DESCRI PTI.ON  ° OPTI CAL DI SK APPARATUS TECHNI CAL
FIELD '~ The present invention relates to an optical disk apparatus
typified by a CD-ROM drive and, nore particularly, to an optical disk
apparatus which subsidiarily noves a feed at kick seek when data is read
froman arbitrary position on an optical disk surface, thereby performng
a tracking control. BACKGROUND ART In recent years, standard
nounting of an optical disk apparatus on a personal conputer has been
rapidly progressed, and accordingly the optical disk apparatus as well as
a hard disk drive have becone inﬁhggg&@gﬁl to the personal conputer
Initially the CO-ROM drive has constituted the nmajority of the

OPTICAL DISK APPARATUS

TECHNICAL FIELD

The present invention relates to an optical disk apparatus
typified by a CD-ROM drive and, more particularly, to an
optical disk apparatus which subsidiarily moves a feed at kick
seek when data is read from an arbitrary position on an optical

disk surface, thereby performing a tracking control.

BACKGROUND ART

In recent years, standard mounting of an optical disk
apparatus on a personal computer has been rapidly progressed,
and accordingly the optical disk apparatus as well as a hard
disk drive have become indispensable to the personal computer.
Initially the CD-ROM drive has constituted the majority of the
optical disk apparatus, while nowadays a DVD-ROM drive having a
larger capacity than the CD-ROM drive, or a writable or
rewritable CD-R/CD-RW drive is normally mounted on the personal
computer, and further a DVD-R or DVD-RAM drive comes on a
market. As described above, the efficiency and function of the
optical disk apparatus has been enhanced continuingly.

Figure 10 is a schematic diagram illustrating a whole

conventional optical disk apparatus. 1In the figure, numeral 11



optical. di'sk apparatus, while nowadays a DVD-ROM drive having a |arger
capacitythanthe CO-ROM drive, or a witable or rewitable CD R CD RW
dri've is normally nounted on the personal conputer, and further a DVD-R or
DVD-RAM drive conmes on a narket. As degcri bed above, the efficiency and
function of the optical disk apparatus©has been enhanced conti nuingly.
Figure 10 is a schematic diagramillustrating a whole conventional optical
di sk apparatus. In the figure, numeral 11

2 denotes a disk, numeral 12 denotes a spindle notor, nuneral 13
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nuner al nuneral” 17 de es a driver nuner al
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nunerala?%éﬁafnéﬁhé}afof&'denotes a feed motor, numeral 17 denotes a
driver IC, numeral 18 denotes an analog front end IC, numeral
19 denotes a digital signal processor IC, numeral 20 denotes a
decoder, numeral 21 denotes a CPU, and numeral 22 denotes a
host.

Figure 11 is an explanation drawing illustrating a
constitution of a pickup of an optical disk apparatus. In the
figure, numeral 13 denotes a pickup, numeral 14 denotes a lens,
and numerals 25 and 26 denote wires for supporting the lens 14
in a housing of the pickup 13.

Next, a data reading operation of the optical disk
apparatus will be described.

The disk 11 is controlled by the spindle motor 12 for
rotating at a constant linear velocity or a constant angular
velocity. The pickup 13, moving from the inner track side to
the outer track side in the radial direction of the disk 11,
applies a laser beam to the surface of the disk 11 and receives
light reflected therefrom, thereby reading data on the disk 11.
Data called pit are spirally recorded on the disk 11, and the
number of the spirals in the radial direction is referred to as
the number of tracks. To accurately read the data on the disk

11, the pickup 13 drives the lens 14 in a direction

perpendicular to the disk surface, thereby focusing the laser



Figure 11 i's an explanation drawing illustrating a constitution of a

pi ckup of anoptical disk apparatus. In the figure, nunmeral 13 denotes a
pi ckup, nuneral 14 denotes a lens, and nunerals 25 and 26 denote wires for
supporting the lens 14 in a housing q{ t he pickup 13. Next, a data
readi ng operation of the optical disk " apparatus will be described.

The disk 11 is controlled by the spindle notor 12 for rotating at a
constant linear velocity or a constant angular velocity. The pickup 13,
nmoving fromthe inner track side to the outer track side in the radia
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thereb¥4fﬁggigg%t%qiy!%%F%he radial direction of the disk 11 is
performed so that the deviation is eliminated and the laser
beam is applied to the center of the track. When the lens 14
is a prescribed distance or more apart from the center of the
housing, the feed 15 to which the pickup 13 is fixed is moved
to return the lens 14 to the center of the housing. A focus
and tracking control of the lens 14 is performed by the driver
17 according to a command of the CPU 21, and the data which are
accurately read are transferred to the host 22 via the analog
front end IC 18, the digital signal processor IC 19 and the
decoder IC 20.

Next, influence which are exerted by the deviation of the
lens in the pickup upon the data reading operation will be
described with reference to figure 12.

Figure 12 is a diagram for explaining tﬁe influences
exerted by the deviation of the lens in the pickup upon the
data reading. In the figure, numeral 11 denotes the disk,
numerals 32 and 33 denote lenses, numeral 34 denotes a laser,
and numeral 35 denotes a photo acceptance element.

The lens 32, which is located at the center in the pickup,

refracts light from the laser 34, thereby obtaining a focus on

the disk 11. Then, the disk 11 returns a reflected light to



3 bedn1onto the disk 11. Further, the pickup 13 receives the reflected
light fromthe disk 11 and detects a deviation from the center of a track
A tracking control for noving the lens 14 horizontally in the radial
direction of the disk 11 is perfornedysso that the deviation is elimnated
and the laser beamis applied to the center of the track. Wen the lens 14
Is a prescribed distance or nore apart fromthe center of the housing, the
feed 15 to which the pickup 13 is fixed is noved to return the lens 14 to
the center of the housing A focus and tracking control of the lens 14 is
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12. In this case, a tracking servo cannot generate a signal
for detecting a position on the basis of the reflected light
from the disk 11. Therefore, the optical disk apparatus cannot
read data accurately due to the deviation of the lens,
resulting in unstable tracking.

Next, a seek operation for accurately performing the data
reading operation will be described.

The optical disk apparatus performs the seek operation to
read data accurately.

In this operation, when the pickup 13 is moved to an
arbitrary position on the disk 11 in accordance with a command
from the outside such as the host 22, the number of tracks from
the current read position to a target position is obtained by
calculation, and the pickup 13 or the lens 14 is moved by the
obtained number of tracks, thereby adjusting the reading
position. This seek operation has two kinds of operation, i.e.,
feed seek and kick seek. The feed seek is one which moves the
feed 15 to move the pickup 13 to a target position, which is
employed for a relatively long-distance movement. The kick
seek is one which moves the lens 14 after the feed seek in the

housing of the pickup 13 to reach a track in a target position,



dat a readlng In the figure, numeral 11 denotes the disk, nunerals 32 and
33 denot € | enses, nuneral 34 denotes a |aser, and nuneral 35 denotes a
photo accept ance el enent. The lens 32, which is located at the center
in the pickup, refracts light fromthe | aser 34, thereby obtaining a focus
on the disk 11. Then, the disk 11 returns a reflected light to

4 the photo acceptance el enent 35. However, the lens 33, which is in a
position deviated fromthe center in the pickup, may cause the reflected
light fromthe disk 11 to be out of the photo acceptance unit 35, as shown
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trackingj ures 11 and 13.

Figures 13 are diagrams for explaining positional changes
of the lens at the feed seek, figure 13(a) illustrating a case
where the feed is moved in an inner radial direction and figure
13(b) illustrating a case where the feed is moved in an outer
radial direction. In the figure, numeral 13 denotes a pickup,
numeral 14 denotes a lens, and numeral 15 denotes a feed.

The conventional optical disk apparatus is quite
vulnerable to external vibrations or the like, because the lens
14 is supported by wires 25 and 26 in the pickup 13 as shown in
figure 11. However, since the feed seek may be likened a kind
of external vibrations, the lens 14 may be adversely deviated
from the éenter of the pickup 13 as shown in figure 13 when the
feed seek is excessively accelerated or decelerated.

Next, the kick seek will be described with reference to
figures 14 and 15.

Figures 14 are diagram for explaining positional changes
of the lens at the kick seek, figure l4(a) illustrating a state
before the kick seek and figure 14(b) illustrating a state
after the kick seek. 1In the figure, numeral 13 denotes a
pickup and numeral 14 denotes a lens.

In the conventional optical disk apparatus, when the lens

14 performs the kick seek from the central position in the



Next, a seek operation for accurately performng the data reading
operation will be descri bed. The optical disk apparatus perforns the
seek operation to read data accurately. In this operation, when the
pickup 13 is noved to an arbitrary pogition on the disk 11 in accordance
with a command fromthe outside such as the host 22, the nunber of tracks
from the current read position to a target position is obtained by

cal culation, and the pickup 13 or the lens 14 is noved by the obtained
nunber of tracks, thereby adjusting the reading position. This seek
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the feed motor 16, thereby subsidiarily moving the feed 15 by a
reference feed shifting amount FO, the lens 14 is located at
the center in the pickup 13 after the kick seek. This
reference feed shifting amount FO is calculated by the CPU 21,
and its calculating means will be described hereinafter.

Figure 15 is a block diagram illustrating a means for
calculating the feed shifting amount in the CPU of the
conventional optical disk apparatus. In the figure, numeral 3
denotes a number-of-kick-seek-tracks calculating means for
calculating the number of tracks by which the lens is moved at
the kick seek, and numeral 5 denotes a reference feed shifting
amount calculating means for calculating the quantity by which
the feed is subsidiarily moved at the kick seek.

In the figure, the number-of-kick-seek-tracks calculating
means 3 calculates the number of kick seek tracks on the basis
data of the current position and a target position of the lens
14, just before the kick seek starts, which corresponds to a
moving distance of the lens 14 at the kick seek. The reference
feed shifting amount calculating means 5 calculates the
reference feed shifting amount on the basis of the number of
kick seek tracks, and outputs the calculated amount to the

driver 17.



which is enployed for a relatively short-distance novenent. Here, the
feed seek will be described with reference to figures 11 and 13.

Figures 13 are diagrans for explaining positional changes of the |ens at
the feed seek, figure 13(a) iIIustratiqg a case where the feed is noved in
an inner radial direction and figure 13(b) illustrating a case where the
feed is noved in an outer radial direction. In the figure, nuneral 13
denotes a pickup, nuneral 14 denotes a |lens, and nuneral 15 denotes a
feed. The conventional optical disk apparatus is quite vulnerable to
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figure‘ﬁffg téé Eg&rgtgggtg %%%%%e the kick seek and figure 16(b)
illustrating a state after the kick seek. 1In the figure,
numeral 13 denotes a pickup and numeral 14 denotes a lens.

In the conventional optical disk apparatus, when the kick
seek is performed from a state where the lens 14 is deviated in
the pickup 13, the lens 14 is located at the center in the
pickup 13 as shown by a dotted line in figure 16(a). Further,
when the feed is subsidiarily moved by the reference feed
shifting amount FO0, the lens 14 is returned to the deviated
state before the kick seek again, as shown in figure 16(b). As
described above, in the conventional optical disk apparatus,
even when the kick seek is performed from a state where the
lens 14 is deviated in the pickup 13 and the feed is
subsidiarily moved by the reference feed shifting amount FO,
the deviated state of the lens 14 as before the kick seek is
merely retained and the deviation of the lens 14 is not at all
eliminated also after the kick seek as shown in figure 16(b).

Figures 17 is are diagrams for explaining problems at kick
seek from a state where the feed keeps moving by the inertia of

feed seek, figure 17(a) illustrating a state after the feed

seek and figure 17(b) illustrating a state after the kick seek.



after‘the'kiqk seek. In the figure, nuneral 13 denotes a pickup and

nuneral 14 denotes a | ens. In the conventional optical disk
apparatus, when the lens 14 perfornms the kick seek fromthe central
position in the 8 6 pi ckup 13, the

lens 14 is deviated in the pickup 13 by the kick seek as shown by a dotted
line in figure 14(a) unless the feed 15 is subsidiarily noved. However,

since the driver 17 drives the feed notor 16, thereby subsidiarily noving
the feed 15 by a reference feed shifting anount FO the lens 14 is | ocated
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lens 14 is located at the central position of the pickup 13
after the feed seek, when the kick seek is performed from a
state where the feed keeps moving by the inertia of the feed
seek before the kick seek and the feed is subsidiarily moved
for the reference feed shifting amount, the lens 14 is deviated
in the pickup 13 as shown in figure 17(b). When acceleration
or deceleration of the feed seek is excessive, the inertia of
the feed seek is increased, whereby this is easier to occur.

The present invention is made to solve the above-mentioned

problems and has for its object to provide an optical disk
apparatus in which a lens is located at the center in a housing
of a pickup after the kick seek, thereby enabling to perform

subsequent tracking stably.

DISCLOSURE OF THE INVENTION

To solve the above-described problems, according to Claim
1 of the present invention, there is provided an optical disk
apparatus which subsidiarily moves a feed at kick seek when
data is read from an arbitrary position on an optical disk
surface, thereby performing a tracking control, comprising: a
pre-kick-seek offset calculating means for calculating an

offset of a lens on the basis of a position of the lens in a



denot es a nunber - of - ki ck- seek-tracks cal cul ating means for calculating the
nunber of tracks by which the lens is noved at the kick seek, and nuneral
5 denotes a reference feed shifting anount cal cul ating neans for
calculating the quantity by which thegfeed is subsidiarily noved at the

ki ck seek. In the figure, the nunber-of-kick-seek-tracks cal cul ating
means 3 cal cul ates the nunber of kick seek tracks on the basis data of the
current position and a target position of the lens 14, just before the

ki ck seek starts, which corresponds to a noving distance of the lens 14 at
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described W tih{& 881181 FbOYIER 4% 37 ohter radial direction on
the basis of a current position and a target position of the
lens just before the kick seek starts; a number-of-kick-seek-
tracks calculating means for calculating the number of tracks
on an optical disk by which the lens is moved by the kick seek;
a reference feed shifting amount calculating means for
calculating a reference feed shifting amount on the basis of
the number of tracks calculated by the number-of-kick-seek-
tracks calculating means; a compensation amount calculating
means for calculating a compensation amount by multiplying the
offset calcuiated by the pre-kick-seek offset calculating means
by a compensation coefficient; a feed shifting amount
calculating means for adding the compensation amount and the
reference feed shifting amount when the direction is judged to
be the inner radial direction by the kick seek direction
judging means, and subtracting the compensation amount from the
reference feed shifting amount when it is judged to be the
outer radial direction, thereby calculating a feed shifting
amount; and a control means for subsidiarily moving the feed by
the feed shifting amount in concurrence with the kick seek.

According to the invention, the lens is located at the

center in a hosing of the pickup after the kick seek, whereby

subsequent tracking can be stably performed.



Figures 16 aré diagrams for explaining problens at the kick seek froma
state where the lens is deviated, figure 16(a) illustrating a state before
the kick seek and figure 16(b) illustrating a state after the kick seek.
In the figure, nuneral 13 denotes a pijgkup and nuneral 14 denotes a |ens.
In the conventional optical disk apparatus, when the kick seek is
performed froma state where the lens 14 is deviated in the pickup 13, the
lens 14 is located at the center in the pickup 13 as shown by a dotted
line in figure 16(a). Further, when the feed is subsidiarily noved by the
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means for calculating the number of tracks on an optical disk
by which a lens is moved by feed seek before the kick seek; a
kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts; a
number-of-kick-seek-tracks calculating means for calculating
the number of tracks on an optical disk by which the lens is
moved by the kick seek; a reference feed shifting amount
calculating means for calculating a reference feed shifting
amount on the basis of the number of tracks calculated by the
number-of-kick-seek-tracks calculating means; a compensation
amount calculating means for calculating a compensation amount
by multiplying the number of tracks calculated by the number-
of-feed-seek-tracks calculating means by a compensation
coefficient; a feed shifting amount calculating means for
adding the compensation amount and the reference feed shifting
amount when the direction is judged to be the inner radial

direction by the kick seek direction judging means, and

subtracting the compensation amount from the reference feed



feed éeek}‘ngure 17(a) illustrating a state after the feed seek and

figure 17(b) illustrating a state after the kick seek.

8 In the figure, nuneral 13 denotes a pickup and nuneral 14 denotes a
| ens. In the conventional optical,di sk apparatus, even when the |ens
14 is located at the central position o} the pickup 13 after the feed

seek, when the kick seek is perforned froma state where the feed keeps
noving by the inertia of the feed seek before the kick seek and the feed
is subsidiarily noved for the reference feed shifting anount, the lens 14
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shifting amount in concurrence with the kick seek.

According to the invention, even when the movement of the
feed seek remains as the inertia, the lens is located at the
center in a hosing of the pickup after the kick seek, whereby
subsequent tracking can be performed stably.

According to Claim 3 of the present invention, there is
provided an optical disk apparatus which subsidiarily moves a
feed at kick seek when data is read from an arbitrary position
on an optical disk surface, thereby performing a tracking
control, comprising: a post-feed-seek offset calculating means
for calculating an offset of a lens on the basis of a position
of the lens in a pickup just after an end of feed seek before
the kick seek; a pre-kick-seek offset calculating means for
calculating an offset of the lens on the basis of the position
of the lens in the pickup just before the kick seek starts; a
kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts; a
number-of-kick-seek-tracks calculating means for calculating

the number of tracks on an optical disk by which the lens is

moved by the kick seek; a reference feed shifting amount



apparatus in which a lens is located at the center in a housing of a

pi ckup after the kick seek, thereby enabling to perform subsequent
tracki ng stably. DI SCLOSURE OF THE | NVENTI ON To sol ve the
above-descri bed problens, according to aim 1 of the present invention,
there is provided an optical disk apparatus which subsidiarily noves a
feed at kick seek when data is read froman arbitrary position on an
optical disk surface, thereby performng a tracking control, conprising: a
pre-ki ck-seek offset calculating neans for calculating an offset of a |lens
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amount calculating means for calculating a compensation amount
by multiplying a difference between the offset calculated by
the pre-kick-seek offset calculating means and the offset
calculated by the post-feed-seek offset calculating means, by a
compensation coefficient; a feed shifting amount calculating
means for adding the compensation amount and the reference feed
shifting amount when the direction is judged to be the inner
radial direction by the kick seek direction judging means, and
subtracting the compensation amount from the reference feed
shifting amount when it is judged to be the outer radial
direction, thereby calculating a feed shifting amount; and a
control means for subsidiarily moving the feed by the feed
shifting amount in concurrence with the kick seek.

According to the invention, even when the movement of the
feed seek remains as the inertia, the lens is located at the
center in a hosing of the pickup after the kick seek, whereby
subsequent tracking can be performed stably.

According to Claim 4 of the present invention, in the
optical disk apparatus as defined in any of Claims 1 to 3, an
absolute value of the compensation amount is smaller than an
absolute value of the reference feed shifting amount.

According to the invention, the lens does not move in a



lens just before the kick seek starts; a number-of -kick-seek- tracks

cal cul ating neans for calculating the nunber of tracks on an optical disk
by which the Iens is noved by the kick seek; a reference feed shifting
anount cal cul ating neans for calculatjpg a reference feed shifting anount
on the basis of the nunber of tracks ‘cal cul ated by the
nunber - of - ki ck-seek- tracks cal cul ati ng means; a conpensati on anount
calculating neans for calculating a conpensation anmount by nultiplying the
of fset cal cul ated by the pre-kick-seek offset calculating nmeans by a
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optical disk apparatus as defined in any of Claims 1 to 3, the
compensation coefficient is proportional to the number of
tracks calculated by the number-of-kick-seek-tracks calculating
means.

According to the invention, when the number of kick seek
tracks is small and the seek operation is continued, the feed
shifting amount is adjusted according to the number of kick
seek tracks, and vibrations or resonance of the mechanism
caused by subsidiarily moving the feed more than the lens
deviation by the kick seek are suppressed, thereby realizing

more stable tracking.

BRIEF DESCRIPTION OF DRAWINGS
Figure 1 is a block diagram illustrating a means for
calculating a feed shifting amount of an optical disk apparatus
according to a first embodiment of the present invention.
Figures 2 are diagrams for explaining a case where kick
seek is performed in an outer radial direction from a state
where a lens is deviated in an inner radial direction in the

first embodiment of the invention.



10 " " According to Claim2 of the present invention, there is

provi ded an optical disk apparatus which subsidiarily noves a feed at kick
seek when data is read froman arbitrary position on an optical disk
surface, thereby performng a trackingl4control, conprising: a

nunber - of - f eed- seek-tracks cal cul ati ng “neans for cal cul ati ng the nunber of
tracks on an optical disk by which a lens is noved by feed seek before the
ki ck seek; a kick seek direction judging neans for judgi ng whether a
direction of the kick seek is an inner radial direction or an outer radial
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first embodiment of the invention.

Figure 4 is a block diagram illustrating a means for
calculating a feed shifting amount of an optical disk apparatus
according to a second embodiment of the present invention.

Figures 5 are diagrams for explaining a case where kick
seek is performed in an outer radial direction from a state
where feed seek in the outer radial direction is ended in the
second embodiment of the invention.

Figures 6 are diagrams for explaining a case where kick
seek is performed in an inner radial direction from a state
where feed seek in an outer radial direction is ended in the
second embodiment of the invention.

Figure 7 is a block diagram illustrating a means for
calculating a feed shifting amount of an optical disk apparatus
according to a third embodiment of the present invention.

Figures 8 are diagrams for explaining a case where kick
seek is performed in an outer radial direction from a state
where a movement resulting from inertia remains even when feed
seek in the outer radial direction is ended in the third
embodiment of the invention.

Figures 9 are diagrams for explaining a case where kick

seek is performed in an inner radial direction from a state



amount on the basis of the nunber of tracks cal cul ated by the

number - of - ki ck-seek-tracks cal cul ati ng means; a conpensati on anount

cal cul ating neans for calculating a conpensation amount by nultiplying the
nunber of tracks cal cul ated by the nu r- of-feed-seek-tracks cal cul ating
means by a conpensation coefficient; ‘a feed shifting anount cal cul ating
means for adding the conpensation anount and the reference feed shifting
anount when the direction is judged to be the inner radial direction by
the kick seek direction judgi ng neans, and subtracting the conpensation
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Figure 10 is a schematic diagram illustrating a whole

conventional optical disk apparatus.

Figure 11 is a diagram for explaining a structure of a
pickup of an optical disk apparatus.

Figure 12 is a diagram for explaining influences which are
exerted by a deviation of a lens in a pickup upon data reading.

Figures 13 are diagrams for explaining positional changes
of a lens at feed seek.

Figures 14 are diagrams for explaining positional changes
of a lens at kick seek.

Figure 15 is a block diagram illustrating a means for
calculating a feed shifting amount in a CPU of the conventional
optical disk apparatus.

Figures 16 are diagrams for explaining problems of kick
seek from a state where a lens is deviated.

Figures 17 are diagrams for explaining problems of kick
seek from a state where a feed keeps moving by the inertia of

feed seek.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

Figure 1 is a block diagram illustrating a means for



center in a hosing of the pickup after the kick seek, whereby subsequent
tracki ng can be perforned stably. According to Caim3 of the present
invention, there is provided an optical disk apparatus which subsidiarily
noves a feed at kick seek when data iggread froman arbitrary position on
an optical disk surface, thereby performng a tracking control, _
conprising: a post-feed-seek offset calculating neans for calculating an
offset of a lens on the basis of a position of the lens in a pickup just
after an end of feed seek before the kick seek; a pre-kick-seek offset
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kick seek, numeral 2 denotes a kick seek direction judging
means for judging a direction of kick seek, numeral 4 denotes a
compensation amount calculating means for calculating the
amount of compensation of a reference feed shifting amount, and
numeral 6 denotes a feed shifting amount calculating means for
calculating the amount of a subsidiary movement of a feed, and
these are implemented by software on a CPU.

A number-of-kick-seek-tracks calculating means 3 and a
reference feed shifting amount calculating means 5 in the
optical disk apparatus according to the first embodiment are
the same as those denoted by the same reference numerals in the
conventional optical disk apparatus.

Next, the operation will be described.

Just before kick seek starts, the pre-kick-seek offset
calculating means 1 receives data of the quantity of deviation
of a lens 14 from the center of a housing of a pickup 13 from
the analog front end IC 18, A/D-converts the data to calculate
an offset before kick seek, and outputs the calculated offset
to the compensation amount calculating means 4. Simultaneously,
the kick seek direction judging means 2 judges whether the

direction of kick seek is an inner radial direction or an outer



12 cal cul ating means for calculating a reference feed shifting anount
on the basis of the nunber of tracks cal cul ated by the

nunber - of - ki ck- seek-tracks cal cul ati ng neans; a conpensati on anount

cal cul ating nmeans for calculating a co nsation amount by nultiplying a
di fference between the offset cal culated by the pre-kick-seek offset

cal cul ating neans and the offset calculated by the post-feed-seek offset
cal cul ati ng neans, by a conpensation coefficient; a feed shifting anount
calculating neans for adding the conpensati on anount and the reference
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seek-tracks calculating means 3 calculates the number of kick
seek tracks that corresponds to a moving distance of the lens
14 on the basis of the current position and the target position
of the lens 14, and outputs the obtained number to the
reference feed shifting amount calculating means 5 and the
compensation amount calculating means 4. The reference feed
shifting amount calculating means 5 calculates a reference feed
shifting amount on the basis of the number of kick seek tracks
and outputs the obtained amount to the feed shifting amount
calculating means 6. The compensation amount calculating means
4 calculates a compensation amount by multiplying a coefficient
which is proportional to the number of kick seek tracks by the
offset before kick seek, and outputs the obtained compensation
amount to the feed shifting amount calculating means 6. The
feed shifting amount calculating means 6 adds the compensation
amount and the reference feed shifting amount in the case of
kick seek in the inner radial direction, while subtracting the
compensation amount from the reference feed shifting amount in
the case of kick seek in the outer radial direction, thereby

calculating a feed shifting amount. When the calculated feed

shifting amount is smaller than 0, the feed shifting amount is



feed seek remains as the inertia, the lens is located at the center in a
hosi ng of the pickup after the kick seek, whereby subsequent tracking can
be perforned stably. According to Claim4 of the present invention, in
the optical disk apparatus as definedgn any of Claims 1 to 3, an

absol ute val ue of the conpensation anount is snmaller than an absolute

val ue of the reference feed shifting anount. According to the

i nvention, the | ens does not nove in a

13 direction opposite to the direction along which the pickup noves at
t he Ki relative velocity between the |ens and the pickup is
reduceg,ﬁt?%?r%é%d]y%réeyi zing nore stable tracking. According to Claim
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offset before kick seek, "a" is the coefficient (a=yT), "7"
is the coefficient, "T" is the number of kick seek tracks, the
feed shifting amount has no polarity, and the polarity of the
offset is "+" in the inner radial direction and "-" in the
outer radial direction, the feed shifting amount at kick seek
is decided in the CPU 21 as a whole by the following
expressions:
In the case of kick seek in the inner radial direction
F = FO +aoffset (F = 0, when FO +aoffset < 0)
In the case of kick seek in the outer radial direction
F = FO -aoffset (F = 0, when FO -aoffset < 0)

Next, the functions will be described with reference to
figures 2 and 3.

Figures 2 are diagrams for explaining a case where kick
seek is performgd in the outer radial direction from a state
where the lens is deviated in the inner radial direction, in
which figure 2(a) shows a state before the kick seek, figure.
2(b) shows a state after kick seek by the reference feed
shifting amount, and figure 2(c) shows a state after kick seek
by the feed shifting amount.

In the figure, when the amount of a subsidiary movement of

the feed at the kick seek is the reference feed shifting amount



nmeans. According to the invention, when the nunber of kick seek
tracks is small and the seek operation is continued, the feed shifting
anount is adjusted according to the nunber of kick seek tracks, and

resonance of the mechani caused by subsidiarily nmoving the
devi ation by tHe kick seek are suppressed, thereby
realizing nore stable tracking. BRI EF DESCRI PTI ON OF DRAW NGS

Figure 1 is a block diagramillustrating a nmeans for calculating a feed
shifting anDunt of an optical disk apparatus according to a first

vi brations or
feed nore than the | ens
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14 as shown in figure 2(b).

In the optical disk apparatus
according to the first embodiment, the feed shifting amount F
is smaller than the reference feed shifting amount FO0 (0 < F <

FO0). Accordingly, the amount of the lens movement with respect

to the feed shifting amount of kick
lens 14 is located at the center of
figure 2(c). The same thing can be

kick seek is performed in the inner

state where the lens 14 is deviated

seek is large, whereby the
the pickup 13 as shown in
said of a case where the
radial direction from a

in the outer radial

direction.

Figures 3 are diagram for explaining a case where kick
seek is performed in the inner radial direction from a state
where the lens is deviated in the inner radial direction, in
which figure 3(a) shows a state before the kick seek, figure
3(b) shows a state after kick seek by the reference feed
shifting amount, and figure 3(c) shows a state after kick seek
by the feed shifting amount.

In the figure, when the amount of a subsidiary movement of
the feed at the kick seek is the reference feed shifting amount
which is calculated on the basis of the number of kick seek
tracks, the deviation of the lens 14 is not at all eliminated
as shown in figure 3(b).

On the other hand, in the optical

disk apparatus according to the first embodiment, the feed



Figures 3 are diagrans for explaining a case where kick seek is performed
in an inner radial direction froma state where the lens is deviated in
the inner radial direction in the first enmbodi nent of the invention.

Figure 4 is a block diagramillustrati a nmeans for <calculating a feed
shifting anount of an optical disk apparatus according to a second
enbodi nent of the present invention. Figures 5 are diagrans for

expl aining a case where kick seek is perfornmed in an outer radial
direction froma state where feed seek in the outer radial direction is
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the outer radial direction from a state where the lens 14 is
deviated in the outer radial direction.

As described above, the optical disk apparatus according
to the first embodiment of the invention calculates a feed
shifting amount on the basis of the lens offset just before the
start of kick seek, the direction of the kick seek and the
number of tracks on an optical disk by which the lens is moved
at the kick seek, and subsidiarily moves the feed by the feed
shifting amount in concurrence with the kick seek. Therefore,
the lens is located at the center in the housing of the pickup
after the kick seek, whereby subsequent tracking can be
performed stably.

Further, according to the optical disk apparatus of the
first embodiment of the invention, the absolute value of the
compensation amount is smaller than the absolute value of the
reference feed shifting amount. Therefore, at the kick seek,
the lens does not move in a direction opposite to the direction
along which the pickup moves, and the relative velocity between
the lens and the pickup is reduced, thereby realizing more

stable tracking.

Further, in the optical disk apparatus according to the



seek is performed in an outer radial direction froma state where a
nmovenent resulting frominertia remains even when feed seek in the outer
radial direction is ended in the third enbodinment of the invention.
Figures 9 are diagranms for explaining g, case where kick seek is perforned

in an inner radial direction froma sta}e where a novenent
resulting frominertia remai ns even when feed seek in an outer radial
direction is ended in the third enbodinment of the invention. Fi gure

10 is a schematic diagramillustrating a whole conventional optical disk
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pOSitiQQ§ltﬁQaﬂgﬁger of kick seek tracks. Therefore, when the number
of kick seek tracks is small and the seek operation is
continued, the feed shifting amount is adjusted according to
the number of kick seek tracks, and vibrations or resonance of
the mechanism caused by subsidiarily moving the feed more than
the lens deviation by kick seek are reduced, resulting in more
stable tracking.
(Embodiment 2)

Figure 4 is a block diagram illustrating a means for
calculating a feed shifting amount of an optical disk apparatus
according to a second embodiment of the present invention. 1In
the figure, numeral 43 denotes a number-of-feed-seek-tracks
calculating means for calculating the number of tracks by which
the lens is moved at feed seek before kick seek. This is
implemented by software in the CPU.

A kick seek direction judging means 2, a number-of-kick-
seek-tracks calculating means 3, a compensation amount
calculating means 4, a reference feed shifting amount
calculating means 5, and a feed shifting amount calculating
means 6 in the optical disk apparatus according to the second
embodiment are the same as those denoted by the same reference

numerals in the optical disk apparatus according to the first

embodiment.



of a lens at feed seek. Fi gures 14 are diagrans for expl aining

posi tional changes of a lens at kick seek. Figure 15 is a bl ock
diagramillustrating a neans for <calculating a feed shifting anount in a
CPU of the conventional optical disk gppar at us. Figures 16 are

di agrams for explaining problems of kick seek froma state where a lens is
devi at ed. Figures 17 are diagrans for explaining problens of kick
seek froma state where a feed keeps noving by the inertia of feed seek.
BEST MODE TO EXECUTE THE | NVENTI ON ( Embodi ment 1) Figure 1 is a
EEOCK dlagra%@QQ)ﬂ¥ﬂénéﬂgk§¥f@@qﬁiifrbe described.

The kick seek direction judging means 2 judges whether the
direction of kick seek is an inner radial direction or an outer
radial direction on the basis of the current position and a
target position of the lens 14, and outputs the obtained
direction to the feed shifting amount calculating means 6. The
number-of-feed-seek-tracks calculating means 43 calculates the
number of feed seek tracks that corresponds to a moving
distance of the lens 14 on the basis of positions of the lens
14 before and after the feed seek, and outputs the obtained
number to the compensation amount calculating means 4, just
before the kick seek starts. On the other hand, the number-of-
kick-seek-tracks calculating means 3 calculates the number of
kick seek tracks that corresponds to a moving distance of the
lens 14 on the basis of the current position and the target
position of the lens 14, and outputs the obtained number to the
reference feed shifting amount calculating means 5 and the
compensation amount calculating means 4, just before the kick
seek starts. The reference feed shifting amount calculating
means 5 calculates a reference feed shifting amount on the
basis of the number of kick seek tracks and outputs the
obtained amount to the feed shifting amount calculating means 6.
The compensation amount calculating means 4 calculates a
compensation amount by multiplying a coefficient which is

proportional to the number of kick seek tracks by the number of



calculating a feed shifting anount of an optical disk apparatus according
to a first enbodi nent of the present invention. In the figure, nuneral 1
denotes a pre-kick-seek offset calculating means for cal culating an of f set
of a lens before kick seek, nuneral ﬁhgenotes a kick seek direction
judging neans for judging a direction of kick seek, nuneral 4 denotes a
conpensati on anount cal cul ati ng neans for cal culating the anount of
conpensation of a reference feed shifting anount, and nuneral 6 denotes a
feed shifting anmount cal cul ating neans for calculating the anount of a
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compensation amount from the reference feed shifting amount in
the case of kick seek in the outer radial direction, thereby
calculating a feed shifting amount. When the calculated feed
shifting amount is smaller than 0, the feed shifting amount is
outputted as 0.
Therefore, in the CPU 21 as a whole, assuming that "F" is
the feed shifting amount, "FO0" is the reference feed shifting
amount, "track"” is the number of feed seek tracks, "B" is the
coefficient (B= K£T), "Kk" is the coefficient, "T" is the number
of kick seek tracks, the feed shifting amount has no polarity,
and the polarity of the track is "-" in the inner radial
direction and "+" in the outer radial direction, the feed
shifting amount at kick seek is decided by the following
expressions:
In the case of kick seek in the inner radial direction
F=F0 + B track (F = 0, when FO + B8 track < 0)
In the case of kick seek in the outer radial direction
F = FO - B track (F = 0, when FO - B track < 0)

Next, the functions will be described with reference to

figures 5 and 6.



an of fset before kick seek, and outputs the calculated offset to the
conpensation amount cal cul ati ng neans 4. Sinultaneously, the kick seek
direction judgi ng nmeans 2 judges whether the direction of kick seek is an
i nner radial direction or an outer 17
radial direction on the basis of the current position and a target
position of the lens 14, and outputs the obtained result to the feed
shifting anount cal culating nmeans 6. On the other hand, just before the
kick seek starts, the nunber-of-kick- seek-tracks cal culating neans 3
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number aﬁléhc%ld%?§t§f§¥<shows a state before kick seek, figqure 5(b)
show a state after kick seek by the reference feed shifting
amount, and figure 5(c) shows a state after kick seek by the
feed shifting amount.

When acceleration or deceleration of the feed seek is
excessive, the movement of the feed may remain as the inertia
even after the feed seek is ended. 1In this case, when the kick
seek by the reference feed shifting amount is performed, the
amount of subsidiary movement of the feed becomes excessive and
the lens 14 is deviated according to the amount of movement of
the lens 14 at the kick seek, as shown in figure 5(b). On the
other hand, in the optical disk apparatus according to the
second embodiment, the feed shifting amount F is smaller than
the reference feed shifting amount F0O (0 < F < FO0). Thus, the
lens 14 is located at the center of the pickup 13 as shown in
figure 5(c). The same thing can be said of a case where the
kick seek is performed in the inner radial direction from a
state where feed seek in the inner radial direction is ended.

Figures 6 are diagrams for explaining a case where the
kick seek is performed in the inner radial direction from a

state where feed seek in the outer radial direction is ended,

in which figure 6(a) shows a state before kick seek, figure



and outputs the obtained anount to the feed shifting anmount cal cul ating
means 6. The conpensation anount cal cul ati ng means 4 calcul ates a
conpensati on anount by nultiplying a coefficient which is proportional to
t he nunber of kick seek tracks by the ffset before kick seek, and outputs
t he obtai ned conpensation anount to t%e feed shifting anount cal cul ating
neans 6. The feed shifting anmount cal cul ating neans 6 adds the
conpensation amount and the reference feed shifting anount in the case of
kick seek in the inner radial direction, while subtracting t he
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In a case where the movement of the feed remains as the
inertia even after the feed seek is ended, when the kick seek
by the reference feed shifting amount is performed, the amount
of feed movement caused by the inertia and the reference feed
shifting amount cancel each other, and the lens 14 is deviated
according to the amount of movement of the lens 14 at the kick
seek, as shown in figure 6(b). On the other hand, in the
optical disk apparatus according to the second embodiment, the
feed shifting amount F is larger than the reference feed
shifting amount FO0 (0 < FO < F). Thus, the lens 14 is located
at the center of the pickup 13 as shown in figure 6(c). The
same thing can be said of a case where the kick seek is
performed in the outer radial direction from a state where the
feed seek in the inner radial direction is ended.

As described above, the optical disk apparatus according
to the second embodiment of the invention calculates the feed
shifting amount on the basis of the number of tracks on an
optical disk by which the lens is moved by feed seek before
kick seek, the direction of the kick seek, and the number of
tracks on the optical disk by which the lens is moved by the
kick seek, and subsidiarily moves the feed by the feed shifting

amount in concurrence with the kick seek. Therefore, the lens



"FO' is the reference feed shifting anount, "offset"” is the offset before
kick seek, "a" is the coefficient (a=[err]T), "[err]" is the coefficient,
"T" is the nunber of kick seek tracks, the feed shifting anount has no
polarity, and the polarity of the offsggt is "+" in the inner radial

direction and "-" in the outer radial direction, the feed shifting anmount

at kick seek is decided in the CPU 21 as a whole by the follow ng

expressi ons: [err] In the case of kick seek in the inner radial

di rection F = FO +aoffset (F = 0, when FO +[err]offset < 0)
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[err]offset 0, when FO -aoffset < Next, the functions
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armunt'second embodiment of the invention, the absolute value of the
compensation amount is smaller than the absolute value of the
reference feed shifting amount. Therefore, the lens does not
move in a direction opposite to the direction along which the
pickup moves at the kick seek, and the relative velocity
between the lens and the pickup is reduced, resulting in more
stable tracking.

Further, in the optical disk apparatus according to the
second embodiment of the invention, the compensation
coefficient at the calculation of the compensation amount is
proportional to the number of kick seek tracks. Therefore,
when the number of kick seek tracks is small and the seek
operation is continued, the feed shifting amount is adjusted
according to the number of kick seek tracks, and vibrations or
resonance of the mechanism caused by subsidiarily moving the
feed more than the lens deviation by kick seek are reduced,
thereby realizing more stable tracking.

(Embodiment 3)
Figure 7 is a block diagram illustrating a means for

calculating a feed shifting amount of an optical disk apparatus

according to a third embodiment of the present invention. 1In



In the figdre; when the anount of a subsidiary novenent of the feed at
kick seek is the reference feed shifting anount

19

which is calculated on the basis of the nunber of kick seek trac

the deviation of the lens 14 is not at s | elimnated as shown in figur

2(b) .

In the optical disk apparatus according to the first enbodi nent,

feed shifting amobunt F is smaller than the reference feed shifting anou
FO (0 < F < FO0). Accordingly, the amount of the | ens novenent with respect
to the feed shifting anount of kick seek is large, whereby the lens 14
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A pre-kick-seek offset calculating means 1, a kick seek
direction judging means 2, a number-of-kick-seek-tracks

calculating means 3, a compensation amount calculating means 4,
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a reference feed shifting amount calculating means 5 and a feed

shifting amount calculating means 6 in the optical disk
apparatus according to the third embodiment are the same as
those denoted by the same reference numerals in the optical
disk apparatus according to the first embodiment.

Next, the operation will be described.

Just after the feed seek is ended, the post-feed-seek
offset calculating means 71 receives data of the quantity of
deviation of the lens 14 from the center of the housing of the
pickup 13 from the analog front end IC 18, A/D-converts the
data, thereby calculating an offset after the feed seek, and
outputs the calculated offset to the compensation amount
calculating means 4. Just before the kick seek starts, the
pre-kick-seek offset calculating means 1 receives data of the
quantity of deviation of the lens 14 from the center of the
housing of the pickup 13 from the analog front end IC 18, A/D-
converts the data, thereby calculating an offset before the
kick seek, and outputs the calculated offset to the

compensation amount calculating means 4. Simultaneously, the



where the lens is deviated in the inner radial direction, in which figure
3(a) shows a state before the kick seek, figure 3(b) shows a state after
kick seek by the reference feed shifting anmount, and figure 3(c) shows a
state after kick seek by the feed shigging anmount. In the figure,
when the amount of a subsidiary novenent of the feed at the kick seek is
the reference feed shifting anount which is calculated on the basis of the
nunber of kick seek tracks, the deviation of the lens 14 is not at al
elimnated as shown in figure 3(b). On the other hand, in the optical
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kick sepftdys P£4{&#1 "89rbBtion on the basis of the current position and
a target position of the lens 14, and outputs the obtained
result to the feed shifting amount calculating means 6. On the
other hand, the number-of-kick-seek-tracks calculating means 3
calculates the number of kick seek tracks that corresponds to a
moving distance of the lens 14 on the basis of the present
position and the target position of the lens 14, and outputs
the obtained number to the reference feed shifting amount
calculating means 5 and the compensation amount calculating
means 4, just before the kick seek starts. The reference feed
shifting amount calculating means 5 calculates a reference feed
shifting amount on the basis of the number of kick seek tracks
and outputs the amount to the feed shifting amount calculating
means 6. The compensation amount calculating means 4
calculates a compensation amount by multiplying a difference
between the offset before the kick seek and the offset after
the feed seek by a coefficient which is proportional to the
number of kick seek tracks, and outputs the compensation amount
to the feed shifting amount calculating means 6. The feed
shifting amount calculating means 6 adds the compensation
amount and the reference feed shifting amount in the case of

kick seek in the inner radial direction, while subtracting the

compensation amount from the reference feed shifting amount in



the outer radial direction froma state where the lens 14 is deviated in

the outer radial direction. As descri bed above, the optical disk
apparatus according to the first enbodi ment of the invention cal culates a
feed shifting amount on the basis of t | ens offset just before the

start of kick seek, the direction of the kick seek and the nunber of
tracks on an optical disk by which the lens is noved at the kick seek, and
subsidiarily noves the feed by the feed shifting anbunt in concurrence
with the kick seek. Therefore, the lens is |located at the center in the
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noves, an%ﬁé&gﬁ%Flative velocity between the lens and the pickup is

reduced, F@%Il?ing nore stable tracking. Further, in the

opti cal dISkng%gfgfgiE%ﬁxgﬁgr@56ozihgs a whole, assuming that "F" is
the feed shifting amount, "FO0" is the reference feed shifting
amount, "offsetl" is the offset after the feed seek, "offset2"

is the offset before the kick seek, "0 " is the coefficient (&

= ET), "€" is the coefficient, "T" is the number of kick seek

tracks, the feed shifting amount has no polarity, and the
polarity of the offset is "+" in the inner radial direction and
"-" in the outer radial direction, a feed shifting amount at
the kick seek is decided by the following expressions:
In the case of kick seek in the inner radial direction
F = FO +0 (offset2 - offsetl)

(F = 0, when FO +0 (offset2 - offsetl) < 0)

In the case of kick seek in the outer radial direction
F = FO -0 (offset2 - offsetl)
(F = 0, when FO -0 (offset2 - offsetl) < 0)

Next, the functions will be described with reference to
figures 8 and 9.

Figures 8 are diagrams for explaining a case where the
kick seek is performed in the outer radial direction from a
state where a movement due to the inertia remains even after

the feed seek in the outer radial direction is ended, in which



21 first_enbodi ment of the invention, the conpensation coefficient at
the cal cul ation of the conpensation anmpunt is proportional to the nunber
of kick seek tracks. Therefore, when the nunber of kick seek tracks is
smal | and the seek operation is conti d, the feed shifting anount is
adj usted according to the nunber of kick seek tracks, and vibrations or
resonance of the nechani sm caused by subsidiarily noving the feed nore
than the | ens deviation by kick seek are reduced, resulting in nore
stabl e tracking. (Enmbodi nent 2) Figure 4 is a bl ock diagram

) Lustrating & gEAISe s §obENLE! baGoRE! 8L UK IALRIEILOL BTbgNt | ca

di sk apparatus ccor 0 a second enbo e present ntion

I he f.i A3_dek -of - f - s e s
eal cul s, ALTEL e TEIOkeR e Ri" I RT" el RREE £ edTE R L ing,
i's noved at feEda§§e§ib6f8r§(5BC§h8%Ska Thi

amount’, gur sta%é:%fter kick seek by the
feed shifting amount. In the figure, numeral 83 denotes a
position of the pickup just before the kick seek starts and
numeral 85 denotes a position of the pickup just after the feed
seek is ended, and figure 8(a) shows a case where the feed is
moved due to the inertia in a short time from the end of feed
seek till the start of kick seek.

When acceleration or deceleration of the feed seek is
excessive, the movement of the feed may remain as the inertia
even after the feed seek is ended. In this case, when kick
seek by the reference feed shifting amount is performed, the
amount of a subsidiary movement of the feed is excessive and
the lens 14 is deviated as shown in figure 8(b). On the other
hand, in the optical disk apparatus according to the third
embodiment, the feed shifting amount F is smaller than the
reference feed shifting amount FO (0 < F < FO0). Thus, the lens
14 is located at the center of the pickup 13 as shown in figure
8(c). The same thing can be said of a case where the kick seek
is performed in the inner radial direction from a state where
the feed seek in the inner radial direction is ended.

Figures 9 are diagrams for explaining a case where kick
seek is performed in the inner radial direction from a state

where a movement due to the inertia remains even after feed



I mpl enented by software in the CPU. A ki ck seek direction judging
means 2, a nunber-of-kick- seek-tracks calculating neans 3, a conpensation
anount cal culating nmeans 4, a reference feed shifting anount cal cul ating
means 5, and a feed shifting anmount ca%qulating means 6 in the optical

di sk apparatus according to the second® “enbodi nent are the sane as those
denoted by the sane reference nunerals in the optical disk apparatus
according to the first enbodinent. 22
Next, the operation will be descri bed. The ki ck seek direction judging

reans  Zah¥RoEh, YIB! e St SAPRGELof B 58k 47" NS 28
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after kick seek by the reference feed shifting amount, and

figure 9(c) shows a state after kick seek by the feed shifting
amount. In the figure, numeral 93 denotes a position of the
pickup just before the kick seek starts and numeral 95 denotes
a position of the pickup just after the feed seek is ended, and
figure 9(a) shows a case where the feed is moved due to the
inertia in a short time from the end of feed seek till the
start of the kick seek.

In a case where the movement of the feed remains as the
inertia even after the feed seek is ended, when kick seek by
the reference feed shifting amount is performed, the amount of
feed movement due to the inertia and the reference feed
shifting amount cancel each other and the lens 14 is deviated
according to the amount of movement of the lens 14 at the kick
seek, as shown in figure 9(b). On the other hand, in the
optical disk apparatus according to the third embodiment, the
feed shifting amount F is larger than the reference feed
shifting amount FO0 (0 < FO < F). Thus, the lens 14 is located
at the center of the pickup 13 as shown in figure 9(c). The
same thing can be said of a case where the kick seek is
performed in the outer radial direction from a state where feed
seek in the inner radial direction is ended.

As described above, the optical disk apparatus according



nunber - of - f eed- seek-tracks cal cul ati ng means 43 cal cul ates the nunber of
feed seek tracks that corresponds to a noving distance of the lens 14 on
the basis of positions of the lens 14 before and after the feed seek, and
out puts the obtained nunber to the coggensation amount cal cul ati ng nmeans
4, just before the kick seek starts. t he ot her hand, the nunber-of -

ki ck- seek-tracks cal culating nmeans 3 cal cul ates the nunber of kick seek
tracks that corresponds to a noving distance of the lens 14 on the basis
of the current position and the target position of the lens 14, and

output s &h’é‘hgbtcﬁii!}}gde giqaﬁgnéx& tdie tﬁ{ffﬁx%‘ﬁw?iéﬁeggﬁghﬁtaﬂ% Yy
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number gﬂe number of tracks on an optical disk by which the lens is
moved by the kick seek, and subsidiarily moves the feed by the
feed shifting amount in concurrence with the kick seek.
Therefore, the lens is located at the center in the housing of
the pickup after the kick seek even when the movement of feed
seek remains as the inertia, whereby subsequent tracking can be
performed stably.

Further, in the optical disk apparatus according to the
third embodiment of the invention, the absolute value of the
compensation amount is smaller than the absolute value of the
reference feed shifting amount. Therefore, the lens does not
move in a direction opposite to the direction of the pickup
movement at the kick seek and the relative velocity between the
lens and the pickup is reduced, thereby realizing more stable
tracking.

Further, in the optical disk apparatus according to the
third embodiment of the invention, the compensation coefficient
at the calculation of the compensation amount is proportional
to the number of kick seek tracks. Therefore, when the number

of kick seek tracks is small and the seek operation is

continued, the feed shifting amount is adjusted according to



23 feed seéek tracks, and outputs the cal cul ated conpensati on anount to
the feed shifting anount cal culating neans 6. The feed shifting anount
cal cul ati ng neans 6 adds the conpensation amount and the reference feed
shifting anount in the case of kick sggk in the inner radial direction,
whil e subtracting the conpensation anount fromthe reference feed shifting
anmount in the case of kick seek in the outer radial direction, thereby
calculating a feed shifting anount. Wen the calculated feed shifting
amount is smaller than 0, the feed shifting amount is outputted as O.
Therefo | U, 2 whal SSLII hat +,-E% 41
shifti n{éﬁgngﬁqu%,gi‘ g% kI%-S:E k?rs]seéaer ef er%’h]((:%' f%(g]degﬁf:f ?Fﬁagtéﬁgnw;{ rac qncI:%
the nu r "Bl . i Gl = ]I
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in the I ANel i rection dnd™” . rra ( ion’, the
feed  spLLhiRYnd M ho¥e 'Yedb e el i figg! ded by the following

APPLICABILITY IN INDUSTRY
As described above, the optical disk apparatus according to

the present invention is suited to perform stable tracking.



expressi ons:. [err] In the case of kick seek in the inner radial

direction F=FO+ Btrack (F =0, when FO + [err] track < 0)
[err] In the case of kick seek in the outer radial direction F =
FO - [err] track (F = 0, when FO - [errgdq track < 0) Next, the
functions will be described with reference to figures 5 and 6.

24 Figures 5 are diagrans for explaining a case where kick seek

the outer radial direction is ended, in which figure 5 i

before kick seek, figure 5(b) show apie after kick seek by tKe s
reference feed shifting anount, and figure 5(c) shows a state after kick
seek by the feed shifting anount. When accel eration or decel eration
of the feed seek is

1. An optical disk apparatus which subsidiarily moves a feed

is perforned in the outer radial direction froma state ﬂgﬂmgm in

at kick seek when data is read from an arbitrary position on an
optical disk surface, thereby performing a tracking control,
comprising:

a pre-kick-seek offset calculating means for calculating
an offset of a lens on the basis of a position of the lens in a
pickup just before the kick seek starts;

a kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just.before the kick seek starts;

a number-of-kick-seek-tracks calculating means for
calculating the number of tracks on an optical disk by which
the lens is moved by the kick seek;

a reference feed shifting amount calculating means for
calculating a reference feed shifting amount on the basis of
the number of tracks calculated by the number-of-kick-seek-
tracks calculating means;

a compensation amount calculating means for calculating a
compensation amount by multiplying the offset calculated by the
pre~-kick-seek offset calculating means by a compensation
coefficient;

a feed shifting amount calculating means for adding the



excessive, the novenent of the feed may remain as the inertia even after
the feed seek is ended. In this case, when the kick seek by the reference
feed shifting anount is perforned, the anount of subsidiary novenent of

the feed b ' and the | 14 is deviated according to the
anount of EE“E@?ME“HEEQL%QNIenS 14 at the kick seek, as shown in figure
5(b). Ont , «I'n the optical disk apparatus according to the
second enbodi nent, the feed shifting anount F is smaller than the

reference feed shifting amount FO (0 < F < FO). Thus, the lens 14 is
| ocat eqh it driiea 5% CimShnt NEnkl EREP rhFcdentttoWedd siiHtH g Shfidunthaneae

thing can be said of a case where the kick seek Iis perforired in the inner
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direction is ended. gures 6 are diagrans for explaining a e
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state eed seek Inth adi irection 1s en in which
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when it is judged to be the outer radial direction, thereby
calculating a feed shifting amount; and
a control means for subsidiarily moving the feed by the

feed shifting amount in concurrence with the kick seek.

2. An optical disk apparatus which subsidiarily moves a feed
at kick seek when data is read from an arbitrary position on an
optical disk surface, thereby performing a tracking control,
comprising:

a number-of-feed-seek-tracks calculating means for
calculating the number of tracks on an optical disk by which a
lens is moved by feed seek before the kick seek;

a kick seek direction judging means for judging whether a
direction of the kick seek is an inner radial direction or an
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts;

a number-of-kick-seek-tracks calculating means for
calculating the number of tracks on an optical disk by which
the lens is moved by the kick seek;

a reference feed shiftihg amount calculating means for

calculating a reference feed shifting amount on the basis of



6(b) shows a state after kick seek by the reference feed shifting anount,
and figure 6(c) shows a state after kick seek by the feed shifting anmount.
In a case where the novenent of the feed remains as the inertia even after

the feed seek is ended, when the kick %gek by t f shifting
anount is perfornmed, the anmount of fee mvemngmgﬁ#ﬁﬁiﬂnmﬁﬁﬁihertia and
the reference feed shifting anmount cancel each ot , M £ns 14 is
deviated according to the amount of novenent of the lens 14 at the kick

seek, as shown in figure 6(b). On the other hand, in the optical disk

t | ' t f | 5 33 t F
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the len IS A t . enter of the pickup 13 as shown in figure
6(c). T gééggng %#ﬁ%?(ﬁﬁ?kﬁé%%ﬁﬂ of a case where the kick seek is
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on an  caiculated by the number-of-feed-seek-tracks calculating means
by a compensation coefficient;

a feed shifting amount calculating means for adding the
compensation amount and. the reference feed shifting amount when
the direction is judged to be the inner radial direction by the
kick seek direction judging means, and subtracting the
compensation amount from the reference feed shifting amount
when it is judged to be the outer radial direction, thereby
calculating a feed shifting amount; and

a control means for subsidiarily moving the feed by the

feed shifting amount in concurrence with the kick seek.

3. An optical disk apparatus which subsidiarily moves a feed
at kick seek when data is read from an arbitrary position on an
optical disk surface, thereby performing a tracking control,
comprising:

a post-feed-seek offset calculating means for calculating
an offset of a lens on the basis of a position of the lens in a
pickup just after an end of feed seek before the kick seek;

a pre-kick-seek offset calculating means for calculating

an offset of the lens on the basis of the position of the lens



optical disk by which the lens is noved by feed seek before kick seek, the
ditection of the—*kick seek, and the nunber of tracks on the optical disk

by which the | ' he kick seek, and subsidiarily noves the
feed by the fe@ﬂ“ﬁﬂ"}ﬁ"@ﬁ'l%‘,nt in cghcurrence with the kick seek.
Therefore, the kens v w s  « 26 Is | ocated
at the center in the housing of the pickup after the kick seek even when
t he novenent of feed seek renmains as the inertia, whereby subsequent

tracki ng can be perfornmed stably. Further, in the optical disk

appar atifs 6605 Rl Jubbepesepand Rt epfsthpckvent  on. the
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pi ckup 1 s réeduced, "resul {ing in nore
outer radial direction on the basis of a current position and a
target position of the lens just before the kick seek starts;

a number-of-kick-seek-tracks calculating means for
calculating the number of tracks on an optical disk by which
the lens is moved by the kick seek;

a reference feed shifting amount calculating means for
calculating a reference feed shifting amount on the basis of
the number of tracks calculated by the number-of-kick-seek-
tracks calculating means;

a compensation amount calculating means for calculating a
compensation amount by multiplying a difference between the
offset calculated by the pre-kick-seek offset calculating means
and the offset calculated by the post-feed-seek offset
calculating means, by a compensation coefficient;

a feed shifting amount calculating means for adding the
compensation amount and the reference feed shifting amount when
the direction is judged to be the inner radial direction by the
kick seek direction judging means, and subtracting the
compensation amount from the reference feed shifting amount
when it is judged to be the outer radial direction, thereby
calculating a feed shifting amount; and

a control means for subsidiarily moving the feed by the



stabl e tracki-ng. Further, in the optical disk apparatus according to
the second enbodi nent of the invention, the conpensation coefficient at
calculatﬂﬁn of the conpensation anount is proportional to the nunber

of kick see ﬂ i"iﬂl ﬂmm“L when lge nunber of kick seek tracks is
smal | and t s contlnued the feed shifting anmount is

adj ust ed accordlng to the "nunber of ki ck seek tracks, and vibrations or
resonance of the mechani sm caused by subsidiarily noving the feed nore
than the |l ens deviation by kick seek are reduced, thereby realizing nore

stabl e féé&kbﬁgftﬂﬂéﬂﬁﬁﬂdﬁﬂn1ﬁ9concurr§i88rﬁl%h'%h@ pliegk (Heagram
illustrating a neans for calculating a feed shifting anount of an opti cal

di sk apparatus according to a third enbodi nent of the present invention.
I n 27 the figure, nunmeral 71

denotesga poshel @peie8aK A8 pparatus as defined in any of Claims 1
to 3, wherein
an absolute value of the compensation amount is smaller

than an absolute value of the reference feed shifting amount.

5. The optical disk apparatus as defined in any of Claims 1
to 3, wherein

the compensation coefficient is proportional to the number
of tracks calculated by the number-of-kick-seek-tracks

calculating means.



cal cul ating means for calculating an offset of a lens after feed seek, and
this is inplenmented by software in the CPU. A pre-Kkick-seek offset
calculating neans 1, a kick seek direction judging neans 2, a

nunber - of - ki ck-seek-tracks cal cul ati nggnmeans 3, a conpensati on anount
calculating neans 4, a reference feed shifting anount cal cul ating neans 5
and a feed shifting anmount cal culating nmeans 6 in the optical disk
apparatus according to the third enbodi nent are the sane as those denoted
by the sane reference nunerals in the optical disk apparatus according to
the first enbodi ment. Next, thgsPRge@ation will be descri bed.

Just after the feed seek is ended, the post-feed-seek offset calculating
means 71 receives data of the quantity of deviation of the lens 14 from
the center of the housing of the pickup 13 fron1the analog front end IC

18, A/ D-convgrt 1988 k %ggag@epgaet to b ﬁhf’éfft—‘% AbH 88 aheeteéed
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analog
compensation amount of the feed shifting on the basis of a lens

offset just before starting of the kick seek and the number of
tracks on an optical disk by which the lens is moved by the
kick seek, further add/subtract the compensation amount to/from
the reference feed shifting amount on the basis of the
direction of the kick seek, thereby calculating a feed shifting
amount, and subsidiarily move the feed by the feed shifting
amount in concurrence with the kick seek. Thereby, tracking

after the kick seek can be performed stably.



converts. the data, thereby calculating an offset before the kick seek, and
outputs the calculated offset to the conpensation anount cal cul ati ng neans
4. Simultaneously, the 28 ki ck
seek direction judging neans 2 judges whether the direction of the kick
seek is an inner radial direction or an outer radial direction on the
basis of the current position and a §mgget position of the |ens 14, and
outputs the obtained result to the feed shifting anount cal cul ati ng neans
6. On the other hand, the nunber-of-kick-seek-tracks cal cul ati ng neans 3
cal cul ates thﬁ:@rjber of kick seek tracks that corresponds to a noving

di stance of thes'eéns 14 on the basis of the present position and the
target position of the lens 14, and outputs the obtained nunber to the
reference feed shifting anount calculating nmeans 5 and the conpensation
anount cal culating mneans 4, just before the kiZk seek starts.2 The

reference feed ¢ Q §
pre-kick-seek number-of-kick- i
ity | | e | | S
means - e means. judging means
compensation reference feed
amount shifting amount |~ 5
calculating calculating
means means
4
feed shifting |._ 6
amount
calculating
means




shifting. anount cal culating nmeans 5 calculates a reference feed shifting
anount on the basis of the nunber of kick seek tracks and outputs the
anount to the feed shifting anmount calculating nmeans 6. The conpensation
amount cal cul ating nmeans 4 cal cul ates a conpensati on anount by multiplying
a difference between the offset before the kick seek and the offset after
the feed seek by a coefficient which ?ﬁsproportional to the nunber of kick
seek tracks, and outputs the conmpensation anount to the feed shifting
amount cal cul ating neans 6. The feed shifting anount cal cul ating neans 6
adds the conpensation anmount and the reference feed shifting anmount in the
case of kick seek in the inner radial direction, while subtracting the
conpensati on aﬁtguﬁ a)r omthe reference feed shifting anount in

29 t he case of kick seegTmtheouter—_periphery —dirregti on, thereby
cal cul ating a feed shifting|anmunt. V%eq:%}yméﬁgééulated feed shifting
anmount is smaller than 0, the feed shifti®g anmount is
™13
Fig.2(b)
FOL—>| 14 /\@
Fig.2(c)
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out putted as -0. Therefore, in the CPU 21 as a whol e, assum ng t hat
"F'" is the feed shifting anmount, "FO" is the reference feed shifting
anount, "offsetl" is the offset after the feed seek, "offset2" is the

of fset before the kick seek, "[err]" is the coefficient ([err] = TJerr]T),
"e" is the coefficient, "T" is the nunber of kick seek tracks, the feed
shifting anmount has no polarity, and ép polarity of the offset is "+" in
the inner radial direction and "-" he outer radial direction, a feed
shifting anobunt at the kick seek |s deC|ded by the foll ow ng expressions:

[err] In the case of kick seek in the inner radial direction F =
FO +[err] (offset2 - offsetl) (F =0, when FO
+[err](offs fsetl) < 0) [err] In the case of kick seek in the
outer radi afF@Béé&Di on F—F0—terrif{offset2 offsqt 1)
(F =0, when FO -Jerr] (offset2|- offsetl) kick seef\eXt , tlhe functions
W Il be described with referenc¢ to figures g 3. Rigures 8 are
di agranms for explaining a case pWere {he CK 3eek is performed3in the
outer radial direction froma ¢$tate ement due toi{the inertia
remai ns even after 14

Fig.3(b)

O (o

Fig.3(c)
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the feed. seek in the outer radial direction is ended, in which
30 figure 8(a) shows a state before the kick seek, figure 8(b) shows a
state after kick seek by the reference feed shifting anmount, and figure
8(c) shows a state after kick seek by the feed shifting anount. In the
figure, nuneral 83 denotes a position of the pickup just before the kick
seek starts and nuneral 85 denotes gnﬁosition of the pickup just after the
feed seek is ended, and figure 8(a) shows a case where the feed is noved
due to the inertia in a short tine fromthe end of feed seek till the
start of kicH:qysk. When accel eration or deceleration of the feed
seek is excessive, the novenent of the feed may remain as the inertia

even after the feed seek is ended. In this case, when kick seek by the
reference feed shifting anount is perforned, the anount of a subsidiary

movenment of the feed is excess#¥e and g z
number-of-feed- number-of-kick- :
se?k-tlra%_cks se?k-tlra_cks 'gﬁ'égt?g#
S means sl judging means

compensation reference feed
amount shifting amount |~ 5
calculating calculating
means means

5
4

feed shifting |~_ 6
amount
calculating
means
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the lI'ens 14 i.s deviated as shown in figure 8(b). On the other hand, in the
optical disk apparatus according to the third enbodinent, the feed
shifting anount F is smaller than the reference feed shifting amount FO (O
< F < F0). Thus, the lens 14 is located at the center of the pickup 13 as
shown in figure 8(c). The sane thing can be said of a case where the kick
seek is performed in the inner radiglgdirection froma state where the
feed seek in the inner radial direction is ended. Figures 9 are

di agranms for explaining a case where kick seek is perfornmed in the inner
radial direction froma state where a novenent due to the inertia remains

even after fe 31 seek in the
outer radial 3?5%?4?2n is ended, in which figure 9(a) shows a state before

kick seek, figure 9(b) lshows a state after kick seek by the reference feed
shi fting anouripertia ure O(c) shows a state arter Kick seek by the feed
shifting anount. In the fligure, nuner Xicleguekes a Josition of the
Fig.5(b)
~—13
FO|:> 14’\@
Fig.5(c)




pi ckup just before the kick seek starts and nuneral 95 denotes a position
of the pickup just after the feed seek is ended, and figure 9(a) shows a
case where the feed is noved due to the inertia in a short tine fromthe
end of feed seek till the start of the kick seek. In a case where

t he novenent of the feed remains as the inertia even after the feed seek
i s ended, when kick seek by the refgyence feed shifting anount is
performed, the anount of feed novenent due to the inertia and the
reference feed shifting anmount cancel each other and the lens 14 is
deviated according to the amount of novenent of the lens 14 at the kick
seek, as shoyy Igjﬁf(ﬁ)gure 9(b). On the other hand, in the optical disk
apparatus acco to the third enbodinent, the feed shifting anount F is

| arger than the referen feed shifting amount FO (0 < FO < F). Thus, the
lens 14 is | ocinedig center of the plikup 13 as shown in figure 9(c).

The sanme thing can be ¥aid of a case wher (kiokisekkse,k is performed in
the outer radial direction/froma st feed seek in,the inner
radial direction is ended. As desciimed dbove, the ptj?cal di sk
appar at us accordi ng 14

Fig.6(b)
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32 to the third enbodi nent of the invention calculates a feed -shifting
anount on the basis of the lens offset just before kick seek starts, the

| ens offset just after the end of feed seek before the kick seek, the
direction of the kick seek and the nunber of tracks on an optical disk by
which the lens is noved by the kick seek, and subsidiarily noves the feed
by the feed shifting amount in concyfsence with the kick seek. Therefore,
the lens is located at the center in the housing of the pickup after the
ki ck seek even when the novenent of feed seek remains as the inertia,

wher eby subsequent tracking can be perforned stably. Further, in the
optical disk apparatus according to the third enbodi nent of the invention,
t he absol ute value of the conpensation anount is smaller than the absol ute
value of the reference feed shifting anount. Therefore, the | ens does not
nove in a direction opposite to the direction of the pickup
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amount
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movenment at the kick seek and the relative velocity between the |ens and
the pickup is reduced, thereby realizing nore stable tracking.

Further, in the optical disk apparatus according to the third enbodi nent
of the invention, the conpensation coefficient at the calculation of the
conpensati on anount is proportional to the nunber of kick seek tracks.

Therefore, when the nunber of kick tracks is small and the seek
operation is continued, the feed shitting anmount is adjusted according to
33 t he nunber of kick seek tracks, so that vibrations or resonance of

the mechani sm caused by the subsidiary novenent of the feed Iarger than
the | ens deviki Lﬂ(a%fthe kick seek are reduced, resulting in nore stable

t racki ng. APPLI CABI Ll-FY1+HN—-NDUSTRY- As—deseci-besd above, the optical
di sk appar at us accordlqg tp E:D>kwkseek
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the present invention is suited to perform stable tracking.

34 CLAI V5 1. An optical disk apparatus
whi ch subsidiarily noves a feed at kick seek when data is read from an
arbitrary position on an optical disk surface, thereby performng a

tracking control, conprising: a pre-kick-seek offset cal culating
means for calculating an offset of agiigns on the basis of a position of
the lens in a pickup just before the kick seek starts; a kick seek

di rection judgi ng means for judging whether a direction of the kick seek
is an inner radial direction or an outer radial direction on the basis of
a current position and a target position of the lens just before the kick

seek starts; F|g g(a)a nunber-of—'“ eh—seek—tracks—eat-cutatrg—rgans for
: <::3 kick seek
95 i o3
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inertia S
Fig.9(b)
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cal cul atiing the nunber of tracks on an optical disk by which the lens is
noved by the kick seek; a reference feed shifting anmount cal cul ati ng
means for calculating a reference feed shifting anount on the basis of

t he nunber of tracks cal cul ated by the nunber-of -ki ck-seek- tracks

cal cul ati ng neans; a conpensation anount cal cul ati ng neans for

cal culating a conpensation amount byopwl tiplying the offset calcul ated by
the pre-kick-seek offset cal culating nmeans by a conpensation coefficient;
a feed shifti aﬂ@unt cal cul ati ng means for adding the

conpensati on u and the reference feed shifting anmount when the
direction is judged to be the inner radial direction by the kick seek

di rection judgi ng neans, and subtracting the conpensation anount fromthe
reference feed shiffllng anount when it is judged to be the outer radial

di rection, thereby
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calcul atiing a feed shifting anount; and a control neans for
subsidiarily noving the feed by the feed shifting anobunt in concurrence
with the kick seek. 2. An optical disk apparatus which subsidiarily
noves a feed at kick seek when data is read froman arbitrary position on
an optical disk surface, thereby performng a tracking control,

conpri si ng: a nunber - of - f eed- spgkgtracks cal cul ating neans for

cal cul ating the nunber of tracks on an optical disk by which a lens is
noved by feﬁﬂg k before the kick seek; a kick seek direction

j udgi ng nmean$sf judgi ng whether a direction of the kick seek is an inner

radial direction or an outer-radial direction on the basis of a current
position and a target pgstti } e the kick seek
starts; a nunber - of - ki ck-seek-tracks cal cul ati ng neans for

cal cul ating the nunber of tracks on an optical disk by which the lens is
noved by the kick seek; a rgfrer e 1gedshifti ddount cal cul ating

means for calculating alreferencq f |fking armout on the basis of
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36 ' the number of tracks cal cul ated by the nunber-of - ki ck-seek- tracks
cal cul ati ng neans; a conpensation anmount cal cul ati ng nmeans for
calculating a conpensation anmount by nultiplying the nunber of tracks
cal cul ated by the nunber-of-feed-seek-tracks cal culating neans by a
conpensation coefficient; a feed shifting anmount cal cul ati ng nmeans for
addi ng the conpensati on anount and reference feed shifting anount when
the direction is judged to be the inner radial direction by the Kkick seek
direction judgi ng nmeans, and subtracting the conpensation anount fromthe
reference feed shifting anount when it is judged to be the outer radial

di rection, tgggep%( ?alculating a feed shifting anount; and a control
means for su di ? y moving the feed by the feed shifting anount in
concurrence with the kick seek

Fig.13(b)
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3. An optical disk apparatus which subsidiarily noves a feed at kick seek
when data is read froman arbitrary position on an optical disk surface,

t hereby performng a tracking control, conprising: a post - feed-seek
of fset cal culating neans for calculating an offset of a |lens on the basis
of a position of the lens in a pickup just after an end of feed seek
before the kick seek; a pre-kicks ﬁek of fset cal cul ating nmeans for
calculating an offset of the lens on the basis of the position of the |ens
in the picku jUSt before t he kick seek starts; a kick seek direction
j udgi ng neangﬁ glng whether a direction of the kick seek is an inner
radi al dlrectlon or an outer radial direction on the basis of a current

position and a target p@sTtiom of the tensj sr_bero e the kick seek
starts; a nunber - of - ki ck-seek-tracks cg§§u kigh i ng means for
cal cul ating the number of tracks on an optical” a8k by quFh
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the-lens i's_noved by the kick seek; a reference feed shifting anount
cal cul ating means for <calculating a reference feed shifting anount on the
basis of the nunber of tracks cal cul ated by the nunber-of - ki ck-seek-
tracks cal cul ati ng neans; a conpensati on anount cal cul ati ng neans for
calculating a conpensation anmount by nultiplying a difference between the
of fset calculated by the pre-kick-sqgisoffset calculating neans and the

of fset cal cul ated by the post-feed-seek of fset calculating neans, by a
conpensatioFichéficient; a feed shifting amount cal cul ati ng nmeans
for addi ng onpensati on anount and the reference feed shifting anount
when the direction is judged to be the inner radial direction by the kick

seek direction judging neans, aE %—o"f‘% RdefNd conpensati on anount from
tra
c

the reference feed shifting a @ak;u tih rdg@d to be the outer
radi al direction, thereby cal cul ati ngnearsee hilff ti ng anount; and a
control neans for subsidiarily noving t e feed by t he

reference feed

shifting amount ~3

calculating means

Fig.16(a)
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feed shifting amount in concurrence with the kick seek. 4. The opti cal

di sk apparatus as defined in any of Clains 1 to 3, wherein an
absol ute val ue of the conpensation anount is smaller than an absol ute
val ue of the reference feed shifting anount. 5. The optical disk
apparatus as defined in any of Clains 1 to 3, wherein t he

conpensation coefficient is proportiﬂggg to the nunber of tracks
cal cul ated by the nunber-of - ki ck-seek=tracks cal cul ati ng neans.

Fig.17(a)
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