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Abstract

: Robot usually requires spline motion to move through multiple knots. In this paper, catmull-rom spline

method is applied to the trajectory planning of industrial robot in task space. Centripetal catmull-rom is selected to
avoid self-intersection and slow motion which can be occurred in uniform and chordal spline. The method to set two

control points are proposed to satisfy velocity conditions of initial and final knots. To optimize robot motion, time
scaling method is presented to minimize margin between real robot value and maximum value in velocity and
acceleration. The simulation results show that the proposed methods are applied to trajectory planning and robot can
follow the planned trajectory while robot motion does not exceed maximum value of velocity and acceleration.
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Fig. 1 Single path using catmull-rom spline
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Fig. 2 Comparison of uniform, chordal, and centripetal
splines
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Fig. 3 Path via multiple knots using catmull-rom spline
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Table 1 Positions of example multiple knots for simulation
(mm)

X Y V4
P 0 0 0
P, 500 500 300
P; 0 1000 -200
P, -500 1500 0
Ps 0 0 0

Position (mm)

400

200 -~

-200

-400 -1
2000 T~ ~.[
1500 T —~ 1000
1000 T e 500
<
500 T — 500

v 0 -1000

Fig. 4 3-D path of example multiple knots
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position vector (mm)
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S e LS —X
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0 /\\_/\‘;ﬂ
~1000 : ‘ ‘ ; ;
0 20 40 60 80 100 120 140
Time (sec)
(a) position vector
=0 positionD vector (mm/s)
100 L . I . . L
0 20 40 60 80 100 120 140
Time (sec)
(b) velocity vector
60 TCP Speed (mm/sec)

0 L L L L

I I
0 20 40 60 80 100 120 140
Time (sec)

(c) TCP speed

positionDD vector (mm/sz)
T T T T

0 20 40 60 80 100 120 140
Time (sec)

(d) acceleration vector

Fig. 5 Trajectory of example
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Table 2 Parameters for maximum velocity and acceleration
(mm/s, mm/s"2)

parameter value parameter value
Vinax 59.114 Amax 5.90
Vemax 200 Armax 1000
Kyel 0.2956 Kace 0.0768

position vector (mm)

2000

1000 |-

-1000 ‘ . . .
0 5 10 15 20 25 30

Time (sec)

35 40

(a) position vector

positionD vector (mm/s)

L L L St== L
15 20 25 30 35 40
Time (sec)

(b) velocity vector

TCP Speed (mm/sec)

200

100 - q

0 1 L | I | 1 I
0 5 10 15 20 25 30 35 40

Time (sec)
(c) TCP speed
positionDD vector (mm/sz)
100 T T T
0\;\_ ,,,,W/\
\1/ -~ —_———
100 . . . | | . .
0 5 10 15 20 25 30 35 40

Time (sec)

(d) acceleration vector

Fig. 6 Trajectory of example when maximum parameter
are considered
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