Proceedings of the 41st IEEE
Conference on Decision and Control
Las Vegas, Nevada USA, December 2002

WeMO05-1

Frequency Adaptive Control Technique of Compact Disk
Drives for Rejecting Periodic Runout !

Jieng—Jang Liu?®

Abstract

This paper proposes a novel adaptive controller for re-
jecting the periodic runout of a track following system
in the compact disk drives. The control objective is
to attenuate adaptively the specific frequency contents
of runout disturbances without amplifying its rest har-
monics. Being depends on the position of the disk, the
proposed controller is applicable to both the spindle
modes of constant linear velocity (CLV) and constant
angular velocity (CAV) for varicus operation speeds.
The experimental results show that the novel control
strategy leads to a satisfactory performance in terms of
the reduction of tracking error of compact disk drives,

1 Introduction

In this paper, a novel Frequency Adaptive Control
Technique (FACT) aims to eliminating the periodic
runout effect on the track-following system in the opti-
cal disk drives is proposed. Compare to the widely used
Adaptive Feedforward Cancellation (AFC) [1, 2, 3]
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Fig. 1: Periodic runout rejection for Optical Disk Drives

2.1 Periodic Runout Identification

A bank of Frequency Sampling Filter {FSF) {4] defined

as,
Ha(2)= s = 1+ Wiz

AWt 4y W;(N—l)z—(N—l)

where W} = exp(j%#) end n=0,1,--- ,N — 1.

Theorem 1. Let w; be the fundamental frequency,

and the periodic signal e(t) denoted as

(1)

M
schemes which are suitable for the cases that the :
e(t) = t+b t (2
disk running at single angular velocity, the proposed ®) ;(an coswat -+ by sinwnf) &

method provides a single runout cancellation structure
to apply to the variable speeds requirement of the CAV
and CLV modes. The FACT controller along with
the original feedback ones are implemented in a single
FPGA device to validate its application for a compact
disk drive.

2 Algorithmn of FACT

The FACT setup is realized in a plug-in configuration
as shown in Fig. 1, in which the proposed algorithm
is illustrated in the dash-line box. The track-following
system, which composed of fine actuator Gy(s) and
coarse actuator G.{s), effected by the periodic runout
d(t) is controlled by the feedback controllers Cr(s),
Ce(s} as well as the output »(t). In the FACT box,
e(t) is first filtered by a low pass filter, and then been

where M is the highest harmonic order, w, = nw, and
On, by, are variables to be identified. For the input e(t)
be sampled at N values for each period, and the output
of each filter described as

N .
Enlk) = Hnlz)e(k) = Z-(on +50n) 3
where, n = 1,2,-.- , M, then the variables a,, and &,
in (2) can be identified on-line as

Qn = Gy COSwnt + G, sinw,t A
by = o sinwpt — B cOSwyt )
and the least value of N is N = 2M + 2.
It’s worth noticing that not the full bank filters but
only the M filters are needed to be implemented.

2.2 Adaptation Formulation

Let the output »(t) designed as

M
sampled at N equally spaced points for each complete o(t) = Z(I COSwat + Ypn SiNwpt) (5)
rotation of the disk. o1 " " " "
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where, the on-line adaptation of variables z, and y,
are to be formulated, and the vectors A, B, X and
Y as A=[a1a2 - am]T, B =[b1be- byl?, X =
(122 - am]T, Y = [gny2 - ym|”, where, an, by, are
given by (4) and zn, yn are variables described in (5).
The penalty function J is defined as the total energy
of e(t} at w, such that
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Fig. 2: Periodic runout rejection for Optical Disk Drives

Fig. 3: TS (ch2) and PS (ch3) of e(t) for disk running at
6,780 RPM. {(a) FACT off; (b)FACT on.

1
J=5(ATA+ BTB) (6)
According to the gradient descent algorithm [5], we
have aJ

X(GE+1)=X(1)— p—
{i+1) = X(i) —p gf .
Y+ =Y0) - gy
where, the adaptation gain p > 0 such that the descen-
dent of J is guaranteed. For system with input as v(t)
and output as e{t) expressed as
e(s) _ Gy = _ Gy
5@ T 14+ Gfo + GcCch T 14 Gfo
and let W{jw.) = Wrlwn) + jW;(w,), we have (8)
an + Jbp = {Welwn) + jWilwn)Hon + ya)  (9)

= Wi(s)

and - dan oy 2w
Oz, Oy (10)
?ETL:w.(w) 9n W)
;e ilWnj, By riln

Substitute the gradients of J as,
aJ &J
X P A+ Py B, W PoyA+ BB (11)

leads to the adaptation law in (7) as
i+ 1) =2a(2) — u[Welwn)an + Wilwn )by
{yn(i + 1) :yn(i) - #["Wi(wn)an + Wr(wn)bn]
withn=1,2,---, M. (12)

3 Experimental Results
The experimental results show the successful runout re-
jection when the disk operating at the high-speed CAV
meode and the slow CLV mode. Fig. 2 shows the ex-
perimental setup in which the FG accounting for the
disk position decoder signal.  For the disk is run-
ning at 6, 780 RPM, Fig. 3 shows the time series (ch2)

Fig. 4: TS (ch2) and PS (ch3) of e(t) for disk running at
CLV. {a) FACT off; (b)FACT on.

and power spectrum (ch3) of e(t). It is clear that, in
(a), there are significant steady error up to 3th order
harmonics which equivalent to the maximum of 0.1pm
runout, while, in (b), the harmonic contents are com-
pletely canceled through the FACT. When the disk run-
ning at slower CLV mode, Fig. 4 shows the dominant
fundamental harmonic has been canceled completely.

4 Conclusion

A novel frequency adaptive control technique is pro-
posed and examined on a compact disk drive. Both
the theoretical and experimental results show that the
periodic runout harmonics can be rejected simultane-
ously and efficiently for both CAV and CLV spindle
modes under variable playing speed. The rejection de-
voted to some candidate harmonic components will not
influence the uncompensated ones. In view of applica-
tion requirement, the proposed FACT can be extended
for the runout rejection to various compact disk drives,
such as CD-ROM, CD-RW or DVD-ROM drives.
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Abstract

In this short paper we very briefly describe a class of
sensors which have proven very useful in control prob-
lems for distributed parameter systems. These sensors,
which provide approximate point evaluation for infinite
dimensional systems, also rapidly damp high frequency
oscillations. The sensors are obtained as convolution
integrals over small spatial regions with kernels that
possess rather interesting properties. In this short work
we will very briefly describe the kernels, give some of
their important properties. We expect that the under-
lying kernels will find many applications in other areas
where there is a desire to have smooth compactly sup-
ported sensors that rapidly damp the effects of high
frequency modes. In particular, these kernels can be
used as efficient small-scale spatial mollifiers with effi-
cient spectral filtering properties in computational fluid
dynamics. For complete details we refer to our forth-
coming paper [1].

1 Introduction

In many important practical problems in applied math-
ematics and engineering applications to distributed pa-
rameter systems it is desirable to model approximate
point evaluation sensors with special properties. Of-
ten such sensors are described by convolution operators
with kernels given by an approximate delta sequence.
In our recent work [1] we have discovered a special
class of such sensors that are particularty well suited
to problems of output regulation in which a parabolic
type problem is to be controlled so as to have an out-
put track (or reject) the output of a highly oscillatory
hyperbolic system. Examples include the problem of
controlling a flexible structure in order to reject an un-
known disturbance (noise} generated by a exogenous
system of hyperbolic type, for example an acoustic sys-
tem. For such systems it is desirable to have sensors
providing approximate point measurements as cutputs
which can be processed in order to design a regula-
tor that will suppress the undesired noise. Many other
types of applications arise as general problems in out-
put regulation of distributed parameter systems with

1Research supported by AFOSR Grant #-F49620-01-10039,

2Systems Science and Math, Washington University, St.
Louis, MO 63130, e-mail: chrisbyrnes@seas.wustl.edu

3Mathematies and Statistics, Texas Tech University, e-mail:
gilliam@math.ttu.edu e-majil: vshubov@math. ttu.edu

4ICAM, VT & State University, e-mail: burns@icam.vt.edu

0-7803-7516-5/02/$17.00 ©2002 IEEE

David S. Gilliam and Victor I. Shubov?

John A. Burns?

infinite dimensional exosystems. For problems of out-
put regulation when the plant to be regulated is of
parabolic type and the exosystem generating signals to
be tracked or disturbances to be rejected is also infi-
nite dimensional and of hyperbolic type one is often
confronted with a serious difficulty in computing the
desired feedback law. The difficulty comes from the
fact that parabolic systems tend not to support rapid
oscillations while hyperbolic systems usually support
modes of increasing oscillation. To deal with this prob-
lem it is desirable to design sensors for the hyperbolic
exosystem that damps high order oscillations at a suf-
ficiently fast rate {1]. This requirement stems from ex-
plicit formulas for the feedback gain as obtained in our
recent works (2, 3].

Gur main point in this work is the modelling of a class
of one parameter families of output operators Qf,m) that
approximate point evaluation and also rapidly damp
high order oscillations. We are particularly interested
in sensors that arise as convolution with a smooth com-
pactly supported kernel function and among such func-
tions we are interested in exponentially damping high
order oscillations. The output operators presented here
have the form

v) = @00 = [ KM - gulenas, (1)
(0,1} 0D<p<l,

where, for example, w(£,t) might represent the solu-
tion to a wave equation. The kernel functions kf,m) are
derived as examples from a class of so-called Schwartz
type test functions described in [4]. We note that there
are no explicit examples given in [4]. One of the ma-
jor results of the work [1] is the discovery of explicit
examples of functions in the classes defined in [4] and
presented in Section 2.

2 The Kernels and Their Properties

In order to describe our results we first present some
notation and elementary facts from the theory of
Schwartz type test functions and their Fourier trans-
forms [4]. We denote by C°°(R) the space of infinitely
differentiable functions on the real line R and by 8 the
subspace of rapidly decreasing functions. We denote
by C§°(R) the subspace of 8 consisting of functions in
C*™(R) with compact support. The Fourier transfor-
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