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HELICAL SCAN TAPE TRACK FOLLOWING

TECHNICAL FIELD

The present invention relates to following tracking helical data tracks

with rotating tape access heads.

BACKGROUND ART

Helical scan tape systems record tracks on magnetic tape at an angle
with respect to the edge of the tape by means of a rotary, or helical, tape head. The
helical scan system produces high density recording by writing data tracks at an
angle across the width of the' tape, resulting in high-speed tape access by read and
write elements on the tape head without the need for equally high-speed tape motion.
Typically, a pair of data tracks, also known as data channels, are simultaneously
written onto or read from the tape. Write elements on the tape head are angled in
opposing directions so that bit patterns on adjacent track pairs are similarly angled.
Typically, there are two pairs of read elements and two pairs of write elements on
the tape head, with alternating pairs contacting adjacent data tracks as the tape head

rotates.

Data tracks contain data to be stored on the tape together with
additional information such as error correction and detection bits and synchronization
patterns. When data is read back from the tape, the error correction and detection
bits are used to detect and correct data errors that may occur due to debris on the
tape, mechanical damage of the tape, tape head tracking errors, and the like.
However, only a certain number of erroneous bits may be corrected or detected

within the span of data protected by the error correction and detection bits.
Synchronization patterns are used to align the tape head with the data
channel pairs, reducing head tracking errors. These patterns are typically written

at regular intervals along the length of each data track. Ideally, if the tape head
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drifts relative to the data channel pair, a synchronization pattern for one track will
be read by the read element for that track at a different time than the corresponding
synchrg)nization pattern on the second track will be read by the read element for the
second track. Control logic uses this time difference to move the head so that read

elements are better positioned to read the data tracks.

There are several problems with this head poéitioning system. The
control logic assumes that write element pairs and read element pairs are located on
the tape head so as to access a data channel pair at the same location along the length
of each data channel. Due to tolerances in the manufacturing process, for example,
this may not be the case. Any offset between elemeﬁts in an element pair will be
interpreted by the control logic as a head tracking error. This problem is
compounded by the possibility for offset in both read element pair location and write
element pair location. A further complication is the variance introduced by using
different tape systems to write the data and subsequently read the data. Other
factors, including tape wear, tape stretching, temperature effects, and the like, may

introduce still further sources of disturbance in calculating head tracking position.

What is needed is a helical tape tracking system and method that
compensates for variations in read and write element positioning relative to a data
track. Improved track following should be attained without significantly affecting
the operation or performance of the tape system or adding significant cost. A system
including the improved track following features should operate with tape recorded
on previous tape systems and should produce tapes that can be read by previous tape

systems.

DISCLOSURE OF THE INVENTION

Accordingly, the present invention should detect and compensate for
variations in the position of read and write elements accessing a given pair of data
channels. This may be accomplished by using the relative offset of the first detected
synchronization patterns in each pair of data channels as a measure of the relative

locations of write elements producing the synchronization patterns and read elements
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accessing the synchronization patterns. This relative offset is then used to correct

subsequent synchronization pattern readings taken from the data channel pair.

A helical scan tape drive is provided that improves track following.
The drive includes a scanning tape head with at least one read element pair. Each
read element pair has a first read element and a second read element not parallel with
the first read element. The read elements concurrently read a first helical data track
and a second helical data track written onto magnetic tape, each data track having
a plurality of spaced apart synchronization patterns. A tape drive moves magnetic
tape having a plurality of helical data tracks past the tape head. A servo positions
read elements across the data track pair. A control unit detects synchronization
patterns read from the first data track and the second data track. A first time interval
between synchronization patterns detected from the first data track and the second
data track is determined at the start of the first data track and the second data track.
Additional time intervals between synchronization patterns detected from the first
data track and the second data track are determined after the start of the data tracks.

A tape head track offset is determined based on the first time interval and at least one

additional time interval. The control unit may thus determine relative position

between the write elements that wrote synchronization patterns appearing on the data
track pairs, between read elements reading the synchronization patterns, or the

combined effect of both.

In an embodiment of the present invention, the control unit includes
a clock generating clock pulses. A counter counts clock pulses between
synchronization patterns detected from the first data track and the second data track.
A memory holds the counter value for the first time interval. Logic determines the
difference between the counter value held in the memory and the current counter

value.

A method of compensating for data track path variance seen by a tape
head accessing a pair of helical data tracks recorded on magnetic tape is also
provided. A first time is determined between detecting a first synchronization

pattern on each of the helical data tracks at the start of reading the pair of data
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tracks. At least one subsequent time is determined between detecting a subsequent
synchronization pattern on each of the helical tracks. The data track path variance
is then determined based on the first time and the subsequent time. A control signal

may then be generated to move the tape head relative to the data tracks.

The above objects and other objects, features, and advantages of the
present invention are readily apparent from the following detailed description of the
best mode for carrying out the invention when taken in connection with the

accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is a block diagram illustrating a helical scan tape drive

according to an embodiment of the present invention;

FIGURE 2 is a schematic diagram illustrating the data recording

format of a helical scan magnetic tape;

FIGURES 3A and 3B illustrate in greater detail the data recording

format of the magnetic tape;

FIGURE 4 is a graph illustrating detected synchronization patterns

from a pair of helical data tracks;

FIGURE 5 is a block diagram illustrating a helical scan tape head

position controller according to an embodiment of the present invention;

FIGURE 6 is a schematic diagram illustrating a tape head correctly

aligned with a pair of data tracks;

FIGURE 7 is a schematic diagram illustrating a tape head misaligned

with a pair of data tracks;
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FIGURES 8A and 8B are schematic diagrams illustrating a tape head

with offset read elements;

FIGURES 9A and 9B are schematic diagrams illustrating a tape head

accessing a pair of data tracks written by offset write elements;

FIGURES 10A and 10B are schematic diagrams illustrating a tape
head with offset read elements accessing a pair of data tracks written by offset write

elements; and

FIGURE 11 is a block diagram of logic for tracking helical data tracks

according to an embodiment of the present invention.

BEST MODES FOR CARRYING OUT THE INVENTION

Referring to FIG. 1, a block diagram illustrating a helical scan tape
drive according to an embodiment of the present invention is shown. Helical scan
tape drive 10 reads data from and writes data onto magnetic tape 12. Magnetic tape
12 is wound on reel 14 which rotates around spindle 16 within magnetic tape
cartridge 18. In helical scan tape drive 10, magnetic tape 12 from magnetic tape
cartridge 18 is threaded in direction A past a fixed full width erase head 20. Tape
12 proceeds around scanning tape head 22 which contains two pairs of helical read
elements 24, two pairs of helical write elements 26, and one pair of erase elements
28. Tape 12 then passes over fixed longitudinal erase head 30, over fixed
longitudinal read/write head 32, around guide 34, over capstan 36, and is wound on

machine reel 38 which rotates around spindle 40.

The tape wrap angle around tape head 22 is greater than 180° so that
a pair of helical read elements 24, a pair of helical write elements 26, and one erase
element 28 are always in contact with magnetic tape 12 allows continuous reading
and writing of data. Write element pairs 26 simultaneously record two channels of
data on a track at a time on magnetic tape 12 with an azimuth angle between adjacent

tracks being approximately +20°. Similarly, read element pairs 24 simultaneously
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play back two channels of data on a track at a time from magnetic tape 12.
Longitudinal read/write elements 32 read and write data on the corresponding two

longitudinal tracks contained on magnetic tape 12 for control and time code tracks.

When writing to tape 12, host computer 42 transmits a stream of data
to control unit 44 in helical scan tape drive 10. The data records are formatted for
writing on magnetic tape 12, including error correction and detection bits and
synchronization patterns, and forwarded to the appropriate write elements 26 in tape
head 22. Similarly, data read from tape 12 by tape head 22 is converted to a format
expected by host computer 42 before the stream of data is transmitted to host

computer 42.

The position of tape head 22 relative to tape 12 is controlled by servo
control unit 45 which receives pulses indicated when read elements 24 read
synchronization patterns, determines the alignment of tape head 22, and positions
tape head 22 relative to tape 12 with a servo drive. In an embodiment of the present
invention, control unit 45 determines a first time interval between detecting a first
synchronization pattern on a first tape track and detecting a first synchronization
pattern on a second tape track. A plurality of second time intervals between
detecting another synchronization pattern on the first tape track and detecting another
synchronization pattern on the second tape track are determined. A positional error
between the tape tracks and tape head 22 is determined based on the first time
interval and each of the pluraljty of second time intervals. Tape head 22 is adjusted

relative to the tape tracks based on the determined positional error.

Referring now to Figure 2, a schematic diagram illustrating the data
recording format of a helical scan magnetic tape is shown. As two adjacent helical
write elements 26 of tape head 22 move across magnetic tape 12, two helical data
tracks 46 are simultaneously written onto magnetic tape 12. Once tape head 22 has
completed one-half revolution, the other pair of helical write elements 26 begins to
write the next two adjacent helical tracks 46 onto magnetic tape 12. Magnetic tape
12 also includes longitudinal servo control track 48 and longitudinal time code track

50. Servo control track 48 is recorded as helical tracks 46 are written onto magnetic
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tape 12. One use of servo control track 48 is to synchronize the rotation of tape
head 22 with the position of helical tracks 46 on magnetic tape 12 during playback.
Time code track 50 contains location information that uniquely identifies groups of
helical tracks 46. '

Referring now to Figures 3A and 3B, with continued reference to
Figures 1 and 2, the operation of helical scan tape drive 10 will be described in
greater detail. In helical scan tape drive 10, helical tracks 46 are written at an angle
with respect to the edge of magnetic tape 12. This is achieved by wrapping magnetic
tape 12 partially around angled, rotating tape head 22. Read elements 24 and write
elements 26 are precisely aligned in tape head 22 and protrude slightly from its outer
surface. As magnetic tape 12 moves past rotating tape head 22, read elements 24
and write elements 26 access angled helical tracks 46 on magnetic tape 12 as shown.

Each helical track 46 includes a pair of data tracks or channels 88 and 90.

Read elements 24 are positioned just behind write elements 26 thereby
allowing the data to be verified after it has been written to helical tracks 46. This
ensures the initial data integrity of each helical track stripe. On reading back the
data, read elements 24 can be made to follow helical tracks 46 with automatic servo

head tracking control unit 45.

A preferred method for reading helical tracks 46 with a pair of read
elements 24 will now be described. When data is written, synchronization pattern
86 is inserted at regular intervals on data channels 88 and 90 of helical track 46.
Typically, synchronization pattern 86 is a binary sequence that can be recognized by
servo control unit 45. If head construction and tracking is perfect, there is no time
difference in the synchronization detection. However, when an offset azimuth
position difference, indicated by Ax, occurs in helical track 46, the azimuth time
difference of the synchronization pattern reproduced in the two data channels 88 and

90, At, is given by Equation 1.

2
At=_><Ax><’tar1€ 1)

v
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where @ is the azimuth angle of read elements 24 with respect to helical tracks 46
and v is the relative velocity between the read elements and the magnetic tape.
Hence, if read elements 24 are off track by Ax, the azimuth time difference At can
be determined. Conversely, if the azimuth time difference Ar is measured, the

azimuth position difference Ax can be determined.

Referring now to Figure 4, a graph illustrating detected
synchronization patterns from a pair of helical data tracks is shown. Synchronization
signals 94 and 96 are generated by servo control unit 45 by detecting synchronization
patterns 86 read from channels 88, 90 respectively. In a typical tape drive 10, 408
synchronization patterns 86 are written on each channel 88, 90 spaced apart by 12.27
microseconds at operational speed. Each assertion in synchronization signals 94, 96
corresponds to a read element 24 crossing a synchronization patter 86. If channels
88, 90 were written by a pair of write elements 26 with no relative offset and if
channels 88, 90 are read by a pair of read elements 24 with no relative offsets, the
azimuth time difference At is proportional to the azimuth position difference Ax as
expressed by Equation 1. However, if read elements 24 or write elements 26 have

relative offsets, Ar will include the effects of those relative offsets.

Referring now to Figure 5 with continued reference to Figure 1, a
block diagram illustrating a helical scan tape head position controller according to
an embodiment of the present invention is shown. Figure 5 represents a system
implemented with a combination of hardware and software. It will be recognized by
one of ordinary skill in the art that the controller may be implemented entirely by
hardware, including discrete logié, custom integrated circuits, programmable logic
components, and the like; by software executing on a processor with appropriate
input and output conditioning circuitry; or by any other suitable means. The present
invention is independent of the techniques and devices used in a particular

implementation.

Helical read element controller 56 controls the position of read

elements 24. Azimuth time difference (ATD) logic 100 monitors read elements 24
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and determines the azimuth time difference Az between synchronization patterns 86
of two data tracks 46. Position translation logic 102, implemented in microprocessor
unit 104, translates azimuth time difference As into azimuth positio_n difference Ax.
Azimuth position difference Ax indicates of how far read elements 24 are off track
or are misaligned with tape 12. Azimuth position difference Ax is then summed 55
with a normal position signal to produce a desired position signal 53. The difference
between desired position signal 53 and the position of tape head 22 detected by
helical position sensor 58 is determined by differencer 54 and supplied to head
controller 56. The desired position signal is indicative of the desired position that

head controller 56 attempts to move read elements 24.

Position sensor 58 may be a mechanical device such as a strain gauge
which generates an actual position signal as a function of the actual position of read
elements 24 with respect to a known absolute reference. Preferably, position sensor
58 generates an actual position signal sample at predetermined intervals with a fixed
number of samples per track. Helical track 46 has a predetermined length such that
read elements 24, during normal operation, moves at a predetermined speed to read

all of the helical track.

Referring now to Figures 6 through 10, schematic diagrams
illustrating conceptualized read elements and synchronization patterns written on
adjacent data tracks or channels are shown. These drawings are provided to

illustrate operation of helical scan systems and not to portray elements to scale.

In Figure 6, a schematic diagram illustrating a tape head correctly
aligned with a pair of data tracks is shown. First channel 88 includes
synchronization pattern 110 and second channel ,90 includes corresponding
synchronization pattern 112. A read element pair includes first read element 114 for
reading first channel 88 and second read element 116 for reading second channel 90.
Read element pairs 114, 116, traveling in head direction 118, are correctly aligned
over channels 88, 90, respectively, and will access synchronization patterns 110,

112, respectively, at the same time.
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A Referring now to Figure 7, a schematic diagram illustrating a tape
head misaligned with a pair of data tracks is shown. Read elements 114, 116 have
shifted from channels 88, 90 in head tracking error direction 120. As a result, read
element 116 will access synchronization pattern 112 prior to when read element 114
will access synchronization pattern 110. As described above, the time difference At
between reading synchronization patterns 112, 114 may be used to indicate the
amount of tracking error Ax and tracking error direction 120. The latter is
determined by examining the sign of time difference Az. However, this calculation
assumes that synchronization patterns 110, 112 were written by write elements 26

having no relative offset and that read elements 114, 116 have no relative offset.

Referring now t0 Figures 8A and 8B, schematic diagrams illustrating
a tape head with offset read elements are shown. First read element 130, accessing
channel 88, is offset behind second read element 132, accessing channel 90, relative
to head direction 118. Hence, as shown in Figure 8A, read element 132 will access
synchronization pattern 112 before read element 130 accesses synchronization
pattern 110, even though read elements 130, 132 are centered over channels 88, 90,
respectively. As a result, as shown in Figure 8B, if tape system 10 does not
compensate for relative offset between read elements 130, 132, tape head 22 will be
moved in head tracking error direction 120, actually introducing a head tracking

€ITor.

Referring now to Figures 9A and 9B, schematic diagrams illustrating
a tape head accessing a pair of data tracks written by offset write elements are
shown. First synchronization pattern 140 was written onto first channel 88 by a first
write element 26 with an offset relative to a second write element 26 which wrote
second synchronization pattern 142 onto second channel 90. Hence, synchronization
patterns 140, 142 are offset in head direction 118. As shown in Figure 9A, read
element 116 will access synchronization pattern 142 before read element 114 will
access synchronization pattern 140, even though read elements 114, 116 are centered
over channels 88, 90, respectively. As a result, as shown in Figure 9B, if tape

system 10 does not compensate for relative offset between write elements 24 writing
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synchronization patterns 140, 142, tape head 22 will be moved in head tracking error

direction 120, again actually introducing a head tracking error.

Referring now to Figures 10A and 10B, schematic diagrams
illustrating a tape head with offset read elements accessing a pair of data tracks
written by offset write elements are shown. In this case, both write elements 26
producing synchronization patterns 140, 142 on channels 88, 90, respectively, and
read elements 130, 132 accessing synchronization patterns 140, 142, respectively,
have relative offsets. As shown in Figure 10A, the offsets combine to cause read
element 132 to access synchronization pattern 142 significantly before read element
130 accesses synchronization pattern 140. Once again, as shown in Figure 10B, if
tape system 10 does not corripensate for the relative offsets, tape head 22 will be

moved in head tracking error direction 120, to introduce a head tracking error.

Referring now to Figure 11, a block diagram of logic for tracking
helical data tracks according to an embodiment of the present invention is shown.
Azimuth time difference logic 100 includes synchronization pattern detection
circuitry 150 for each read element 24. Synchronization pattern detection circuitry
150 output synchronization signals 94, 96 having an asserted pulse each time a
synchronization pattern 86 is detected in the output of read element 24. Counter 152
counts clock pulses 154 generated by clock 156 based on control inputs provided by
synchronization signals 94, 96. In particular, counter 152 counts the number of
clock pulses 154 between assertions in synchronization signals 94, 96. Hence, the
value in counter 152 indicates the time between corresponding Synchronization

patterns 86 from channels 88, 90.

The time between the first synchronization patterns from channels 88,
90 is stored in memory 158. This value represents one or both of the offset between
write elements 26 writing synchronization patterns 86 and the offset between read
elements 24 reading synchronization patterns 86. Comparison logic 160 compares
offset count value 162 stored in memory 158 with latest count value 164 from
counter 152 to produce tracking error time signal 166. Preferably, this is a

subtraction operation. The resulting value estimates the tracking error of head 22
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following channels 88, 90 with any effects due to relative offset in write elements
26 and read elements 24 removed. The sign of the difference indicates head tracking
error direction 120. Tracking error time signal 166 may be fed to processor 104 as

At for use in calculating Ax as described above.

5 While embodiments of the invention have been illustrated and
described, it is not intended that these embodiments: illustrate and describe all
possible forms of the invention. Rather, the words used in the specification are
words of description rather than limitation, and it is understood that various changes

may be made without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:

1. A helical scan tape drive comprising:

a scanning tape head with at least one read element pair, each read
element pair comprising a first read element and a second read element not parallel
with the first read element, the first read element and the second read element
operative to concurrently read a first helical data track and a second helical data
track written onto magnetic tape, the first data track and the second data track having
a plurality of spaced apart synchronization patterns;

a tape drive operative to move magnetic tape having a plurality of
helical data tracks past the tape head;

a Servo operati\}e to position the first read element and the second read
element across the first data track and the second data track; and ‘

a control unit in communication with the first read element, the
second read element, and the servo system, the control unit operative to:

(a) detect synchronization patterns read from the first data track,

(b) detect synchronization patterns read from the second data
track,

() determine a first time interval between synchronization
patterns detected from the first data track and the second data
track at the start of the first data track and the second data
track,

(d) determine a plurality of additional time intervals between
synchronization patterns detected from the first data track and
the second data track after the start of the first data track and
the second data track, and

(e) determine a tape head track offset based on the determined
first time interval and at least one determined additional time

interval.

2. A helical scan tape drive as in claim 1 wherein the control unit
is further operative to signal the servo to compensate for determined read track

offset.
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3, A helical scan tape drive as in claim 1 wherein the control unit
comprises: )

a clock generating clock pulses;

a counter operative to count clock pulses between synchronization
patterns detected from the first data track and the second data track;

a memory holding a counter value for the first time interval; and

logic 6perative to determine the difference between the counter value

held in the memory and the current counter value.

4. A helical scan tape drive as in claim 1 wherein the control unit

determines displacement between the first read element and the second read element.

5. A helical scan tape drive as in claim 1, the tape head further
having a first write element and a second write element not parallel with the first
write element, the first write element and the second write element operétive to
concurrently write a first helical data track and a second helical data track, wherein
the control unit determines displacement between the first write element and the

second write element.

6. A helical scan tape drive as in claim 5 wherein the control unit
determines combined displacement between the first read element and the second

read element and between the first write element and the second write element.

7. A helical scan tape drive as in claim 1 wherein the control unit
is further operative to determine a direction of tape head track offset based on the
sign of the difference between the first time interval and the at least one determined

additional time interval.
8. A method of compensating for data track path variance seen

by a tape head accessing a pair of helical data tracks recorded on magnetic tape, the

method comprising:
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determining a first time between detecting a first synchronization
pattern on each of the helical data tracks at the start of reading the pair of data
tracks;

determining at least one subsequent time between detecting a
subsequent synchronization pattern on each of the helical tracks; and

determining the data track path variance based on the first time and

the subsequent time.

9. A method of compensating for data track path variance as in
claim 8 further comprising generating a control signal to move the tape head relative

to the data tracks.

10. A method of compensating for data track path variance as in
claim 8 wherein determining a first time between deteéting the first synchronization
pattern on each of the helical data tracks at the start of reading the pair of data tracks
comprises counting clock pulses between an elapsed time separating detecting the

first synchronization patterns on each of the helical data tracks.

11. A method of compensating for data track path variance as in
claim 8 wherein the tape head includes a read element for each data track and a write
element for each data track, the method further comprising determining the

combined offset as the offset between the read element for each data track and the

offset between the write element for each data track based on the determined first

time.
12. A method of compensating for data track path variance as in
claim 8 further comprising determining a direction of data track path variance based

on a difference between the first time and the subsequent time.

13. A method of following helical scan tape tracks comprising:

concurrently reading two tape tracks with a scanning tape head,
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determining a first time interval between detecting a first
synchronization pattern on a first tape track and detecting a first synchronization
pattern on a second tape track;

determining a plurality of second time intervals between detecting
another synchronization pattern on the first tape frack and detecting another
synchronization pattern on the second tape track;

determining a positional error between the tape tracks and the tape
head based on the first time interval and each of the plurality of second time
intervals; and .

adjusting the tape head relative to the tape tracks based on the

determined positional error.

14. A method of following helical scan tape tracks as in claim 13
wherein determining a first time interval and determining each of the plurality of
second time intervals comprises generating a clock signal and counting the number
of clock signal periods between detecting a synchronization on the first track and

detecting a synchronization pattern on the second track.

15. A method of following helical scan tape tracks as in claim 13
wherein determining the positional error between the tape tracks and the tape head
comprises taking the difference between the first time interval and each of the
plurality of second time intervals.

16. A method of following helical scan tape tracks as in claim 15
thefein determining a positional error comprises determining a direction of offset
between the tape head and the tape tracks based on the sign of the difference between

the first time interval and each of the plurality of second time intervals.
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