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Zero Placement of the Asymmetric S-curve Profile
to Minimize the Residual Vibration
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Abstract: Robust tuning rules of the motion profile are proposed to minimize the residual vibration. For asymmetric S-curve profile,
tuning rules are analytically formulated using Laplace-domain approach. When the system modeling is known exactly, by placing a
single zero of the motion profile on the pole of the system, the residual vibration can be perfectly eliminated under undamped system.
However, if there are some amounts of the modeling errors, the residual vibration significantly increases. To track this issue, the
robust tuning rules against modeling error are discussed. One of the proposed robust tuning rules is placing the multiple zeros of the
motion profile on the pole of the system, and the other is placing the zeros of the motion profile around the pole of the system.
Thanks to the proposed robust tuning rules, motion profile becomes more robust to modeling errors while minimizing the residual
vibration. By simulation, the effectiveness of the proposed robust tuning rules is verified.
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Fig. 1. Asymmetric S-curve profile.
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Fig. 2. Effect of the tuning parameters of AS-curve.
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Fig. 4. Zero placement: (a) pole-zero cancellation with a single zero,
(b) pole-zero cancellation with double zeros, and (c)
placement of zeros around the pole.
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Table 1. The parameters for simulation.
Properties Values
f Natural frequency 15Hz - 165 Hz
" (10 % modeling error)
4 Damping ratio 0.04
Vinax Maximum velocity 1.0m/s
Anax Maximum acceleration 0.1 m/s?
Otarget Target distance 02m
2 8t Scurve?] Fd QA AA.
Table 2. The tuning parameters of asymmetric S-curve profile.
B Y
Case A
Pole-zero cancellation with a single zero 06667 !
Case B
Pole-zero cancellation with the double zeros 05 13333
Case C
Placement of the zeros around the pole 04305 | 14410
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Fig. 5. Case A: motion profile and the induced vibration of the

second mass (blue line: without modeling error/ red dot line:
with 10 % modeling error).
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Fig. 6. Case B: motion profile and the induced vibration of the
second mass (blue line: without modeling error/ red dot line:
with 10 % modeling error).
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Fig. 7. Case C: motion profile and the induced vibration of the
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Table 3. Comparison of settling times.

Case A Case B Case C
tS. 2.222sec | 2.162sec | 2.165 sec
w/o modeling error
& 2.370sec | 2.206 sec | 2.166 sec
w/ modeling error
dt/t, 6.68% 2.02% 0.06%
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