
OPTICAL SEEKING APPARATUS    WITH TRACK CROSSING SIGNAL GENERATION USING
A CORRECTED TRACKING ERROR SIGNAL HAVING A CONSTANT AMPLITUDE DURING
PERIODS OF DATA       The invention relates to optical systems, and, in
particular, to seeking by an optical head in an optical system. More
specifically, but without restriction to the particular embodiments
hereinafter described in accordance with the best mode of practice, this
invention relates to deriving a track crossing count.       Certain types
of storage media have constant reflectivity levels in the data storage
areas. Data differentiation may be accomplished by phase comparison or
other suitable methods. Other areas on the storage media, such as headers,
may have differing reflectivity levels.       In seeking from one track to
another, a track crossing number is determined. The track crossing number
indicates the number of tracks to be crossed in seeking from an initial
track to a target track. When the seek is performed, an actual track
crossing count is kept, indicating the number of tracks crossed so far.
When the actual track crossing count equals the track crossing number, the
seek is finished and the target track has been reached.       In prior art
systems, the actual track crossing count could be derived from the tracking
error signal. However, if the path of a seek crossed the areas having
differing reflectivity levels, the tracking error signal would erroneously
indicate that a track had been crossed. Therefore, if the actual track
crossing count relied on the tracking error signal, it would equal the
track crossing number before the target track had been reached, causing
undershoot of the seek and requiring either another seek or a seek
correction.       Objects of the present invention together with additional
features contributing thereto and advantages accruing therefrom will be
apparent from the following description of a preferred embodiment of the
invention which is shown in the accompanying drawings wherein:       Fig. 1
is a generalized representation of a storage medium adaptable for use with
the invention.       Fig. 2 is an enlargement of a portion of the storage
medium shown in Fig. 1.       Fig. 3 is a generalized representation of a
storage medium adaptable for use with the invention, showing the path
traveled by the optical head during a seek.        Fig. 4 is a generalized
representation of one embodiment of the invention.        Fig. 5 is a
generalized plot of waveforms generated by one embodiment of the invention.
Fig. 6 is a generalized representation of another embodiment of the
invention. 



2         Fig. 7 is a generalized plot of waveforms generated by another
embodiment of the invention.       A method for moving an optical head from
an initial track to a target track on a storage medium having data arranged
in tracks thereon is disclosed. The total number of tracks to be crossed is
determined, and the optical head is moved toward the target track. A
reflectivity level of light from the storage medium is measured, and a
tracking error signal is derived from the reflectivity level. The tracking
error signal has both true and false indicators of track crossings. The
tracking error signal has first zero crossings corresponding to the optical
head crossing one of the tracks and second zero crossings corresponding to
changes in the reflectivity level in response to the data or increases in
frequency of changes in the reflectivity level. A data indicator signal is
derived from the reflectivity level, having indicator points corresponding
to the false indicators of track crossings. One implementation includes
passing the reflectivity level through a high pass filter to obtain a data
indicator signal, wherein a waveform of the data indicator signal has
indicator points corresponding to the second zero crossings. A track count
number is incremented for each true indicator of a track crossing, and the
optical head is stopped when the track count number equals the total number
of tracks to be crossed. Another implementation includes the step of
generating a track count signal from the tracking error signal and the data
indicator signal, wherein a waveform of the track count signal has track
crossing points corresponding to the first zero crossings. A further
implementation includes incrementing track count number for each zero
crossing and decrementing the track count number for each zero crossing
corresponding to changes in the reflectivity level or increases in
frequency of changes in the reflectivity level.        Another method for
moving an optical head from an initial track to a target track on a storage
medium having data arranged in tracks thereon is disclosed. The total
number of tracks to be crossed is determined, and the optical head is moved
toward the target track. A reflectivity level of light from the storage
medium is measured, and a data indicator signal responsive to the
reflectivity level is derived. A waveform of the data indicator signal has
indicator points corresponding to changes in the reflectivity level in
response to data. Alternatively, the indicator points correspond to
increases in frequency of changes in the reflectivity level. One
implementation may use high pass filtering of the reflectivity signal to
obtain the data indicator signal. A tracking error signal 



responsive to the reflectivity level and the data indicator signal is
derived. A waveform of the tracking error signal has zero crossings
corresponding to the optical head crossing one of the tracks and constant
amplitude segments corresponding to the indicator points. A track count
number is incremented for each zero crossing. Another implementation
generates a track count signal from the tracking error signal. A
3  waveform of the track count signal has track crossing points
corresponding to the zero crossings. The track count signal indicates track
crossings corresponding to the true track crossing indicators in the
tracking error signal. The movement of the optical head is terminated when
the track count number equals the track crossing number.       An apparatus
for moving an optical head from an initial track to a target track on a
storage medium having data arranged in tracks thereon is disclosed
comprising a sensor for measuring a reflectivity level of light from a
storage medium, a tracking error signal generator responsive to the
reflectivity level for deriving a tracking error signal with first zero
crossings, a preamplifier for generating a data signal wherein the data
signal indicates changes in the reflectivity level in response to the data,
a track crossing signal generator responsive to the tracking error signal
for deriving a digital track crossing signal with second zero crossings
corresponding to the first zero crossings, and a track/hold selector
responsive to the data signal to direct the track crossing signal generator
to prevent generation of second zero crossings when the data signal
indicates changes in the reflectivity level in response to the data thus
generating a track crossing signal without the false track crossing
indicators from the tracking error signal.       An additional apparatus is
disclosed comprising a sensor for measuring the reflectivity level from a
storage medium, a preamplifier responsive to the reflectivity level for
generating a data signal indicating changes in the reflectivity level in
response to the data, a tracking error signal generator responsive to the
reflectivity level for deriving a tracking error signal having first zero
crossings, a track/hold selector to direct the tracking error signal
generator to generate a signal of constant amplitude for a predetermined
period of time when the data signal indicates changes in the reflectivity
level in response to the data, and a track crossing signal generator
responsive to the tracking error signal for deriving a track crossing
signal with second zero crossings corresponding to the first zero crossings
for indicating the crossing of an information track by the optical head. 



Referring to exemplary Fig. 1, there is shown a generalized representation
of a storage medium 1 adaptable for use with the invention. The storage
medium 1 has a center 2 and data is recorded thereon in information tracks
3 concentric about the center 2. The information tracks 3 may be arranged
in a spiral about the center 2. Data is further arranged in sectors 4
separated by radial (or non-radial) sector headers 5.        Referring to
exemplary Fig. 2, there is shown an enlargement of a portion of the storage
medium 1 shown in exemplary Fig. 1. Intertrack regions 6 are located
concentrically between consecutive information tracks 3. Data may be
recorded in segments 7 where the information tracks 3 intersect the sectors
4. Additionally, there is data in header segments 8 where the information
tracks 3 intersect the radial (or
4  nonradial) sector headers 5. This data in the header segments 8 is
either embossed or otherwise not modifiable by the optical system.
Referring to exemplary Fig. 3, there is shown a generalized representation.
of the storage medium 1 shown in exemplary Fig. 1. Additionally, the
storage medium 1 is rotating about the center 2 in the direction indicated
by arrow 9. To perform a seek from an initial information track 10 to a
target information track 11, an optical head (not shown) will travel on a
path 12 relative to the storage medium 1. In traveling along the path 12,
the optical head (not shown) will cross radial sector headers 5 at
intersection points 13.        Referring to exemplary Fig. 4, there is
shown one embodiment of the invention. The apparatus comprises a sensor 14
for detecting a reflectivity level of light reflected from the storage
medium 1. The sensor 14 passes the reflectivity level to a preamplifier 15.
The preamplifier 15 generates a data signal which is indicative of changes
in the reflectivity level in response to data located in the information
tracks 3. The preamplifier 15 may contain a high pass filter, through which
the data signal is passed. The preamplifier 15 then passes the data signal
to a track/hold selector 16.       The sensor 14 also passes a signal
representing a returning optical pattern to a tracking error signal
generator 17. Tracking error can be, and usually is, generated by split or
quad detectors. Quad sum detectors (outputting the sum signal of the quad
detectors) for servos can also generate track crossing indications. As
shown in Figs. 5 and 7, a "bipolar" signal, generated by split detectors in
push pull represents the pattern produced by interference fringes. The
tracking error signal generator 17 derives 



a tracking error signal. The tracking error signal indicates changes in the
reflectivity level both in response to data located in the information
tracks 3 and in response to the optical head (not shown) crossing an
information track 3. The tracking error signal generator 17 then passes the
tracking error signal to the track/hold selector 16.        The track/hold
selector 16 generates a control signal in response to the data signal. The
track/hold selector 16 then passes the control signal and the tracking
error signal to a track crossing signal generator 18. The track crossing
signal generator 18 creates a track crossing signal in response to the
tracking error signal. The track crossing signal is a generally a square
waveform corresponding to the tracking error signal. The control signal
directs the track crossing signal generator 18 to ignore the portions of
the tracking error signal corresponding to portions of the data signal
indicating changes in the reflectivity level in response to data located in
the information tracks 3. The track crossing signal generator 18 thus
generates a track crossing signal indicating changes in the reflectivity
level in response to the optical head (not shown) crossing an information
track 3.                                                  5        In
operation, a seek is performed from the initial track 10 to the target
track 11. A track crossing number is generated, which is equal to the
number of tracks between the initial track 10 and the target track 11. The
optical head (not shown) is moved from the initial track 10 toward the
target track 11. The embodiment of the invention, as described above,
responds to light reflected off the storage medium 1 to generate a track
crossing signal. A track crossing counter (not shown) counts the number of
changes in the reflectivity level indicated in the track crossing signal.
When the track crossing counter equals the track crossing number, the
optical head (not shown) has reached the target track 11.       Referring
to exemplary Fig. 5, there are shown the waveforms of the signals created
by components of the above-described embodiment. Each of the waveforms is
plotted against time on the horizontal axis, with the beginning of the seek
at the left and the end of the seek at the right. The time segment 19
indicates a point when the optical head (not shown) is crossing a header
segment 8.       In line 51, there is shown a waveform 20 of the tracking
error signal generated by the tracking error signal generator 17. The
waveform 20 has zero crossings 21 indicating that the optical head (not
shown) has crossed an information track 3. The 



waveform segment 22 during the time segment 19 shows that the reflectivity
level changes in response to data within the header segment 8. Because the
waveform segment 22 has zero crossings 23, the tracking error signal, if
not corrected, would generate a false track crossing counter number,
causing the optical head (not shown) to stop seeking before reaching the
target track 11.       in line 52, there is shown a waveform 24 of the data
signal generated by the preamplifier 15. The waveform 24 plots the sum
reflectivity level from the storage medium 1. As shown, the waveform 24 is
relatively flat except at a waveform segment 25 during the time segment 19
where data within the header segment 8 may cause changes in the sum
reflectivity level. The data signal therefore indicates the time segment 19
by the waveform segment 25.       In line 53, there is shown a waveform 26
of an uncorrected track crossing signal generated by a track crossing
signal generator according to the prior art. The waveform 26 has zero
crossings 27 corresponding to the zero crossings 21 of the waveform 20 of
the tracking error signal. However, the waveform 26 also has zero crossings
28 corresponding to the zero crossings 23 of the waveform 20 of the
tracking error signal. These zero crossings 28, however, are not indicative
of the optical head (not shown) crossing an information track 3. A track
crossing counter is based on the number of zero crossings 27, 28 in the
waveform 26 of the track crossing signal generator. However, using the
waveform 26 from line 53, the track crossing counter would be
6  inaccurate because there would be no differentiation between zero
crossings 27 indicating that an information track 3 is crossed and zero
crossings 28 responsive to data in the header segments 8.       In line 54,
there is shown a waveform 29 of a corrected track crossing signal generated
by the track crossing signal generator 18 according to the invention. The
track crossing signal generator 18 only generates a zero crossing 30 when
both of the following conditions are satisfied. First, the waveform 20 of
the tracking error signal must indicate a zero crossing 21. Second, the
waveform 24 of the data signal must not indicate that data from the header
segment 8 is causing the zero crossing 23. If both conditions are
satisfied, the track crossing signal generator 18 generates a zero crossing
30. Therefore, a track crossing counter can count the number of zero
crossings 30 in the waveform 29 of the track crossing signal to determine
the number 



of information tracks 3 the optical head (not shown) has crossed.
Referring to exemplary Fig. 6, there is shown a second embodiment according
to the invention. The apparatus comprises a sensor 14 for detecting a
reflectivity level of light reflected from the storage medium 1. The sensor
14 passes the reflectivity level to a preamplifier 15. The preamplifier 15
generates a data signal which is indicative of changes in the reflectivity
level in response to data located in the information tracks 3. The
preamplifier 15 may contain a high pass filter, through which the data
signal is passed. The preamplifier 15 then passes the data signal to a
track/hold selector 31.       The track/hold selector 31 generates a
control signal in response to the data signal. The track/hold selector 31
passes the control signal to a tracking error signal generator 32. The
sensor 14 also passes the reflectivity level to the tracking error signal
generator 32.       The tracking error signal generator 32 generates a
tracking error signal in response to the reflectivity level from the sensor
14 and in response to the control signal from the track/hold selector 31.
When the data signal does not indicate that changes in the reflectivity
level are in response to data located in the information tracks 3, the
control signal directs the tracking error signal generator 32 to generate
the tracking error signal in a standard manner known in the art. However,
when the data signal indicates that changes in the reflectivity level are
in response to data located in the information tracks 3, the control signal
directs the tracking error signal generator 32 to generate a flat waveform
for a short period of time. The tracking error signal generator 32 then
passes the tracking error signal to a track crossing signal generator 33.
The track crossing signal generator 33 generates a track crossing signal,
which is a square waveform from the tracking error signal. The track
crossing signal indicates the number of changes in the reflectivity level
indicated in the tracking error signal. A
7  track crossing counter (not shown) counts the number of changes in the
reflectivity level indicated in the track crossing signal. When the track
crossing counter equals the track crossing number, the optical head (not
shown) has reached the target track 11..       Referring to exemplary Fig.
7, there are shown the waveforms of the signals created by components of
the second above-described embodiment. Each of the waveforms is plotted
against time on the horizontal axis, with the beginning of the seek at the
left and the end of the seek at the right. The time segment 34 indicates a
point 



when the optical head (not shown) is crossing a header segment 8.       In
line 71, there is shown a waveform 35 of the data signal generated by the
preamplifier 15. The waveform 35 plots the sum reflectivity level from the
storage medium 1. As shown, the waveform 35 is relatively flat except at a
waveform segment 36 during the time segment 34 where data within the header
segment 8 may cause changes in the sum reflectivity level. The data signal
therefore indicates the time segment 34 by the waveform segment 36.
In line 72, there is shown a waveform 37 of an uncorrected tracking error
signal generated by a tracking error signal generator according to the
prior art. The waveform 37 has zero crossings 38 which correspond to
changes in the reflectivity level in response to the optical head (not
shown) crossing an information track 3. The waveform also has a waveform
segment 39 corresponding to the time segment 34 when the optical head (not
shown) is crossing a header segment 8. The waveform segment 39 plots
indicates changes in the reflectivity level in response to data within the
header segment 8. The waveform segment 39 has zero crossings 40 which
correspond to those changes. A track crossing signal created from this
waveform 37 would appear similar to the waveform 26 in line 53 of exemplary
Fig. 5, and could not be relied on accurately by a track crossing counter.
In line 73, there is shown a waveform 41 of a corrected tracking error
signal generated by the tracking error signal generator 32. The waveform 41
is generated as follows. When the changes in the reflectivity level are low
frequency, the tracking error signal generator 32 generates a tracking
error signal in the standard manner known in the art. This is represented
by a waveform segment 42. However, when the tracking error signal generator
32 detects a higher frequency change in the reflectivity level,
corresponding to the waveform segment 39 in line 72, the tracking error
signal generator 32 looks at the data signal represented by the waveform 35
in line 71. If the data signal is not flat, as in the waveform segment 36,
the tracking error signal generator 32 generates a flat waveform segment 43
at the amplitude of the tracking error signal just prior to the detection
of the high frequency changes in the reflectivity level. Once the
8  changes in the reflectivity level return to a lower frequency, the
tracking error signal generator 32 returns to generating the tracking error
signal in the standard manner.       The waveform 41 of the corrected
tracking error signal has zero crossings 44 



indicating that the optical head (not shown) has crossed an information
track 3. Unlike the waveform 37 in line 72 of the uncorrected tracking
error signal, the waveform 41 in line 73 of the corrected tracking error
signal does not have zero crossings during the time segment 34
corresponding to the zero crossings 40. Therefore, the number of zero
crossings 44 in the waveform 41 accurately indicates the number of
information tracks 3 crossed by the optical head (not shown).       In line
74, there is shown a waveform 45 of a track crossing signal generated by
the track crossing signal generator 33. The waveform 45 is a square
waveform of the waveform 41 of the corrected tracking error signal
generated by the tracking error signal generator 32. The waveform 45 of the
track crossing signal has zero crossings 46 corresponding to the zero
crossings 44 in the waveform 41 of the tracking error signal. Therefore, a
track crossing counter can count the number of zero crossings 46 in the
waveform 45 of the track crossing signal to determine the number of
information tracks 3 the optical head (not shown) has crossed.       It
will be obvious to one skilled in the art that modifications to the above
description of the invention may be made without departing from the spirit
and scope of the invention. The scope of the invention, therefore, is
indicated by the appended claims rather than the above description.
WE CLAIM:          1. An apparatus for moving an optical head from an
initial track to a target track on a storage medium having data arranged in
tracks thereon, said apparatus comprising:       a sensor for measuring a
reflectivity level of light from said storage medium;       a preamplifier
responsive to said reflectivity level for generating a data signal, wherein
said data signal indicates changes in said reflectivity level in response
to said data;       a tracking error signal generator responsive to said
reflectivity level for deriving a tracking error signal having first zero
crossings and second 



zero crossings;       a track/hold selector responsive to said data signal
for directing said tracking error signal generator to generate a corrected
tracking error signal of a constant amplitude for a predetermined period of
time when said data signal indicates changes in said reflectivity level in
response to the data; and       a track crossing signal generator, based on
said corrected tracking error signal, for deriving a digital track crossing
signal having zero crossing point corresponding to only said first zero
crossings.         2. The apparatus according to claim 1 wherein said
preamplifier includes a high pass filter through which said data signal is
passed.         3. The apparatus according to claim 1 further including a
track crossing counter responsive to said digital track crossing signal for
counting said second zero crossings.       4. The apparatus according to
claim 1, 2 or 3 wherein said sensor includes a split detector for measuring
said reflectivity level.                                            10
5. The apparatus according to claim 1, 2 or 3 wherein said sensor includes
a quad detector for measuring said reflectivity level.    


