooooooooooooooooooo2000000

g400000000DOOCOO0ODOOOOOOOOOOOODO?2
goooooooogoo

3. ooboobooobooo

oobOoOoobO0ooobooOoDb240000000000000
gooooooooooooooooooooooboooo
o0o0o0oUoUoUoUoUOoUooUoDUOOOO 1)
gbooboooobooboooboooobooboobooooooo
gooooobooo
3.1 0O0O0O0OO0OOOO0OOO0O
goooooooocoooooooooobooobooooon
goobooobobooobboooobooboboboooooo
000 Fig40000000000O0O0O0O0O0O0O0O0O0O0O0O0
ooooobDOobU0ooooDOobOooUooboDoooobog/
gobtodooooooooboboobooooobooboooooo
goooooocooooooobooooooooobboooo
gbooobooooboobooooooobooboobooooooo
goooooooooooooboooooooooboooo
goooooooooobooooooooooodoooooon
gboobooooboobooobooobooboobOooobooooo
goooooocoooooooooOoOoboOoOoOoooboboOooo
goboooooboooboooobooboboobooobooboooboo
gbooobooobooboooo
eJ000O0ODOODOOOODOODOOOOODO
eJI000O0O0ODOODODLOOODOODOODOODODOO
gboooao
el0000O0O0O0DOOOOOOOOOOOOOOOOON
gbooobobooboooooboboobooobooboobo
el00000O0O0DOOCOOOOOOOOCOOOOOOOO
gboobooooobooooooon

ooooooooo
estimated
feedforward

controller
robot .
system } age

satures

feedback
controller

tak | trajectory +
generator |desired | —

+
trajecto control inputs:

adaptive visual servo controller

Fig.4 Proposed tragectory generator and adaptive visual servo
controller
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Fig.5 Camera-manipulator system used for experiments
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Fig. 6 Experimental equipment

Table 1 Feature points to estimate epipolar constraint

[z1, y1, 22, Y2]
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(a) frame 1 (b) frame 2

Fig.7 Generated desired trajectories on the image planes

Fig. 8 Start posture of the manipulator
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Fig.9 Goal posture of the manipulator

60

50 1
3 40t 1
X
K=
£
5 30 1
c
S
5] 20 ]

10 1

o L L L L L L L

0 5 10 15 20 25 30 35
time [s]
Fig.10 Error norm on image plane 1

60
%‘ B
X
K=
E i
o
<
S
EI-J 4

O L L L L L L L

0 5 10 15 20 25 30 35
time [s]

Fig.11 Error norm on image plane 2
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