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Abstract: In a zero phase error tracking control system, the gain error increases as frequency increases; meanwhile, the
zero phase error tracking control system exhibits amplification to high frequency noises. In order to solve these problems,
a gain-characteristics manipulation method for zero phase error tracking controller is investigated based on the idea of op-
timization. By setting the optimization objective function and restriction conditions, we design the gain error compensator
with gain-compensation in low frequency band and gain-attenuation in high frequency band. The design process is given
in details and the parameter calculation formulas are derived analytically. Simulation results indicate that the designed
compensator effectively increases the tracking accuracy and reduces noise content in controller output, thus, improving the
motion smoothness and providing advantages for engineering applications.
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Fig. 1 Zero phase error tracking control system structure
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ing control theory)
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Fig. 2 Amplitude-frequency characteristic of system before

& after gain error compensation
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Fig. 4 Amplitude-frequency characteristic of system before

& after compensation (low frequency)
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& after compensation
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0.05

0.00

y{k)-y(k) / dB

0.00 0.05 0.10 0.15 0.20

8 AMEHY o U R R R 22 LB (50 Hz F N )
Fig. 8 Tracking error comparison before & after

compensation (50 Hz input)

4.2 WP (Noise suppression)

B NIy ATRAEL, A1 Hz K 1 5% R 4L, &
IS x 107G Bl N 21 2) or A BERLIGE 5. E9(a) it
RZPETCHE il I P S 45147 il 4 ) i (), T A



553

=
i

AR T ZE IR G

FE RS PEAL PR 659

%HjééﬁZPETCﬁU:F w(k) B N BH 5 1R e A e

E19(b) 4y K F SR [811% 5 vE e vl 1R 3 2 18 22 4
1 %M’EEHTB’JFQ/R T 4 M 25 6 ZPETCIF 3 7
ﬁﬁ**ﬁﬁkiﬁ%’ﬁﬁﬁ(ﬁn K13), TS0 R s Bk — 20

14K B9(e) R IA BT ) vt LB AI A FR) 28 22 A
&k, AT, %A RS
BHAT—
CL_E PR DL,

a1 LR K S A5t
E S B 2t 1R 22 M2 AR (RTINS, X v e 7
SE (A1 Y, e 7 e S5 /T
2
0

u(k)

t/s

u(k)

t/s

(b) B IR

s AMAAAAAAAAN/
TV Y VVVVYV VYV
0 2 4 6 8 10

t/s
(c) A B (V4 25 1R ZE M
K9 Stz il ih e

Fig. 9 Feedback controller output comparison)

5 %58 (Conclusion)
AR SR R B A A B JEAR, BEIE T — R R A m
FH 4 PE ZPETCHY 25 5% 22 40 2 2%, 1 DL v &
A 22 R B 4 ) 2R G0 16 25 108 2 B A R T g i 389 K DL
JXZPETCT ey A M 75 JEOK (1 1) . LA 4y B &5 Rk
B, BTV AN 28 W 8N T R IR R 2,
PR T AR B2, JEd N T 8 A R R
ﬁﬂ?%ﬁf_iﬂ%@%gﬁ M JE M R G T AR A
JE 25 15 25 AME IR L. SO G 1 45
Tuﬁﬁﬁ, HOURHES T SHOH A S0 R TR S B
HAZ% M.

S % Lk (References):

[1] TOMIZUKA M. Zero phase error tracking algorithm for digital con-
trol[J]. Journal of Dynamic Systems, Measurement, and Control,
1987, 109(3): 65 — 68.

[2] PARK H S, CHANG P H, LEE D Y. Continuous zero phase error
tracking controller with gain error compensation[C] //Proceedings of
the American Control Conference. New York: IEEE, 1999, 6: 3554 —
3558.

[3] NIU W, TOMIZUKA M. A general framework of coordinated mo-
tion control subjected to actuator saturation[C] //Proceedings of the
American Control Conference. Piscataway: 1EEE, 1998, 6: 3843 —
3847.

[4] OHISHI K, KUDO K, HAYAKAWA Y, et al. Robust feedforward
tracking servo system for optical disk recording system[C] //The 27th
Annual Conference of the IEEE Industrial Electronics Society. Pis-
cataway: IEEE, 2001: 1710 — 1715.

[5] TORFS D, SWEVERS J, DE SCHUTTER J. Quasi-perfect tracking
control of non-minimal phase systems[C] /Proceedings of the 30th
Conference on Decision and Control. Piscataway: IEEE, 1991, 12:
241 -244.

[6] YAMADA M, FUNAHASHI Y, FUIIWARA S. Zero phase error
tracking controller with a desired gain error and application[C]
/IUKACC International Conference on Control. Exeter: IET, 1996:
674 - 679.

[71 ADNAN R, SAMAD A M, TAHIR N M, et al. Trajectory zero phase
error tracking control using comparing coefficients method[C] //The
Sth International Colloquium on Signal Processing & Its Applica-
tions. Piscataway: IEEE, 2009: 385 — 390.

[8] YEH S S, HSU P L. An optimal and adaptive design of the feedfor-
ward motion controller[J]. IEEE/ASME Transactions on Mechatron-
ics, 1999, 4(4): 428 —439.

[9] KEMPF C J, KOBAYASHI S. Disturbance observer and feedforward
design for a high-speed direct-drive positioning table[J]. I[EEE Trans-
actions on Control Systems Technology, 1999, 7(5): 513 — 526.

A& A

BB (1983—), U, WL SR, BT I A O i R G aa
Hi AR, E-mail: zhoulil108 @yahoo.com.cn;

iyt (1966—), 53, WEST A, WEFTT7 10 2 O R4 R R A%
2% Y FHHR, E-mail: shyoung@126.com;

FEAR  (1964—), B3, WHIT 0L, WL AR R0, WSy 1) D i s
B O HERIE AR, E-mail: xdkao@sina.com.



