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Reduction of Seek Time of Tracking Actuator with Pulsed Excitation in Optical Disk
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Time consumption during the track seek is an important factor which indicates the ability of an optical disk system. In a
two-stage tracking actuator, latency time exists before the laser beam follows the destination track because of the vibration of
the fine actuator. Modified velocity profiles and control techniques for the actuator have been proposed to reduce the latency
time. When a fine actuator is locked to the coarse actuator, another latency time caused by the disk eccentricity cannot be
reduced. It becomes possible to forecast the eccentricity as the rotation type of the optical disk changes to constant angular
velocity (CAV). Thus the latency time can be reduced by excitation of the fine actuator with the same velocity of the track
when the coarse actuator stops. Pulsed excitation is used for the excitation. This method is applied to a compact disk read-only
memory (CD-ROM).
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1. Introduction

In an optical disk system, the beam spot is usually con-
trolled by a two-stage actuator. The two-stage actuator can
be divided into two parts: the fine actuator which can move a
short distance of about 1 mm, and the coarse actuator which
can move a long distance of about 10–50 mm.

Disk tracks have a width of 0.5µm and a pitch of 1.6µm.
The oscillation amplitute of the disk track is about 50µm, but
it increases to 100µm when the disk is placed on a spindle
motor.

The rotation type of the spindle motor was changed from
constant linear velocity (CLV) to constant angular velocity
(CAV). Thus it is possible to forecast the track eccentricity
because its frequency is not changed for all track positions.

The fundamental track seek sequence proceeds in the fol-
lowing steps. First, the beam spot is moved to the approxi-
mate area of the destination track by the coarse actuator. Due
to the vibration of the fine actuator, however, the beam spot
cannot immediately follow any track. It is therefore neces-
sary to wait until the velocity difference between the beam
spot and a track becomes less than a given value. After this
“latency time,” the beam spot can follow and read the address
of a neighboring destination track. Finally, the beam spot ar-
rives at the destination after the track jump.

Many optimized trajectories and control techniques for the
fast coarse movement have been introduced.1,2) Some of these
results are also applicable to a hard disk drive (HDD).3,4)

There are some papers addressing the minimization of vibra-
tion of the fine actuator during the coarse movement.5–7)

Even though the vibration is completely eliminated, an-
other latency time due to the track oscillation will remain.
It is, therefore, very hard for the beam spot to follow a track
after the coarse movement. The latency time can be zero if
the velocity of the fine actuator is the same as that of a track.
In this study, a method which can eliminate the velocity dif-
ference is proposed.

2. Modeling of a Two-Stage Actuator and Disk Tracks

Figure 1 shows a schematic diagram of a two-stage actua-
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Fig. 1. Schematic diagram of the two-stage actuator.

Xf(s) = KcVc(s)− Mfs2Xp(s)

Mfs2+ Cfs+ Kf
(1)

Xp(s) = γVm(s)

KEs(1+ τMs)
, (2)

coarse one, the acceleration of the coarse one affects that of
the fine one; so it easily oscillates when the coarse actuator

whereMf is the mass,Cf is the damping coefficient andKf

is the spring constant of the fine actuator.Kc is the constant
which is determined by the coil and the magnet of the fine
actuator.KE is the back electromotive force (e.m.f.) constant
andτM is the mechanical time constant of the coarse actuator.
γ is the ratio ofXp to the rotation angle of the motor.

The mass of the fine actuator is negligibly smaller than that
of the coarse one. Because the fine actuator is loaded on the

tor. Fm and Fc are the forces driving the coarse actuator by
a DC motor and the fine one by a voice coil motor (VCM),
respectively. Xp is the absolute displacement of the coarse
actuator. Xf is the relative velocity of the fine actuator with
respect to the coarse one.X is the absolute displacement of
the beam spot, and can thus be represented by the sum ofXf

and Xp. Let Vc be the fine actuator input andVm the coarse
one. Then we can derive the following equations for each
actuator:



Jpn. J. Appl. Phys. Vol. 39 (2000) Pt. 1, No. 12A H.-J. LIM et al. 6547

moves. This is one of the most severe problems of the track
seek.

Let ω be the angular velocity of the optical disk, andR0

andφ0 the amplitude and the phase of the oscillation of tracks,
respectively. Then, the velocity of the track oscillationvt can
be represented as

vt(t) = R0ω cos(ωt + φ0), (3)

whereR0 andφ0 can be sufficiently forecasted by the tracking
error signal before the track seek.

3. Pulsed Excitation with the Feedforward Compensator

Figure 2 shows a block diagram of the feedforward com-
pensator and the excitation input.Vm is the coarse actuator
input. Vc andVE are the feedforward and the excitation input
for the fine actuator, respectively.Vc can be obtained from the
coarse actuator model andVm. As well, VE can be obtained
by the fine actuator model and the tracking error signal before
the track seek.

The ultimate goal of the feedforward compensator is to
have no vibration of the fine actuator from the coarse one
by compensating the inertia force. In an ideal case, the la-
tency time can be markedly reduced. Furthermore, it does not
need to modify the velocity profile of the coarse actuator. The
trapezoidal velocity profile of the coarse actuator is used to
minimize coarse moving time.

3.1 Velocity generation by pulsed excitation
After unit voltage input is applied to the fine actuator dur-

ing the timetp, its displacement and velocity become

xjp = Kc

Kf

{
1− e−σ tp

(
cos(ωdtp)+ σ

ωd
sin(ωdtp)

)}
(4)

vfp = Kc

Kf
e−σ tp

(
σ 2

ωd
+ ωd

)
sin(ωdtp), (5)

whereωn is the undamped natural frequency andξ is the
damping ratio of the fine actuator.ωd andσ areωn

√
1− ξ2

andξωm, respectively. After the timetr is passed, the velocity
and the acceleration can be represented as follows.

vfr = e−σ tr

{
vjp cos(ωdtr)− (σ

2+ ω2
d)xfp + σvfp

ωd
sin(ωdtr)

}
(6)

afr = e−σ tr

[
− {(σ 2+ ω2

d)xfp + 2σvfp} cos(ωdtr)

+ 1

ωd
{σ(σ 2+ ω2

d)xfp + (σ 2− ω2
d)vfp} sin(ωdtr)

]
(7)

From eqs. (6) and (7), we can find the minimum positive

tr that makesafr zero. This means that there is no velocity
change attr.

The voltage level for the excitation input,Vp, which makes
vft the same asvt at tc, is shown in eq. (8).VE in Fig. 2 can be
obtained fromtp, tr andVp, as shown in Fig. 3.

Vp = −R0ω cos(ωtc + φ0)

vfr
(8)

3.2 Simulation of the track seek
Figure 4 shows the beam trajectory for two cases: with ex-

citation input or without. The dotted line indicates a disk track
and the solid line indicates the beam trajectory. There is no
latency time when the excitation input is used with the feed-
forward compensator. Table I shows the coarse movement
time tc, the average latency timetl , and the track pull-in time
tc + tl for all cases when the disk rotates at 1800 rpm.

The time reduction with the feedforward compensator and
the excitation input is 58.5 ms which is 32% of the track
pull-in time. The effects of the excitation input are 13%.

4. Experiments and Error Analysis

Figure 5 shows the experimental setup. The two-stage ac-
tuator is controlled by a digital signal processor (DSP). The
velocity and displacement profiles can be measured by the
optical sensor.
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Fig. 2. Block diagram of pulsed excitation with the feedforward compen-
sator.
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Fig. 3. Excitation input for the two-stage actuator.

Fig. 4. Beam trajectory (a) without (b) with excitation input.

Table I. Comparison of time consumption.

Feedforward Pulsed ta tl ta+ tl
compensator excitation (ms) (ms) (ms)

Not used Not used 124.3 58.5 182.8

Used Not used 124.3 7.6 131.9

Used Used 124.3 0 124.3
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4.1 Feedforward compensator
When the feedforward compensator is used, actuator in-

puts and their velocity profiles are as shown in Fig. 6. There
is some difference between the ideal velocity profile of the
coarse actuator and the real one, thus the modified feed-
forward compensation inputv′c is used instead ofvc. In
this experiment,vf is about−4–2 mm/s during the coarse
movement. When the coarse actuator stops, the displace-
ment and the velocity of the fine actuator are 10µm and
−1.22 mm/s, respectively, and this is sufficiently small. The
track pull-in time is 131.9 ms with the feedforward compen-
sator, and 188.4 ms without one.

4.2 Pulsed excitation with the feedforward compensator
Figure 7 shows the results of experiments on the excitation

of the fine actuator in the case of the maximum track velocity
when the excitation input is used. The error of the velocity
generation is 0.5 mm/s. The measured velocity for various
desired values is shown in Fig. 8 and Table II. The maximum
velocity error is 1.2 mm/s. The track pull-in time is 124.3 ms
for all cases.

Table II. Velocity for various desired values.

Desired velocity
13.2 9.9 6.6 3.3 0.0

(mm/s)

xf (µm) 26 35 31 26 10

vf (mm/s) 12.7 9.7 6.6 2.4 −1.2

Velocity error (mm/s) −0.5 −0.2 0.0 −0.9 −1.2
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Fig. 5. Experimental setup.

Fig. 6. Experimental result when the feedforward compensator is used.

Fig. 7. Experimental result when the feedforward compensator and the ex-
citation input are used.
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Fig. 8. Velocity variation of the fine actuator according to the velocity con-
dition.
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4.3 Velocity error due to modeling error of the fine actuator
The fine actuator is a second-order system, as shown in

eq. (1). For the fine actuator used in the experiment,ξ and
ωn are 0.11 and 251 rad/s, respectively.

Some manufacturing errors exist in the natural frequency
and the Q-factor. The corresponding velocity errors are
shown in Table III. When the Q-factor is−3 dB, the maxi-
mum velocity error is 1.6 mm/s. This is, however, an allow-
able value.

5. Conclusions

To reduce the track seek time for optical disk systems,
many studies on the modification of actuators and controllers

have been carried out. It has been assumed that there is no
track oscillation. The track eccentricity is mainly considered
in this study and it is verified that the corresponding latency
time can be reduced by excitation of the fine actuator.

Further studies will investigate the application of this
method to the entire optical disk system.
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Table III. Velocity error due to modeling error.

Maximum Maximum

modeling error velocity error (mm/s)

Resonance +2 Hz −0.23
frequency −2 Hz −0.06

Q-factor
+3 dB +1.26

−3 dB −1.58


