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1 Introduction

In this paper optical discs are investigated. Examples of these are audio compact discs or CD­
ROM's. The CD-player used is a car loader with a radial rotating arm as displayed in figure 1.1

Figure 1.1 CD-player mechanism

Nowadays usually linear two-stage-mechanisms (with a long stroke sledge and a short stroke
second actuator) are used in CD-players, but the this does not affect the topic of interest of this
report.

For an outsider all optical discs look the same. Once the CD-player will not play the disc, the CD­
player will be returned to the store with the complaint that it does not work like it is supposed to
work. Of course this can be the reason, be it can also be the problem of the disc. Although the
machine, which produces the discs, is an expensive and accurate tool, none of the discs it
produces is perfect.
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A detailed view of a disc is displayed in figure 1.2. In this figure five tracks are visible, with their
pits and dams.

Figure 1.2 Detailed view of the disc

There has to be told that the tracks in this figure are ideal tracks. This means that these tracks
follow an exact spiral, instead of the "wobble" tracks in practice. The intention of the research
done in this paper is to develop an algorithm that can filter the disturbances out of the error
(which has been measured). When this algorithm is known different discs can be compared with
each other. Also conclusions can be made about the contribution of the higher harmonics of the
rotational frequency to these disturbances. With this information different discs can be
characterized.

In a CD-player two errors occur which are interesting with respect to the characterization of
optical discs. These are the focus error of the laser (focus loop) and the radial error of the rotating
arm (radial loop). In this paper only the radial loop has been investigated, because the radial error
contains the most information about the specific disc that is in the CD-player.
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Some irregularities are present in the disc after they are produced. These are unroundness of the
disc, eccentricity of the hole and unroundness of the track (which has to be followed by the laser
spot). In the Hard Disc Drive (HOD) industry these last irregularities are called 'Repeatable Run
Outs' (RRO). It is of course possible to produce an almost perfect disc at a specific machine, but
this will cost the manufacturer too much money, which results in less profit. For this reason
requirements for the CD-player and tolerances for the disc are introduced. The requirement is a
maximum radial error of 0.1 IJm of the laser spot and a maximum disturbance of the disc,
resulting from the irregularities mentioned, from 100 IJm. This requirement is graphically
illustrated in figure 1.3 (left figure). The two right graphics of figure 1.3 show the maximum
tolerances of the disc.

. .

Figure 1.3 requirement and tolerances

As can be noticed from this figure, the laser spot follows the track, which oscillates with an
amplitude of ± 50 IJm, with a maximum radial error of 0.1 IJm.

For the characterization process, first a model for the CD-player has to be developed. This
experimental approach will be outlined in chapter 2. The next step is to develop the filter
algorithm for the disturbance, which will be explained in chapter 3. In chapter 4 this algorithm will
be used to compare different discs with each other. Conclusions and recommendations are made
in chapter 5.
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These points are also depicted in figure 2.2.1 where the PCB (printed circuit board) is displayed.

Figure 2.2.1 PCB

In these figures I represents a point in the loop where a signal can be injected, 0 10 O2 and 0 3

readout-points, K the gain of the sumpoint and d1 & d2 disturbances. With these available points
two measurements are possible: the closed loop measurement and the sensitivity measurement.
At the closed loop measurement a signal is injected at point I and read out at point 0 1. For the
sensitivity measurement these points are I and O2• The closed loop relations for the two
measurements now become as follows:

Closed loop measurement:

o - P(s)C(s)K(s) .I + p(s) .d + 1 .d
1 - 1+ p(s)C(s) 1+ p(s)C(s) 1 1+ p(s)C(s) 2

Sensitivity measurement:

o - K(s) .I + p(s) .d + 1 .d
2 - 1+ p(s)C(s) 1+ p(s)C(s) 1 1+ p(s)C(s) 2

In both measurements disturbances occur. These disturbances will also appear in the measured
output. Since the closed loop response has a decreasing magnitude for high frequencies,
disturbance d2 becomes large compared to the influence of the injected signal. For the sensitivity
measurement disturbance d1 is the restraining factor. At low frequencies this disturbance is
relatively large. This can be discounted for by a right choice of the signal-noise ratio. Disturbance
d2 can be compensated for by the choice of the injected signal. When white noise is chosen to be
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the signal to be injected into the system, the cross spectrum between this signal and d2 becomes
zero (since these two signals are uncorrelated). After this measurement an estimation of the
sensitivity frequency response function is available. The first step to take is to compensate for the
gain K of the sumpoint. When the transfer of the sumpoint has been measured, the gain K of this
sumpoint is known. At this point the sensitivity frequency response function can be multiplied with
this gain. This measurement is done by injecting a signal at point I and measuring at point O2• In
order to get just the gain of the sumpoint the loop has to be cut open. This is done by turning off
the laser.

At this time, the open loop transfer function can be calculated via:

1
S(s) = 1+ p(s)C(s) => p(s)C(s) = S(st -1

The next step now is to measure the transfer function of the controller C,which is necessary to
retrieve a model for the plant P. This can be done in two ways. The first is through a
measurement. This is done by injecting a signal at point I and readout at point 0 3 , Since this is a
closed loop system, the laser and the focus have to be turned off (opening the loop) to get only
the controller out of this measurement. The second method is a more mathematically method.
Since the electrical scheme of the the CD-player is known (Appendix E), the transfer function of
the controller can be calculated with existing electrical engineering rules. When the open loop
frequency response function is divided by the resulting model of the controller, the plant P is
obtained. In order to get a usable plant for further calculations this result has to be fitted. This is
done with the frfit routine in Matlab. With this algorithm the order of the numerator, the order of
the denumerator and the number of integrators can be specified. During the fitting procedure
zoom intervals and weighting functions can be added. The inputs of this algorithm are the
frequency response data and the frequency vector. The output is a state-space description of the
fitted frequency response function. In the next subsection, the previous explained procedure will
be executed in practice.
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3.2 Experiments

The measurement of the radial error has been done by letting the CD-player rotate the disc, using
the internal controller and reading out the error at point 0 1 in figure 2.2. This measurement has
been done for 15 different plates with a record length of 3.2 seconds. For simplicity only the
results of one of the measurements are displayed here. Since the measurements are done with
SigLab the units on the Y-axis are in V(o/ts). The precise conversion rate to Jlm or m
(micrometers or meters) is not known, but this will not be a problem in analyzing the differences
between different discs. This because ihe conversion rate is of course for every plate exactly the
same. This conversion rate has to be known precisely when one wants to say something about
the size of the error. In the used CD-players an error of 0.1 Jlm and an eccentricity of 100 Jlm is
acceptable. The measured error for one disc is displayed in figure 3.2.
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Figure 3.2 radial error

This error now has to be inversely filtered with the sensitivity function in order to obtain the
disturbance. The procedure for desiging a good filter for this activity is described in section 3.2.1.
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4,2Results

Measurements have been done on 10 discs. These consist out of 3 discs from 3 series and 1 disc
where the hole has been treated with a file to enlarge the eccentricity. The radial enor from each
disc has been measured 3 times. In the upper window offlQure4.5 all the spectra of aU the
measurements are displayed. Every serie has been plotted in a different colour (blue black and
red) and the disc which was treated with the file is the magenta one.
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Figure 4.5 spectra of lhe dlsturbllnC9s

As can be noticed from this figure, one red peak moves along the frequency axis. This means
that this is not exactly a muniple orlhe rotational frequency. To be able to say something about
the higher harmonics in relation to the first one, again the normalized spectra were fonned. This
result is displayed in fgure 4.6.
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