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Abstract: A general framework feasible for time-frequency (TF) controller design is presented in order to improve
the dynamic characteristics in all working frequency domain of systems. And the effort is the application of wavelet
analysis to enhance the performance of the traditional controller to reach the goal. Based on the principle, a new controller
incorporates traditional PI controller into TF control to realize a novel concept properly termed as the time-frequency PI
(TFPI) approach. Although optimal control performance can be achieved by tuning PI gains, however, the large number
of parameters to tune in TFPI can be overwhelming. To address the particular issue, the ISTE criteria and the simplex
optimization method is followed to optimize the gains. The TFPI concept is successfully applied to an electro-hydraulic
hybrid system using a hardware-in-the-loop test rig to demonstrate feasibility. The performance of the TFPI controller is
favorably evaluated against the conventional PI controller. It is found that TFPI controller can decrease the step response
time of the system from 0.15 s that is the best result of the traditional PI controller to 0.06 s on the premise of the overshoot
less than 1%. Besides, the comparison between this method and the other two control algorithm in literatures is conducted
and the results prove further that the TFPI controller can improve the dynamic performance markedly and maintain the
stability of the system at the same time.

Key words: time-frequency approach; wavelet analysis; automatic optimization; electro-hydraulic hybrid system;
hardware-in-the-loop
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Fig. 2 Decomposition process
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Fig. 3 Diagram of time frequency characteristics for a signal
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3.1 TFPIE | 23151 (Design of TFPI controller)
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Table 1 Parameters used in the model

ZH EA(E
m 9.0kg
A 645 mm?
c1 99.993 MPa
co 0.0733
Vi 1.29%10° mm?
Va 1.29%10° mm?

kqr  2.38x107° mm®/2/kg!/?
kqa  2.38x107° mm®/?/kg!/?

Py 21 MPa
P 0.1 MPa

¢ 1097 mm?®/(s-MPa)
Col 120 mm?/(s-MPa)
Co2 120 mm?’/(s-MPa)
Ky 0.5

Wy 534 rad/s

¢ 0.48

o0 5.77x10% N/m
o1 2.28x10* N/(m-s™1)
o 370N

a1 217N

Qs 2318 N/(m-s~ 1)
Ve 0.032 m/s
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Fig. 5 Results of error decomposition under step response
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Table 2 Optimized parameters of the traditional

controller
FH P&l PI4zH
Kp 311.7 310.2
K — 0.528
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Table 3 Optimized parameters of the TF controller

B WAPEET BSRPHES)
Kpy 2170.3 3021.4
Kpo 1240.4 1030.6
Kps 606.8 770.5
Kpy 608.2 722.9
Kps 601.6 734.6
Kpg 594.7 694.7
K7 — 0.615
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Fig. 8 Step responses of system
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Fig. 9 Tracking results of sine curve
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4.4 TF#H|28%} LA B (Comparison of several TF
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