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Improved Input Shaping Method for Circular Interpolation of a 2-Axis
Positioning System
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This paper presents an improved input shaping method to eliminate vibration during circular interpolation of a flexible 2-axis
positioning system. Due to the time delay introduced by input shaping, simultaneous 2-axis positioning with circular
interpolation results in a certain amount of errors from the intended track or trajectory. This study investigated the track
errors associated with circular interpolation caused by input shaping for a flexible 2-axis positioning system. The following
three strategies for reducing such errors were proposed: velocity reduction in circular interpolation, adjustment of the time
delay between 2 axes commands, and employment of a velocity profile compensation function. Simulations were performed
to discuss the pros and cons of the three proposed strategies. Experiments were also performed to validate the results.
Simulation and experiments showed that the track errors due to input shaping can be sufficiently reduced by combined use
of the proposed strategies.
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Fig. 1 Conceptual model of a flexible 2-axis positioning system
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Fig. 2 Track and velocity profiles used in simulation (a) Track, (b)
X-axis profile, and (c) Y-axis profile
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Fig. 3 Comparison of the reference trajectory and the actual
trajectory subject to vibration

Table 1 Parameters for simulation

Parameter Unit Value
Natural frequency Hz 5
Damping ratio - 0
Linear distance mm 200
Circle radius mm 50
Maximum velocity mm/s 50/100/200
Acceleration time sec 0.05
Deceleration time sec 0.05
‘g Ay A, é
Time " T Time

Fig. 4 ZV input shaping process for the simulated velocity profiles
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Fig. 5 Comparison of unshaped and shaped velocity profiles
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Fig. 6 Comparison of desired and command shaped tracks

Table 2 Percentile error of the shaped track from the reference track
during circular interpolation

Max. Velocity Percentile error of track
[mm/s] [%0]
50 0.25
100 1.00
200 3.95
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Fig. 7 Comparison of unshaped and shaped commands for X and Y
velocity profiles modified with reduced circular interpolation
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Fig. 8 Comparison of desired and input shaped tracks with reduced
circular interpolation velocity

Table 3 Percentile error of the shaped track from the reference track
subject to 40% velocity reduction

Max. Velocity Reduced velocity Percentile error of
[mm/s] [mm/s] track [%]
50 30 0.06
100 60 0.25
200 120 0.99
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Fig. 9 Percentile error of track with changing the circulating velocity
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Fig. 10 Comparison of desired and shaped tracks that compensate
the mismatch in the XY commands due to the input shaping
induced delay
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Table 4 Percentile error of the shaped track from the reference track
with 40% velocity reduction and delay compensation

Max. Velocity Reduced velocity Percentile error of
[mm/s] [mm/s] track [%]
50 30 1.81
100 60 341
200 120 6.05
Velocity
A
Vmod
T — Tmod
» Time
Tmod
— Vmod

Fig. 11 Compensation function for the reference velocity profile to
improve the accuracy in circular interpolation

~— Reference Track 50
150+ Shaped Track
E 40
>
—~ 100+ 30
£ 130 140 150 160
1S X (mm)
> 20
50
E
>
0 T et r 0
0 50 100 150 100 110 120 130
X (mm) X (mm)

Fig. 12 Comparison of desired and command shaped tracks with
and without compensation function employed
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Fig. 14 Measured accelerations before and after applying the
proposed input shaping for circular interpolation with max
speed of 200 mm/s. (a) Case 1: 40% velocity reduction
(VR) (0.6 Vmax), (b) Case 2: 40% velocity reduction (VR)
+ delay compensation (DC), and (c) Case 3: 40% velocity
reduction (VR)+delay compensation (DC)+ employing
compensation function (CF)
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Fig. 15 Measured tracks for three different methods applied: VR,
VR + DC, VR + DC + CF (Refer to Fig. 14 for
abbreviations)
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