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Data-Driven Loop-Shaping with Resonant Filters Integrating Unstable and Stable Poles
in Dual-Stage Actuator HDD Benchmark Problem
Masahiro Mae* (The University of Tokyo)

Increasing demands for data storage capacity have grown the necessity for advanced loop-shaping techniques in Hard Disk Drives
(HDDs). The aim of this paper is to develop a loop-shaping method using resonant filters integrating unstable and stable poles for
a dual-stage actuator HDD. The resonant filters with unstable poles are used as an initial condition. The resonant filters are synthe-
sized by frequency response data-driven optimization integrating resonant filters with additional stable poles. The optimized vector
locus enables more flexible loop-shaping with elliptical orbits integrating unstable and stable resonant modes. The track-following

performance improvement with the developed approach is validated in a dual-stage actuator HDD benchmark problem.
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Fig. 1. Hard disk drive with a dual-stage actuator.
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Fig.2. Block diagram of a hard disk drive with a dual-stage actuator.
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Fig.3. Frequency responses of given open-loop systems. Dotted
lines and solid lines denote G, and G, respectively.
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Fig.4. Inverse spectrum of output disturbances.
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Fig.5. Block diagram of resonant filters.
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Fig.6. Vector locus of a resonant filter in Nyquist diagram.
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Fig.7. Frequency responses of resonant filters. Top: F. Bottom:

F,. Red lines (—) denote initial values and blue lines (—) denote
optimized values, respectively. Vertical black dotted lines (----) de-

note designed frequencies of resonant filters.
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Fig.8. Sensitivity function with initial resonant filters.
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Fig.9. Nyquist diagram with initial resonant filters.
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Fig.10. Nyquist diagram with optimized resonant filters.

7 4 NRIZE BT — RBEHIL— TEEOFERIIOWTHEN
Lo REHIRE— FERERRE- FOZATNOHE
DF A4 F X M EEHINZBNT, MHEERSES 12D
FIRGEHRTREIND Z e 2R Uz, PIHAEY L CaGEhX
NN — FRERALEESRE — P LT, BINTH
UEHEEBORERIRE - FEHET2 212D, 1
MEONXZ VBRI Z e fRE 72 b, R & D B
HHEDOSWL—-TEEEEH LT, 2B 7 7 F a2 —4%
HDD XY F < — 7 [BEICB VT, mEbEoHR7 4 1 &
ZHWS ZEI2E B MT v ZBEEEREOWES R E N,
FAL— TRDPBEBRARERLIRT 4 VX OHIIREDRRI
ARG, HIR T 4 L RICBIT 3 ARREM L BEMDR
RN T R RFE O EBRICB U 2872y b &
ZAHER ERESHROMFEHETH %,



S| [dB]

—20

—40

—60 ‘
102 10° 10*

f [Hz]

11 BlE{LEOH-IR 7 1 L 21281 2 R

Fig. 11. Sensitivity function with optimized resonant filters.
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12. Amplitude spectrum of e with optimized resonant filters.
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Fig. 13. Track-following performance 30°(y.). X, A, and O denote
without, with initial and with optimized resonant filters.
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