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H., Optimization of Fixed Structure Controllers
— Application to the Tuning of a Hard Disk Drive Servo Controller —
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Abstract: This paper presents an algorithm to solve an H., optimization problem of fixed-structure
controllers. The proposed algorithm first transforms the original fixed-structure controller synthesis
problem into an H,, synthesis problem of static output feedback control, which does not impose any
structural constraints except for the one on the controller order. Then, a linearization-based local search
algorithm is applied to solve this problem. Based on the proposed H, optimization algorithm, this paper
demonstrates an intuitive and efficient method to re-tune controller parameters, which were finely tuned
by an expert engineer, and improve the control performance. As an application example, the proposed
approach is applied to the tuning of a PID (Proportional plus Integral plus Derivative) controller for head
positioning of hard disk drives. The effectiveness of the proposed re-tuning method is demonstrated by

simulation and experimentation.
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Fig. 1 Closed-loop system configuration of the Ho, op-
timization problem (1)
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Fig. 2 Schematic view of a hard disk drive
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(a) Complementary sensitiv- (b) Sensitivity transfer func-
ity transfer function, T'(s) tion, S(s)

Fig. 3 Comparison of closed-loop frequency responses
under two conventional controllers (C1 and C2) and the
designed PID controller (Cnew) (simulation results)

Table 1 Performance comparison of two conventional
controllers (C(s) and C3(s)) and the designed PID con-
troller (Chrew(s)) (simulation results)

Ci(s) | Ca(s) | Cnew(s)
Order 2 3 2
Cross-over frequency Hz 636 622 625
Gain margin dB 5.32 5.02 5.53
Phase margin deg 23.36 | 35.82 41.63
Sensitivity function peak dB | 9.04 7.50 7.20
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Table 2 Experimental setup specifications

Capacity 18.4 GB

Disks 5/3.5”

Tracks per inch 13,000

Spindle speed 7,208 rpm
Sampling period 99.1 pm
Average seek time | 6.5/7.5 ms (Read/Write)

Table 3 The standard deviation of the measured PES un-
der the conventional controller, C2(s), and the designed PID
controller, Crew(s)

Ca(s) Chew(s) improvement
NRPE | 0.036 yum | 0.031 um 13.9%
RPE 0.0163 pm | 0.0165 pm -1.2%
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