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Thesis Title Adaptive Control System for Track-Following HDD Head Positioning
Author Mr.Kiattisak Sengchuai
Major Program Electrical Engineering
Academic Year 2012
ABSTRACT

This thesis presents a head positioning in the track following control of hard disk
drives using an adaptive PID controller for improving the accuracy of head positioning and
reducing the effect of disturbances. The study concerns the position error signal (PES) effect of
the repeatable runout (RRO) disturbance. The adaptive PID controller uses the least mean squares
(LMS) algorithm to adjust the proportional gain (K,), integral gain (K,) and derivative gain (K,)
of the PID controller. In simulation, MATLAB Simulink was used to verify both the single-stage
and the dual-stage control. The system response and the PES effect of the disturbance were
considered. The simulation results show that the proposed method can improve the system
response and can reduce the PES. In the single-stage control, the proposed controller can reduce
the position error in track following control by 59.6% compared to the conventional PID
controller. In the dual-stage control, the system response was further improved and can reduce the
position error by 31.6% compared to the single-stage control. Finally, the proposed controller was
implemented on an FPGA and the hardware-in-loop verification proved that the system response
and PES results are the same as the simulation results of both the single-stage and the dual-stage
control. This verification guarantees that the proposed controller can be realized for the real hard

disk drives.

Keywords Track following, positioning control, hard disk drive, adaptive PID controller,

single-stage control, dual-stage control, FPGA
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1.2.1 Experimental Study of Adaptive-Q Control for Disk Drive Track-Following

Servo Problem [2]
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1.2.2 A Nonlinear PID Control Scheme for Hard Disk Drive Servo Systems [3]
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1.2.3 The Design of PID Controller for Track Following Control of Hard Disk

Drive using Coefficient Diagram Method [4]
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1.2.4 Following Control of Hard Disk Drive Using Derivative State Constrained

Optimal H, Controls [5]
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1.2.5 Track Following Problem of a VCM Actuator Servo System for Hard Disc

Drives using Predictive Control [6]
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1.2.6 High Performance HDD Servo System using GA Based Fixed Structure

Robust Loop Shaping Control [7], [8]
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1.2.7 Saturation-Induced Instability and Its Avoidance in Adaptive Control of Hard

Disk Drives [9]
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1.2.8 Adaptive Disturbance Rejection in the Presence of Uncertain Resonance Mode

in Hard Disk Drives [10]
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1.2.9 Impulsive Disturbance Rejection in Hard Disk Drives [11]

v
v (% =

Y
<3| 0 a 3 a

unanuiunsiuausIsnIsmMIadyaIunnaINnN1sIuNIulaegn

Y ' v A o . . v 1 = J a s = Y
nszAueg Ui la (Impulsive Disturbance) TunisaruguiIe I/ lsuvesasaadn ala
naue TasmsmudansoauulSuda Iadn ldlussuunmsaruau dweaaslunimilszney

Y o o v W Y an =
1-8 Tumanaaeslaiimseenuvudinsewunlsuai1d Taedsns LMS nlieuiiounans
o o . . 2 and o v o { a

NAABINUITMT¥1110 (Interpolation method) FINVNNIADIITNAWITAMIAdYY IUNIAA

~ 9 [} v A o o 1 = Jd a 9
mﬂmssumummsmuammuw%ulﬂ GL“L!ﬂ”Iiﬂ’J?Jﬂ?JW’J’EﬂH/HJEJHGUBQa"liﬂﬂﬁfﬂﬂ

Y A o
Asznou 1-8 Iﬂﬂﬁﬁ\‘]ﬂlﬂﬂix‘ﬂﬂﬂ’(]‘ﬂﬂlﬁ/]‘n INTDN[11]

1.2.10 GA based Reduced Order Robust Loop Shaping Controller Design for HDD

Servo System with Dual Stage Actuator [12]
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1.2.11 Nonlinear Tracking Control for a Hard Disk Drive Dual-Stage Actuator

System [13]
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2
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Y(5) =U(5)Gyy (5)

-2
=U p1p ()Gyep (8) U g (8)Gyeyy (5) (3-2)
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3.2.1 nMIAIVAN (Control law)
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Tag
e=r—y (3-11)

C=y, -y (3-12)
3.2.2 nM31U50A7 (Adaptive law)
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0.5+0.1cos(1107) +0.05sin(22072) + 0.02sin(44077) + 0.01sin(88077) rom (3-18)
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(3-19)

0.5+ 0.1cos(300¢) + 0.05sin(600¢) pm

d rro2 (1)
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time (s)

Ve 11 2 (RRO2)
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(3-20)

0.5+1.55in(2407¢) + 0.03sin(48077) + 0.006sin(7207) pm
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Device Utilization Summary I-1
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Logic Distribution
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Mumber of Slices containing only related logic 1,477 1,477 100%

Mumber of Slices containing unrelated logic i} 1477 0%
Total Humber of 4 input LUTs 2,832 7,168 39%
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Murnber of BUFGMLU=s 1 g 12%
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An Adaptive PID Controller for Head Positioning in Track Following Control of Hard Disk Drive
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Abstract

This paper presents a head positioning in the track following
control of hard disk drives using an adaptive PID controller for
improving the accuracy of head positioning and reducing the effect of
the disturbance. The study concerns the position error signal (PES)
effect of the repeatable runout (RRO) distrubance for the track
following control in hard disk drives. The adaptive PID controller uses
the least mean squares (LMS) algorithm to adjust the gains K, K., and
K, of the PID controller. The simulation results show that the proposed
method can reduce the position error in track following control by 24%

compared to the conventional PID controller.

Keywords: Track Following, Positioning Control, Hard Disk Drive,

Adaptive PID Controller
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