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1. 

METHOD FOR CONTROLLING OPTICAL 
PCKUP HEAD UPON SWITCHING FROM 
FOLLOWING MODE TO SEEKING MODE 

Matter enclosed in heavy brackets appears in the 5 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCES TO RELATED 10 
APPLICATIONS 

This patent application is a reissue application for com 
monly assigned U.S. Pat. No. 7, 167,421, issued Jan. 23, 
2007, from U.S. patent application Ser: No. 10/4II, 788, filed 
Apr. 1 1, 2003, which claims priority to Taiwan Application 
Serial Number 91 1 1 0945, filed May 23, 2002, issued as Tai 
wan Patent No. 223796 on Nov. 11, 2004, the disclosures of 
which is hereby incorporated by reference herein in its 
entirety. 
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FIELD OF THE INVENTION 

The present invention relates to a method for controlling 
an optical pickup head, and more particularly to a method 
for controlling an optical pickup head upon Switching from a 
following mode to a seeking mode. The present invention 
also relates to a method for determining an initial kick force 
of an actuator during the optical pickup head is Switched 
from a following mode to a seeking mode. 

25 

BACKGROUND OF THE INVENTION 30 

Optical disks such as compact disks (CDs), video com 
pact disks (VCDs) and digital versatile disk (DVDs) are able 
to be played by recording and reproducing apparatuses. 
When an optical pickup head of an optical disk drive 
operates, the light emitted by a light source Such as a laser 
diode is focused by an object lens of the optical pickup head 
on an optical disk, and the light reflected by the optical disk 
is transmitted to a light sensor to realize information from 
the disk. 

Referring to FIG. 1, the optical pickup head 10 moves 
along two main directions, i.e. a direction perpendicular to 
the disc face, referred as a focusing direction F, and a direc 
tion parallel to the disc face, referred as a following direction 
T. 45 

During operation, a focusing error and a tracking error 
usually arise on the rotating disk. The focusing error is gen 
erally caused by vibration of the disk in the focusing direc 
tion F, and the tracking error is caused by eccentricity of the 
disk in the following direction T. To correct these errors, a 50 
tracking control system for an optical pickup head was 
developed, as can be seen in FIG. 2. The optical pickup head 
20 has six light receiving parts A, B, C, D, E and F for 
producing output signals, when receiving light reflected 
from the optical disk. The output signals of E and F parts are 55 
amplified through a pre-amplifier 21 to produce a tracking 
error signal TE. The tracking error signal TE is processed by 
a lead-lag compensating apparatus 23 included in a digital 
signal processor (DSP). In the lead-lag compensating appa 
ratus 23, either a first lead-lag compensator 231 or a second 60 
lead-lag compensator 232 is selectively used to generate a 
tracking output signal TRO. The tracking output signal TRO 
is transmitted to an actuator 24 to provide a moving force for 
actuating a trace shift of the optical pickup head 20 in the 
following direction accordingly. 65 
The first lead-lag compensator 231 comprises a first lead 

compensator 2311 and a first lag compensator 2312, and the 

35 

40 

2 
second lead-lag compensator 232 comprises a second lead 
compensator 2321 and a second lag compensator 2322. The 
first lead-lag compensator 231 and the second lead-lag com 
pensator 232 have respective gains for complying with vari 
ous operational statuses. For example, the first lead-lag com 
pensator 231 with a relatively low gain is selected when the 
optical pickup head 20 is in a following mode. In contrast, 
the second lead-lag compensator 232 with a relative high 
gain is selected when the optical pickup head 20 is in a 
seeking mode. The term “following mode' used herein 
means that the position of the optical pickup head with 
respect to the tracks is maintained in the proper center posi 
tion above the selected track. The term “seeking mode' 
means that the optical pickup head jumps from one track to 
another. 

In particular, when the optical pickup head 20 is switched 
from a following mode to a seeking mode, the work for 
compensation is shifted from the first lead-lag compensator 
231 to the second lead-lag compensator 232. Meanwhile, the 
second lead-lag compensator 232 is operated under preset 
initial values to provide an initial kick force of the actuator 
24 to move the optical pickup head for seeking operation. 
During the seeking mode, a Velocity error signal Verr is pro 
duced by a velocity profile generator 25 according to a fre 
quency variation level of the tracking error signal TF, which 
is indicative of the velocity of the optical pickup head rela 
tive to the velocity of the disk. The velocity error signal Verr 
is then sent into the second lead-lag compensator 232 to 
adjust the kick force for controlling movement of the actua 
tor 24. 

FIG. 3(a) schematically illustrates some positions of the 
optical pickup head 20 occurring relative to the track 1 of an 
optical disk in a following mode. Due to the influence of 
inherent eccentric feature of the optical disk, which is par 
ticularly significant under high revolving speed, the optical 
pickup head 20 may Swing inwardly or outwardly like a sine 
wave relative to the track such that the positions thereof are 
slightly deviated from the ideal trajectory. Therefore, the 
tracking error signal TE and the tracking output signal TRO 
also Swing in similar sine-wave manners, as can be seen in 
FIGS. 3(b) and 3(c), respectively. That is to say, the optical 
pickup head 20 has different momentum at different posi 
tions upon Switching from the following mode to the seeking 
mode. For example, the optical pickup head 20 Swinging to 
position 2 tends to move toward the track 2. In contrast, the 
optical pickup head 20 Swinging to position 4 tends to move 
toward the track 0. Therefore, at the moment the following 
mode is Switched to the seeking mode, the energy required 
for moving the optical pickup head from different positions 
around a starting track to the target track will be different. 
This effect is particularly significant when the seeking 
operation is a short seeking one. Since the initial value pro 
vided for the second lead-lag compensator 232 is constant in 
the prior art at the moment the optical pickup head is 
switched from the following mode to the seeking mode, the 
above-mentioned effect resulting from varied positions of 
the optical pickup head around the starting track is not con 
sidered by the prior art compensator 232. Therefore, when 
the optical pickup head 20 jumps only a few tracks, for 
example less than ten tracks, seeking failure may occur due 
to the improper initial kick force, which results in inferior 
data pickup performance. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method 
for controlling an optical pickup head upon Switching from a 
following mode to a seeking mode so as to properly deter 
mine an initial kick force of the actuator. 
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It is another object of the present invention to provide a 
method for determining an initial kick force of an actuator 
during the optical pickup head is Switched from a following 
mode to a seeking mode. 

In accordance with an aspect of the present invention, 
there is provided a method for controlling an optical pickup 
head of an optical processing apparatus. The optical pickup 
head is actuated by an actuator of the optical processing 
apparatus in either a following mode or a seeking mode. A 
first compensator of the optical processing apparatus with a 
first gain is disabled, and a second compensator of the opti 
cal processing apparatus with a second gain higher than the 
first gain is enabled when the optical pickup head Switches 
from the following mode to the seeking mode. Then, an 
initial operating factor of the second compensator is deter 
mined according to a last input value and a last output value 
of the first compensator, which are realized immediately 
before the first compensator is disabled in order to calculate 
an initial kick force of the actuator in the seeking mode. 
Finally, the optical pickup head is actuated to perform a 
seeking operation with the initial kick force. 

Generally, the initial kick force is used for actuating the 
optical pickup head before a velocity feedback control of the 
optical pickup head is entered. Afterwards, the initial operat 
ing factor of the second compensator is replaced by an 
updated operating value realized in response to a Velocity 
error signal to adjust a kick force of the actuator under the 
velocity feedback control of the optical pickup head. 

In an embodiment, the first compensator and the second 
compensator are lead-lag compensators. The initial operat 
ing factors of the second lead-lag compensator is an output 
value a(nseek) of the lag compensator of the second lead-lag 
compensator, wherein 

where 
b(nseek) is an input value of the lag compensator of the 

second lead-lag compensator, 
X(ntrack) and Y(ntrack) are the last input and the last 

output values of a lag compensator of the first lead-lag 
compensator, respectively, and 

k1,k2 and k3 are coefficients. 
For example, the optical processing apparatus includes an 

optical pickup apparatus selected from one of a compact 
disk-read only memory (CD-ROM) drive and a digital versa 
tile disk-read only memory (DVD-ROM) drive. And, the 
optical processing apparatus includes an optical recording 
apparatus selected from a group consisting of a compact 
disk-recordable (CD-R) drive, a compact disk-rewritable 
(CD-RW) drive, a digital versatile disk-recordable (DVD-R) 
drive, a digital versatile disk-rewritable (DVD-RW) drive 
and a digital versatile disk-random access memory (DVD 
RAM) drive. 

According to another aspect of the present invention, 
there is provided a method for controlling an optical pickup 
head of an optical processing apparatus upon Switching from 
a following mode to a seeking mode. The optical processing 
apparatus further comprises a first compensator with a first 
gain, a second compensator with a second gain higher than 
the first gain, and an actuator for moving the optical pickup 
head in either the following mode or the seeking mode. The 
method comprises steps of disabling the first compensator 
and enabling the second compensator, and determining an 
initial kick force of the actuator for moving the optical 
pickup head at the moment that the seeking mode is entered 
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4 
according to an operating factor of the first compensator 
before the first compensator is disabled. 

In an embodiment, the initial kick force is determined in 
response to an initial output values of a lag compensator of 
the second lead-lag compensator, and the initial output value 
correlates to last input and output values of a lag compensa 
tor of the first lead-lag compensator realized immediately 
before the lag compensator of the first lead-lag compensator 
is disabled. 

According to another aspect of the present invention, 
there is provided a method for determining an initial kick 
force for moving an optical pickup head upon the optical 
pickup head is Switched from a following mode to a seeking 
mode. The method includes steps of disabling a first com 
pensation operation applied to the following mode and 
enabling a second compensation operation applied to the 
seeking mode, determining on output value of the second 
compensation operation according to an output value of the 
first compensation operation, and determining the initial 
kick force in response to the output value of the second 
compensation operation. 
The above objects and advantages of the present invention 

will become more readily apparent to those ordinarily 
skilled in the art after reviewing the following detailed 
description and accompanying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically illustrates a typical optical pickup 
head; 

FIG. 2 is a functional block diagram illustrating a typical 
tracking control system for on optical pickup head; 

FIG. 3(a) schematically illustrates some positions of the 
optical pickup head occurring relative to track 1 of an optical 
disk in a following mode; 

FIG.3(b) is a schematic waveform diagram illustrating a 
tracking error signal TE in a following mode; 

FIG. 3(c) is a schematically waveform diagram illustrat 
ing a tracking output signal TRO in a following mode; and 

FIG. 4 is a flow chart of the method according to a pre 
ferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In order to overcome the problems in the prior art, a 
method for controlling an optical pickup head is developed. 
The method is now illustrated based on a tracking control 
system of FIG. 2. The first lead-lag compensator 231 with a 
relatively low gain is selected for determining the kick force 
of the actuator 24 when the optical pickup head 20 is in a 
following mode. In contrast, the second lead-lag compensa 
tor 232 with a relative high gain is selected when the optical 
pickup head 20 is in a seeking mode. 
The method for controlling the optical pickup head 20 of 

an optical processing apparatus, for example a compact disk 
read only memory (CD-ROM) drive or a digital versatile 
disk-read only memory (DVD-ROM) drive, will be 
described as follows with reference to FIG. 4. 

When the optical pickup head 20 switches from a follow 
ing mode to a seeking mode, the first lead-lug compensator 
231 is disabled and the second lead-lag compensator 232 is 
enabled, as indicated in Step 41. Meanwhile, the last input 
value and the last output value of the first lead-lag compen 
sator 231 in the following mode is loaded into the second 
lead-lag compensator 232 to realize an initial output value 
according to a predetermined formula, as indicated in Steps 
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42 and 43. Then, in Step 44, an initial kick force of the 
actuator 24 in the seeking mode is determined according to 
the initial output value. The optical pickup head 20 is then 
moved by the actuator 24 under the initial kick force. 
Further, the motion-related information of the optical pickup 
head 20 in response to the kick force is provided to the 
pre-amplifier 21 so as to realize the tracking error signal TE. 
During the seeking mode, the Velocity error signal Verr is 
produced by the velocity profile generator 25 according to 
the frequency variation level of the tracking error signal TE, 
as indicated in Step 45. The second lead-lag compensator 
232 thus determines an updated output value according to 
the velocity error signal Verr and the predetermined formula, 
as indicated in Step 46. Therefore, an updated kick force of 
the actuator 24 is determined according to the updated out 
put value, as indicated in Step 44. The kick force is being 
updated by keeping on monitoring the position of the optical 
pickup head relative to the optical disk. 

In an embodiment, the output values of the first lag com 
pensator 2312 and the second lag compensator 2322 are cal 
culated by the following equations (1) and (2), respectively: 

where 

X(m) and Y(m) are input and output values of the first lag 
compensator 2312 in a following mode, respectively, 

a(n) and b(n) are input and output values of the second lag 
compensator 2322 in a seeking mode, respectively, and 

k1,k2 and k3 are coefficients. 
It is assumed that the last input and the last output values 

of the first lag compensator 2312 obtained immediately 
before the following mode changes to the seeking mode are 
X(ntrack) and Y(ntrack), respectively, and the initial input 
and output values of the second lag compensator 2322 are 
a(nseek) and b(nseek), respectively. Thus, 

Y(Intrack)=k1xX(ntrack)+k2xX(ntrack-1)+k3xY(ntrack-1) (3); and 

In accordance with the present invention, the last input 
and the last output values X(ntrack) and Y(ntrack) of the first 
lag compensator 2312 are incorporated into the equation (4) 
to substitute for the values b(nseek-1) and anseek-1), 
respectively, and the value b(nseek) is a preset value. 
Therefore, when the optical pickup head 20 is switched to 
the seeking mode, the output value a(nseek) of the second 
lag compensator 2322 is obtained by the following equation: 

a (inseek)=k1xb(inseek)+k2xX(ntrack)+k3xY(ntrack) (6) 

Therefore, the second lead-lag compensator 232 incorpo 
rates therein the operational factors of the first lead-lag com 
pensator 231. 

According to the present invention, at the moment the 
following mode changes to the seeking mode, the power 
required for moving the optical pickup head from different 
positions around a starting track to the target track will be 
properly determined by referring to the operating factors of 
the previous compensator used in the following mode. 

Since the last input and the last output values X(ntrack) 
and Y(ntrack) of the first lag compensator 2312 are utilized 
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6 
for determining the initial operating factors of the second 
lead-lag compensator 232, the initial kick force of the actua 
tor 24 provided for the optical pickup head 20 at the begin 
ning of a seeking mode can be precisely calculated accord 
ing to the initial output value or the second lead-lag 
compensator 232. Such appropriate initial kick force is 
advantageous for performing an effective seeking operation, 
especially a short seeking operation. 
The present invention is illustrated by referring to an opti 

cal pickup apparatus such as a compact disk-read only 
memory (CD-ROM) drive or a digital versatile disk-read 
only memory (DVD-ROM) drive. Nevertheless, the present 
invention can be applied to an optical recording apparatus, 
for example, a compact disk-recordable (CD-R) drive, a 
compact disk-rewritable (CD-RW) drive, a digital versatile 
disk-recordable (DVD-R) drive, a digital versatile disk 
rewritable (DVD-RW) drive and a digital versatile disk 
random access memory (DVD-RAM) drive. 

While the invention has been described in terms of what is 
presently considered to be the most practical and preferred 
embodiments, it is to be understood that the invention needs 
not be limited to the disclosed embodiments. On the 
contrary, it is intended to cover various modifications and 
similar arrangements included within the spirit and scope of 
the appended claims which are to be accorded with the 
broadest interpretation so as to encompass all such modifica 
tions and similar structures. 
What is claimed is: 
1. A method for controlling an optical pickup head of an 

optical processing apparatus, said optical pickup head being 
actuated by an actuator of said optical processing apparatus 
in either following mode or a seeking mode, said method 
comprising steps of 

disabling a first compensator of said optical processing 
apparatus with a first gain and enabling a second com 
pensator of said optical processing apparatus with a 
second gain higher than said first gain when said optical 
pickup head Switches from said following mode to said 
seeking mode; 

determining an initial operating factor of said second 
compensator according to a last input value and a last 
output value of said first compensator, which are real 
ized immediately before said first compensator is dis 
abled in order to calculate an initial kick force of said 
actuator in said seeking mode; and 

actuating said optical pickup head to perform a seeking 
operation with said initial kick force. 

2. The method according to claim 1 wherein said initial 
kick force is used for actuating said optical pickup head 
before a velocity feedback control of said optical pickup 
head is entered. 

3. The method according to claim 2 wherein said initial 
operating factor of said second compensator is replaced by 
an updated operating value realized in response to a Velocity 
error signal to adjust a kick force of said actuator under said 
velocity feedback control of said optical pickup head. 

4. The method according to claim 1 wherein said first 
compensator and said second compensator are lead-lag com 
pensators. 

5. The method according to claim 4 wherein said initial 
operating factor of said second compensator is an output 
value a(nseek) of a lag compensator of said second lead-lag 
compensator, and 
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where 
b(nseek) is an input value of said lag compensator of said 

second lead-lag compensator, 
X(ntrack) and Y(ntrack) are said last input and said last 

output values of a lag compensator of said first lead-lag 
compensator, respectively, and 

k1,k2 and k3 are coefficients. 
6. The method according to claim 1 wherein said optical 

processing apparatus includes an optical pickup apparatus 
selected from one of a compact disk-read only memory (CD 
ROM) drive or a digital versatile disk-read only memory 
(DVD-ROM) drive. 

7. The method according to claim 1 wherein said optical 
processing apparatus includes an optical recording apparatus 
selected from one of a compact disk-recordable (CD-R) 
drive, a compact disk-rewritable (CD-RW) drive, a digital 
versatile disk-recordable (DVD-R) drive, a digital versatile 
disk-rewritable (DVD-RW) drive, or a digital versatile disk 
random access memory (DVD-RAM) drive. 

8. A method for controlling an optical pickup head of on 
optical processing apparatus upon Switching from a follow 
ing mode to a seeking mode, said optical processing appara 
tus further comprising a first compensator with a first gain, a 
second compensator with a second gain higher than said first 
gain, and an actuator for moving said optical pickup head in 
either said following mode or said seeking mode, and said 
method comprising steps of 

disabling said first compensator, and enabling said second 
compensator, and 

determining an initial kick force of said actuator for mov 
ing said optical pickup head at the moment that said 
seeking mode is entered according to an initial output 
value of a lag compensator of said second compensator, 
which correlates to last input and output values of a lag 
compensator of said first compensator before said lag 
compensator of said first compensator is disabled. 

9. The method according to claim 8 wherein said first 
compensator and said second compensator are lead-lag com 
pensators. 

10. The method according to claim 9 wherein said initial 
output value a(nseek) of said lag compensator of said second 
lead-lag compensator is calculated by the following equa 
tion: 

where 

X(ntrack) and Y(ntrack) are said last input and said last 
output values of said lag compensator of said first com 
pensator realized immediately before said lag compen 
Sator of said first compensator is disabled, respectively, 

b(nseek) is an initial input value of said lag compensator 
of said second lead-lag compensator, and 

k1,k2 and k3 are coefficients. 
11. The method according to claim 8 wherein said optical 

processing apparatus includes an optical pickup apparatus 
selected from one of a compact disk-read only memory (CD 
ROM) drive or a digital versatile disk-read only memory 
(DVD-ROM) drive. 

12. The method according to claim 8 wherein said optical 
processing apparatus includes an optical recording apparatus 
selected from one of a compact disk-recordable (CD-R) 
drive, a compact disk-rewritable (CD-RW) drive, a digital 
versatile disk-recordable (DVD-R) drive, a digital versatile 
disk-rewritable (DVD-RW) drive, or a digital versatile disk 
random access memory (DVD-RAM) drive. 
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8 
13. A method for determining an initial kick force for 

moving an optical pickup head upon said optical pickup 
head is Switched from a following mode to a seeking mode, 
said method comprising steps of 

disabling a first compensation operation applied to said 
following mode and enabling a second compensation 
operation applied to said seeking mode; 

determining an output value of said second compensation 
operation according to an output value of said first com 
pensation operation; and 

determining said initial kick force in response to said out 
put value of said second compensation operation. 

14. The method according to claim 13 wherein said first 
and said second compensation operations are performed by 
respective lead-lag compensators. 

15. The method according to claim 14 wherein said first 
and said second compensation operations are performed by 
respective lag compensators of said lead-lag compensators. 

16. A method for controlling a pickup head of an optical 
processing apparatus, COmprising: 

disabling a first compensator of the optical processing 
apparatus and enabling a second compensator of the 
optical processing apparatus when the optical pickup 
head switches from a first operating mode to a second 
operating mode, 

determining an initial operating factor of the second com 
pensator based on an initial output value of a lag com 
pensator of the second compensator, and 

calculating an initial kickforce to actuate the pickup head 
in the second operating mode, wherein the initial out 
put value correlates to an output of a lag compensator 
of the first compensator. 

17. The method according to claim 16, wherein a second 
gain value associated with the second compensator is 
greater than a first gain value associated with the first com 
pensator. 

18. The method according to claim 16, wherein the optical 
pickup head utilizes the initial kick force to perform a seek 
ing Operation of the optical processing apparatus. 

19. A method for controlling an optical pickup head of an 
optical processing apparatus upon switching from a first 
operating mode to a second operating mode, the optical pro 
Cessing apparatus Comprising a first Compensator, a second 
compensator; and an actuator for moving the optical pickup 
head in either the first operating mode or the second operat 
ing mode, the method comprising: 

disabling the first compensator and enabling the second 
compensator, and 

determining an initial kickforce of the actuator to operate 
the optical pickup head in the second operating mode, 
wherein the initial kick force corresponds to an initial 
output value of a lag compensator of the second 
compensator; and wherein the initial output value cor 
relates to a final input value and a final output value of 
a lag compensator of the first compensator: 

20. The method according to claim 19, wherein a second 
gain value associated with the second compensator is 
greater than a first gain value associated with the first com 
pensator. 

21. The method according to claim 19, wherein the first 
operating mode includes a following mode of the optical 
processing apparatus. 

22. The method according to claim 19, wherein the second 
operating mode includes a seeking mode of the optical pro 
Cessing apparatus. 

23. The method according to claim 19, wherein the optical 
pickup head utilizes the initial kick force to function accord 
ing to the second operating mode of the optical processing 
apparatus. 
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24. An optical processing apparatus, comprising: 
a pickup head configured to access information from an 

optical medium, 
an actuator configured to operate the pickup head in a 

following mode or a seeking mode, 
a first compensator configured to control the actuator 
when the pickup head operates in the following mode, 
and 

a second compensator configured to control the actuator 
when the pickup head operates in the seeking mode, 

10 
wherein when the pickup head switches from the follow 
ing mode to the seeking mode, the optical processing 
apparatus provides the actuator an initial kick force 
corresponding to an initial output value of a lag com 
pensator of the second compensator, and wherein the 
initial output value correlates to a final input value and 
a final output value of a lag compensator of the first 
compensator: 
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