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FIEED: B _THE | NVENTI ON . This invention rel ates to timng based servo
systens for |ongitudinal recording, and, nore particu 4IJQP Mt he
detection of data nodulated into the timng based servo patt
prerecorded on a nedia in the presence of errors.

BACKGROUND OF THE | NVENTI ON 1

ROBUST DETECTION OF DATA MODULATED INTO A TIMING BASED SERVO

FIELD OF THE INVENTION

This invention relates tc¢ timing based servo systems for
longitudinal recording, and, more particularly, to the detection
of data modulated into the timing based servo pattern prerecorded

on a media in the presence of errors.
BACKGROUND OF THE INVENTION

Typically, longitudinal media, such as magnetic tape or
optical tape, is employed as a secondary storage media for
storing large amounts of data which is accessed sequentially or
infrequently (such as archival). To accommodate the large

amounts of data, the tracks are placed closely together and a



Typj.cal l.y, |ongitudi nal’ nmedia, such as magnetic tape or optical tape, is
enployedt as a secondary storage nedia for storing |arge anounts of data
whi ch is accessed sequentially or ‘infrequently (such as archival). To
accommodate the large anounts of data, the tracks are placed closely

together and a 2 track foll ow ng
servo systemis enployed to allow the tape head to accurately followthe
data tracks. An exanple of a track foll ow ng servo systemparticularly

adapted to tape conprises a timng based servo pattern described in
coassigned U.S. Pat. No. 5,689,384. The servo patterns are conprised of
magnet i ¢ ftxack rfeadrvinnsseracosdeten Asconpletpduso byt ASeatapPRmasat al | el
angl es, such that the timng between the servo transitions read fromthe
servo pat t®& rresturagglpofilovh thaedatiatrafhSvari es continuously as the head

is nmoved across the width of the servo pattern. Thus, the.relative timn
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in coassigned U.S. Pat. No. 5,689,384. The servo patterns are
comprised of magnetic flux transitions recorded in continuous
lenéths at non-parallel angles, such that the timing between the
servo transitions read from the servo pattern at any point on the
pattern varies continuously as the head is moved across the width
of the servo pattern. Thus, the relative timing of transitions
read by a servo read head varies linearly depending on the
lateral position of the head. Speed invariance is provided by
utilizing a group of interlaced pairs of transitions and
determining the ratio of two timing intervals, the interval
between two like transitions ratioed with the interval between
two dissimilar transitions. Synchronization of the decoder to
the servo pattern may be accomplished by having two separate
groups of pairs of transitions, each group having a different
number of pairs of transitions. Thus, the position in the set of
groups is readily determined by knowing the number of pairs of
transitions in the present group.

In addition, the determination of the longitudinal position
of the tape is important. Often, the data is transferred to the

longitudinal media for writing on the media by streaming.



determping the ratio of two timng intervals, the interval between two

| i ke“Ftansitions ratioed with the interval betmeen two dissimlar
transitions. Synchronization of t he' decoder to the servo pattern may be
acconpl i shed by having two separate groups of pairs of transitions, each
group having a different nunber of pairs of transitions. Thus, the
position in the set of groups is readilly determ ned by know ng the nunber
of pairs of transitions in the present group. In addition, the
determ nation of the |ongitudinal position of the tape is inportant.
Often, the data is transferred to the |ongitudinal nmedia for witing on
the nedia Hiiskatdymi fhe data is often repgi pAra \EONLhBURY 354 SofPErYERd on a
cont i nuous £%§IS for much. of the data. The data transfer is, however,
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restarted. On restart, the media position must be correlated and
resynchronized with respect to the data set sequence.

Hence, as described in the incorporated Albrecht et al.
patent, in addition to the determination of the lateral position
of a head with respect to the width of a tape by means of the
timing based servo pattern, data may be modulated into, or
superimposed on, the servo pattern to allow determination of the
longitudinal position of a tape. In one example, a pair of
transitions are each oppositely facing slanted lines formed into
groups, or “frames”, of multiple pairs of transitions, the
similarly sloped transitions of each palr arranged together in a
burst, with the bursts and the frames each separated by servo
gaps. In one embodiment, at least one transition of the repeated
pairs in a frame is shifted longitudinally with respect to other
of the transitions, the shifted transitions comprising the
modulated data information.

Data information of the type proposed by the incorporated
Albrecht et al. patent is employed to provide prerecorded
longitudinal position registration data information in the timing

based servo patterns of the longitudinal servo track. As an



patent, .in addition to the deternination of the |ateral position of a head
wi t h“Fespect to the w dth of a tape by neans of the timng based servo
pattern, data may be npdul ated’into; or superinposed on, the servo pattern
to allow determ nation of the |ongitudinal position of a tape. In one
exanple, a pair of transitions are each oppositely facing slanted |ines
formed into groups, or "frames", of rrul4tiple pairs of transitions, the
simlarly sloped transitions of each pair arranged together in a burst,
with the bursts and the frames each separated by servo gaps. |In one
enbodi ment, at |east one transition of the repeated pairs in a frame is
shifted | enghpleli rtalel yenwre hinfespation sogphépes Flieraatinghst tanghd, the
shifted transitions conprising the nodul ated data .information. Dat a
i nf or mat | 8ATY? FridesypBerRiBpsseh Bit e thcoPpdratdddal Apdtdcit et al .
pat ent is,eggl oyed to prOVidcdﬁ?i prerecorded _I n{gi t udi_nal posg[tion
regi strat B ’E)‘%%%Hnnflﬁrﬁ%‘f‘? AP e RN R g}B S 5E8r 0b Dat 5EFNS of the
IOngltudlgggmé rQ”%hﬁ%%Eﬁg é%% agngitudinal position of the stripes of the
pair in opposite directions, shifts of the pair in first
directions representing a “1”, and shifts in the second,
opposite, directions representing a “0”. The absolute location
along the length of tape is represented by a “Longitudinal
POSition”, or “LPOS”, word composed of 36 bits from 36 frames,
consisting of 24 bits forming a position word, a 4-bit symbol
{(such as manufacturer’s or user’s data) and an 8-bit
synchronization mark. The bits are typically detected by
detecting the shifts of the pairs in the first or the second
directions by meésuring the intervals between each shifted
transition stripe and the adjacent unshifted transition stripes.
Media debris and defects can cause extra flux transitions to
be detected or inhibit detection of written flux transitions.
Measurement of the intervals for each shifted transition stripe
is not possible in the presence of these errors. But, the
modulated longitudinal position data is required on a constant
basis to provide accurate longitudinal positioning of the tape
and therefore must be reliably detected. 1In normal data

recording, extensive error correction codes are provided which

allow detection and correction of errors. However, no error



exapmpl e, 4 he servo information conprises alternating 5 and 4 servo franes
wherei'n &ch bit of the longitudinal position information is encoded into
a pair of the bursts of a 5 serVo frane by shifting the |ongitudinal
position of the stripes of the pair in opposite directions, shifts of the
pair in first directions representing a "1", and shifts in the second,
opposite, directions representing a "0"5 The absolute | ocation along the
lTength of tape is represented by a "Longitudinal PGCSition", or "LPOS",
word conposed of 36 bits from36 frames, consisting of 24 bits formng a
position word, a 4-bit synbol (such as manufacturer's or user's data) and
an 8-bit symeltdnhZaytion amar k11dwesl intisr atlee toppicent | stadwiagdt Eor HPOS
detecting the shifts of the pairs in the first or the second directions by
measur i ng Warslsi-nt Bpyrd ssheruednirergasshihe ebenathansi thodPOFr vpedand t he

adj acent unshifted transition stripes. Medi a debris and defects can
cause ext rRPFILRLYt HAREFIRGR4Yt 0 be detected or inhibit detection of

witten flux transitions. W©Masurenent of the intervals for each shifted
transition stripe is not possible in the presence of these errors. But,

the nodul ated | ongi tudi nal Qﬁﬁ@ﬁk?nofaﬁﬁ:Eﬁvﬁﬁﬂ#thd on a constant basis
posi

to provide accurate |ongitudina ioning o e tape and therefore
must be reliably detected. In nornmal data recording, extensive error
correction codes are provided which allow detection and correction of

errors. Howevemn BBj&€Ef Jf the present invention is to provide a robust
detection of each bit modulated into the timing based servo
pattern, and to provide a robust detection of each position word
of the data modulated into the timing based servo pattern.

Disclosed are a detector and method for detecting data

modulated into a timing based servo pattern prerecorded on a
media. The timing based servo pattern has frames of repeated
pairs of non-parallel transition stripes arranged in two bursts,
one of each of the pairs in one of the bursts, the bursts
separated by servo gaps, with ones of the frames having the
modulated data. The modulated data comprises shifts of two of
the pairs of transition stripes in the longitudinal direction of
the media relative to the other of the pairs of transitions
stripes, the shifts of ones of the pairs in first directions
representing a binary “0”, and the shifts of ones of the pairs in
second directions, opposite to the first directions, representing

a binary “1”. A servo system detects the transition stripes in



correctin bytes are allowed under the current standard for LPOS words.

Doi ng "so” woul d i ncrease the I ength of the LPOS words, possibly

unaccept abl y. * SUWARY OF THE | NVENTI ON An
obj ect of the present invention is to provide a robust detection of each
bit- nodul ated into the timng based servo pattern, and to provide a robust
detection of each position word of thegsdata nodulated into the timng
based servo pattern. Di scl osed are a detector and nethod for
detecting data nodulated into a timng based servo pattern prerecorded on
a - nmedia. The timng based servo pattern has franes of rep eated pairs of
non- par al |téte deagstudbrmls dirpesier odngea mwwush?%t%elatéﬁé BEEACh of the

pairs in one of the bursts, the bursts separated by servo gaps, w th ones
of the frdﬁ%@lH§§Pﬁ§tf%%1jﬁb8ﬁ@%ﬁed data. The nodul ated data conpri ses
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di recti on of

between selected sequential transition stripes within the bursts
in the ones of the frames having the modulated data. Interval
comparison logic, coupled to the interval detector, compares
selected ones of the detected timing intervals to other selected
ones of the detected timing intervals and provides signals
indicating whether the compared selected timing intervals
identify a shift of the transition stripes representing a “0", or
a “1”. A first counter coupled to the interval comparison logic
and responsive to each signal indicating the compared selected
timing intervals represent a “0”, increments the number of the
compared selected timihg intervals representing a “0” in each
detected frame, resetting the incremented number to zero at the
beginning of each detected frame. A second counter coupled to
the interval comparison logic and responsive to each signal
indicating the compared selected timing intervals represent a
“1”, increments the number of the compared selected timing
intervals representing a “l”'in each detected frame, resetting
the incremented number to zero at the beginning of each detected
frame. Bit comparison logic, coupled to the first and second
counters, compares, at the end of each detected frame, the

incremented numbers representing a “0” and representing a “1” to



the,media relative to the other of the pairs of transitions stripes, the
shifts of ones of the pairs in first directions representing a binary "0",
and the shifts of ones of the pairs*in second directions, opposite to the
first directions, representing a binary "1". A servo system detects the
transition stripes in the longitudinal direction of the nedia
during relative notion with respect to7the nedia. An interval
detector then detects the timng interval between sel ected sequenti al
transition stripes within the bursts in the ones of the frames having the

nodul ated data., Interval  conparison |logic, coupled to the interva
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increments t'he nunber of
for the detected frame.

The identified bit values for each of the detected frames
for a position word are accumulated in a buffer coupled to the
bit comparison logic, and a validity detector detérmines whether
the position word stored in the buffer is valid, and, if valid,
provides a signal identifying the stored position word as
“valid”. The validity may be determined by determining whether
each bit of the position word stored in the buffer is valid
and/or by sequence logic.

In one embodiment, the longitudinal position data comprises
a linear sequence of position words. The sequence logic
calculates the next sequential position word from an immediately
preceding position word and determines whether the stored
position word is sequential in the linear sequence.

Additionally, the sequence logic provides the calculated
next sequential position word at an output. Thus, the correct
LPOS value is provided at the output even if the detected

position word is invalid.



conpared selected timng intervals representlng a "0" in each detected
frame, ¥esetting the increnmented nunber 'to zero at the beginning of each
detected frame. A second counter cdupled to the interval conparison |ogic

and responsive to each signal .indicating the conpared sel ect

ed timng

intervals represent a "1", increments the nunber of the conpared sel ected

timng intervals representing a "1" i each detected frane,
i ncrenented nunber to zero at the begi nning of each detected
conparison logic, coupled to the first and second counters,
the end of each detected frane, the increnented nunbers repr

resetting the
frane. Bit
conpares, at
esentlng a "0"

and representi praa” #111€r understanding of the present invention, 7 a

predeterm ned criteria, determ ning which of the increnented

nunmbers neets

the criterreferamge wponldrke ofdeheo "t0le dolldwWwing detenked e@dspunpeien neeti ng

the criteria, provides an output signal identifying the corr

espondi ng "0"

or "1" as t¥kebiin ganienction whbhdeheecedmparyigg drawingrhe | dentified bit
val ues for each of the detected frames for a position word are accunul at ed

in a buffer coupled to the
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view representation of a tape drive

data storage device and associated tape cartridge in accordance

with an embodiment of the presént invention;

FIG. 2 is a schematic representation of a tape drive data

storage device with a data detector and associated tape

cartridge

showing one servo track in accordance with an embodiment of the

present invention;

FIG. 3 is a block diagram of a tape drive data storage

device and linear position system employing the data detector of

FIGS. 1 and 2;

FIG. 4 is a schematic representation of an embodiment of

magnetic tape media having prerecorded information, which may

represent linear position registration data information,

recorded

in magnetic flux transition servo patterns defining at least one

longitudinal servo track in accordance with the present

invention;

FIGS. 5A and 5B are a representations of coded “5,4" servo

patterns encoding, respectively, a “1” and a “0” bit, which may



bit comparison logic, and a validity detector determ nes whether the
p05|t|oh word stored in the buffer is valid, and, if valid, provides a

signal identifying the stored position wrd as "valid". The validity may
be determ ned by determ ning whether each bit of the position word stored
in the buffer is valid and/or by sequence |ogic. I n one enbodi nent,

the | ongi tudi nal position data conprisgs a |linear sequence of position
words. The sequence logic calculates the next sequential position word
froman i medi ately preceding position word and determ nes whet her the
stored position word is sequential in the |linear sequence.

Addi ti onal bg, infhersatiadnte dcogirdapsowidds at peefeaired| arealineakt oS efirent i al
position word at an output. Thus, the correct LPCS value is provided at
t he out put PE¢SRY finvgetyRtiected position word is invalid.

For a fuller understandlng‘of t he present invention, reference should be

made to the folTNng #edal 1366 eS¢ rFPHtaneRERI nt eRFUITELBN Rt h t he

acconpanyi ng draw ngs
pany g tection %nd position word detection, in accordance with an

embodiment of the method of the present invention;

FIGS. 8 and 9 are block diagrams of, respectively, a bit
detector and a position word detector, in accordance with an
embodiment of the present invention; and

FIGS. 10 - 13 are diagrammatic representations of detailed
embodiments of the bit and position word detectors of FIGS. 8 and

9.

DETAILED DESCRIPTION OF THE INVENTION

This invention is described in preferred embodiments in the
following description with reference to the Figures, in which
like numbers represent the same or similar elements. While this
invention is described in terms of the best mode for achieving
this invention's objectives, it will be appreciated by those
skilled in the art that variations may be accomplished in view of
these teachings without deviating from the spirit or scope of the

invention.



BRI.EF DESCRI PTI ON OF THE DRAW NGS FIG 1 is a perspective view
representation of a tape drive data storage device and associ ated tape
cartridge in accordance wth an enbodi nent of the present invention;

FIG 2 is a schematic representation of a tape drive data storage device
with a data detector and associated tape cartridge show ng one servo track

i n accordance with an enbodi nent of thegy present invention; - FIG 3 is.
a bl ock diagramof a tape drive data storage device and |linear position
system enpl oyi ng the data detector of FIGS. 1 and 2; FIG 4is a

schematic representati on of an enbodi nrent of nagnetic tape nedia having
prerecorded i nfRafexring, teBISH - nhyand &pr aseata |stpeage positelohs regi strati on
data information, recorded in magnetic flux transition servo patterns
defi ni ng atllwestytatedeint¢bedjingudikpal dsisleydata agtlorbge adeorcdade sweth ashe
present invention; FI GS. 5A and 5B are a representations of coded
"5, 4" serve nygtdtdrnsapachdiveg, anéspewicivety, tape” tarandige 10, .with awhi ch
may

data detector 15 in accordance with the present invention.

Referring to FIG. 1, the tape drive 12 accepts tape cartridge 14,
which stores data in the form of data sets to be read and/or
written by the tape drive 12, and is connected to a host
processor 16 by a cable 18. The tape cartridge 14 comprises a
housing 19 containing a leﬁgth of tape 20, such as magnetic tape.
Examples of magnetic tape cartridges 'include single reel
cartridges such as the IBM “35907, “Digital Linear Tape”, or dual
reel cartridges such as “Travan” or IBM “3570”. Alternatively,
the tape drive 12 may comprise an optical tape drive, and tape
cartridge 14 may comprise an optical media. The tape drive 12
includes a receiving slot 22 into which the cartridge 14 is
inserted. The host processor 16 can comprise any suitable
processor, for example, a personal computer such as the IRM
"Aptiva", or can be a workstation such as the IBM "RS6000", or
can be a systems computer, such as the IBM "AS400". The tape
drive 12 is preferably compatible with the associated host
processors and can assume any one of a variety of cartridge or

cassette linear formats. Examples of such tape drives include



be .i;npl egented in accordance with a preferred enmbodi ment of the present

i nventi on; FIGS. 6 and 7 are flow charts depicting, respectively, bit
detection and position word detection, in accordance with an enbodi nent of
t he met hod of the present invention; FIGS. 8 and 9 are bl ock di agrans
of, respectively, a bit detector and a position word detector, in
accordance with an enbodi nent of the plrlesent i nvention; and FIGS. 10
- 13 are diagrammatic representations of detailed enbodinments of the bit
and position word detectors of FIGS. 8 and 9. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON This invention is described in

pref err ed b SBMNEM X 'i Haphedris MBRFhg esBiIbtalodiRERR Ta8eer 8ce to the

Figures, in which |ike nunbers reQresent the sane or simlar elenents.
Wi | e this TTREEBNt FOPAELYRSEIRDEG YR terns of the best node for achi eving
this invention! s _objectives, it wll be apgreci at ed,bg ihose %ki lled in
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drive motors (not shown) for rotating the reels of the cartridge.
14 to move the tape 20 across a head assembly 24. The head
assembly is shown in solid lines and includes a relatively narrow
servo read head 26 that detects a servo pattern recorded in a
servo track 27 of the tape. A data head 28 of the head assembly
is typically larger than the servo head and is positioned over a
data track region 29 of the tape containing multiple data tracks
for reading data recorded in a data track, or for writing data in
a data track. ‘FIG. 2 shows a single servo read head and a single

data head for simplicity of illustration. Those skilled in the
art will appreciate that most tape systems have multiple parallel
servo tracks, multiple servo read heads, and multiple data read

and write heads.

The servo track centerline 30 is indicated as extending
along the length of the tape 20. The servo read head 26 is
relatively narrow and has a width substantially less than the
width of the servo track 27. In accordance with the incorporated
Albrecht et al. patent, the tape is moved longitudinally across
the tape head assembly 24 so that the servo track 27 is moved

linearly with respect to the servo head 26. When such movement



t hese teachings wthout deviating fromthe spirit or scope of the

i nventi on. 10 Referring to
FIGS. 1 and 2, a data storage systemis illustrated including tape drive
data storage device 12, such as a magnetic tape drive, and associ ated tape
cartridge 14, with a data detector 15 in accordance with the present
invention. Referring to FIG 1, the tdBe drive 12 accepts tape cartridge
14, which stores data in the formof data sets to be read and/or witten
by the tape drive 12, and is connected to a host processor 16 by a cable

18. The tape cartridge 14 conprises a housing 19 containing a |length of
tape 20, UFWris HRQyieEve Pabeern R MPIEIGT f%’é’@n‘é‘ﬁ“@lgéﬁlés%asrt ri dges

include single reel cartridges such as the | "3590", "Digital Linear
Tapet . or ARGSETeR By i EPFUGOERUEREAcS FRabaRE o BRFYSSTGH 2nelt8
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servo read head signal and generates a lateral position signal
that is transmitted via position signal lines 38 to a servo
controller 40. The servo controller generates a servo control
signal and provides it on control lines 42 to a servo positioning
mechanism at head asseﬁbly 24, The servo bositioning mechanism
responds to the control signal from the servo controller by
moving the assembly including servo head 26 laterally with
respect to the servo track centerline 30 to reach the desired
servo track or to maintain the servo head 26 centered with
respect to the servo track centerline 30.
As discussed above, the data is typically transferred to or
from the tape media by streaming. The data transfer is, however,
often subject to interruption while the media continues to move
at its continuous nominal velocity. Thus, the media must be
stopped, and later restarted.
On restart, the media position must be correlated and
resynchronized with respect to the data set sequence. The tape
drive 12 repositions the tape media backwards by back hitching by

operating the drive motor in the reverse direction for a defined



progessor, for exanple, a personal conputer such as the IBM "Aptiva", or
can be & workstation such as the | BM "RS6000", or can be a systens

conput er, such as the IBM "AS400". The tape drive 12 is preferably
conpatible with the associ ated host processors and can assune any one of a
variety of cartridge or cassette linear formats. Exanples of such tape

drives include the 1BM "3498" tape drive units, or "Digital
Li near Tape" or "Travan" conpatible tape drives. Referring to FIG
2, such tape drives typically include drive nmotors (not shown) for
rotating the reels_of the cartri .14 to ve_t he t-ap a head
assenmbl y 2BSTIAR Hedd™eassENDIRRS héﬁ 5 ﬁggﬁ??%fﬁlo es” aH%)lnéﬁige

relatively narrow. servo read hea t e r recorded
n 2 servaibratiti T oBr 8N 88 4P a%mh RiE I T ok M
typically chfggeist ot Qgeé&r d @aelne@% $eRO5b4 '@ﬁegoi@x‘{@ra@ wrdahathé ack
region 29 of "the tape containi'ng nultiple data tracks for reading data

recorded i QaRadatfndfeACknald. f AheWpbbidit dak@ntion drdatiacs rade which 2
shows a single servo read head and a single
may be used to synchronize the data sets to the linear position
of the tape for restarting the data transfer. Thus, the data
transfer begins at exactly the point at which it was stopped, or
at a desired offset.

The incorporated Albrecht et al. patent discloses a magnetic
tape media having data information superimposed on, or modulated
into, prerecorded track following servo information. The servo
information is recorded in magnetic flux transition patterns
defining at least one longitudinal servo track. A servo burst
pattern of at least two repeated pairs of non-parallel magnetic
flux transition stripes is provided, which are slanted or
otherwise continuously longitudinally variable in different
directions across the width of the servo track. In one example,
the transition stripes are each oppositely facing chevrons, each
pair of transition stripes thereby forming a “diamond”. The
pairs of transition stripes are formed into groups or frames of
multiple pairs of transition stripes. In one embodiment, at
least one transition stripe of the repeated pairs in a group is

shifted longitudinally with respect to other of the transition



data head for sinplicity of illustration. Those skilled in the art wll
appreci ate that nost tape systens have nmultiple parallel servo tracks,

mul tiple servo read heads, and nultiple data read and wite heads.

The servo track centerline 30 is indicated as extending along the length
of the tape 20. The servo read head 26 js relatively narrow and has a

w dth substantially I ess than the wi dt¥ of the servo track 27. In
accordance with the incorporated Albrecht et al. patent, the tape is noved
| ongi tudi nally across the tape head assenbly 24 so that the servo track 27
is noved ljinearly with respect to the servo head 26. Wen such novenent

12 occufEFiR%R” $BeyEhbEGk K apFl HRIhStirdPes (SOMPEARANG i s is  det ect ed

by the seryo r ead hegd 26 so that it generates an analog servo read head
signal that PR CHed2 Vi & HoLBrI i gnal line 34 to a signal decoder 36.
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invention, to provide position words which comprise linear
position registration data information.

FIG. 3 illustrates one embodiment of a linear positioning
system employiﬁg the data detector of the present invention.
Referring to FIG. 3, the servo syétem 52 decodes the data from
the servo signal on the servo track. The data detector 15
detects the linear positioning (LPOS) position words, and
provides the position words to a linear position decoder 50 which
detects the prerecorded linear position registration data from
the detected position words. The linear position registration
d%ta is encoded as a sequencé of position words, which are
continually incremented in a first direction over the entire
length of tape, and appear as an opposite sequence in the
opposite direction over the length of tape. Each position word
is therefore of sufficient length to provide a large number of
bits of registration data so that, preferably, the registration
data may be recorded as sequential data which will not be
repeated in the entire length of tape.

Herein, the term “position word” represents either the

linear position registration (LPOS) word or the entire set of



sighal and provides it on control lines 42 to a servo positioning
mechani sm at head assenbly 24. The servo positioning mechanism responds to
the control signal fromthe servo controller by noving the assenbly

i ncluding servo head 26 laterally with respect to the servo track
centerline 30 to reach the desired ser track or to maintain the servo
head 26 centered with respect to the sefvo track centerline 30. As
di scussed above, the data is typically transferred to or fromthe tape
medi a by streami ng. The data transfer is, however, often subject to
interruption while the nedia continues to nove at its continuous nom nal
vel oci ty. datasinehedimadithe RIS [ordst BidetynchRen} Zatd PR BRT K AT 20y On
restart, the nmedia position nust be correl ated and res¥nchroqk%ed wth

respect tOtPRE ETeLiSdedsadtitce APPhERE dfiE™ dFP%&fmﬁ?trep%%??ﬁﬁans the tape
ted! 2 backyerds by_bagk. BLLEIL 10 Y ¢, R AL bl YEGHBASY denchbe

reverse dish

period of L?R%EFH%_Q%} it%xa%%ehii}.f;&éi%nt B@rgfé)irdf'glgf 88 AR 9Xi ARd Q;pploisﬁ_lﬁélr

di st ance, dpe notiron 1s restarted so that the
direction.

13

At some point, the recording media may be stopped. The
stoppage may be due to an interruption in the data transfer, as
discussed above. Alternatively, the data transfer may.be
complete. Thus, the media, instead of restarting, may be rewound
and removed from the drive 12. The linear position registration
information, derived from the LPOS decoder 50, at the end of the
last data set of the data transfer, is stored.

If the data transfer wés interrupted, the recording media
must be back hitched and later restarted. The drive 12
accelerates the recording media up to the correct speed to allow
the servo system to center the tape head.

After the tape drive 12 back hitches the recording media and
restarts the movement of the media, the media position must be
correlated and resynchronized with respect to the data set
sequence.

The linear position registration information, derived fron
the LPOS decoder 50, is again read and is compared to the stored
linear position registration information. Upon detecting a

comparison, the identical linear position, or a desired offset,



tape is up to speed by the tine it reaches the point at which the data
transfer ended. The present invention provides data which my be used to
synchroni ze the data sets to the linear position of the tape for
restarting the data transfer. Thus, the data transfer begins at exactly
the point at which it was stopped, or at a desired offset. The

i ncorporated Al brecht et al. patent di st oses a nagnetic tape media having
data i nformation superinposed on, or nodulated into, prerecorded track
followi ng servo information. The servo information is recorded in magnetic
flux transition patterns defining at |east one Iongitudinal servo track. A
servo bursPf ihe rerprdinamaddashas Reerepeatirt parfstht deds- phrarelel
magnetic flux transitjon stripes js provided, ich are sl anted or

ot herwi se %%ﬁﬁqnh§§u§P§t+?ﬁﬁﬁ Fu&??ﬁﬂqqftﬁﬁPi%5I%P%Nﬂa8?f?ﬁﬁq§ﬁFr'd??%ﬂnﬁ ons

across the he servo track. the .transjtion

i dth of t | |
stripes ar‘é‘g\gecgcq?egﬁﬁbg?t%q Ya Wé&FﬁgaQﬁ?é‘\ar gﬂ%ae%%gﬁ g%‘é?t}mélflzf'f‘%n??eti on

stripes thereh i,ng a .. diampd;.. Th pairs of ftransition.stripes are
f or med intgé%#%§92§5§?°gr%ﬁﬁ§§n fOE”&ﬁ 3 5 Esﬁgfféeofef?éﬁgégtngl%tripes. In

one embodi ment 3t ff‘)?&sﬁ!%%e%ré‘”?é%?'r%n G &%1% 9b, L 8¢ gge%tﬁ%j?rpeadircs. 'na
group is shifted longitudinally wth respec o of her of "t he ansition
tape media, having prerecorded interpolatable linear position
registration data information 71 recorded, for example, in
magnetic flux transition servo patterns, defining at least one
longitudinal servo track. The data of the servo track comprises
a plurality of frames 73 of alternating groups of burst patterns

74 and 75.

In accordance with one embodiment of the present invention,
one bit 76 of linear position registration data 71 is provided in
each frame. The data ip the servo track preferably includes a
synchronization character 77 followed by the longitudinal
position data 71, and may be followed by other data 78, such as
data supplied by the media manufacturer. As an example, the
synchronization character may comprise an 8 bit character, such
as a “1” bit followed by 7 “0” bits. The synchronization
character provides a means of identifying the beginning of each
word of linear position registration data.

As discussed above, the linear position registration data 71

is encoded into the servo track over a length of tape sufficient



14 , stripes, the shifted transition stripes conprising the superinposed
data i nf'or mati on. Data i nformation of the type proposed by Al brecht
et al., is detected by detector 15, in accordance with the present

i nvention, to provide position words which conprise |inear position

regi stration data information. FIG 3 illustrates one enbodi nent of a
| inear positioning systemenploying the data detector of the present
invention. Referring to FIG 3, the servo system 52 decodes the data from
the servo signal on the servo track. The data detector 15 detects the

| i near positioning (LPOS) position words, and . provi.des the positjon words
to a |ine&P BBRYI %R &éﬁ%ﬂe‘f‘u‘%r\/\ﬂf&ﬂt%ﬁeﬁ?gl?%é\éﬂif’gr%%%af cfg)d%}]?htaar
position regqgistration.data from .the. detected pos|ti r e_linear
posi tion Pégf%f?}‘gﬁf'orifhe_ci’é‘f%lsitsraéﬁc%q%%aaslfag g%qﬁegﬁggggfg\%o%m%gga%r_ds,

whi ch ar e g eonkh Rl R6E SPNLedall 3 ich8! ofRChAPRWS caB entire

| engt h of tape, and appear as an opposite sequence in e opposite

directionpuete e dr@REEN-OhtdidReg BRENLRRAKT b t4RMd redBsdriichoagt Hf
sufficient length to provide a | afge nunber o bits of registration data

so that, peefBeapddbrdedeiregild abtofdimpmadimyate seags dedd as teequent i al
data which will not be
cutting the recording media into individual media. As the
resﬁlt, the linear position registration sequence may not begin
at a low number in the total sequence, but rather may begin at
any number in the total sequence.
As an example, the total word may comprise a linear position
registration word 71 having a large number of bits, such as 24
bits (logically organized into six 4-bit symbols}, and an
accompanying synchronization character 77 (e.g., 8 bits) and
other data 78 (e.g., a symbol of 4 bits). In accordance with one
embodiment of the invention, each frame 73 comprises two groups
of patterns 74 and 75, and the total linear position registration
data pattern comprises an 8 bit synchronization character 77, a
24 bit linear position registration data word 71, and 4 bits of
other data, for a total of 36 bits 56 and 36 frames 73.
In accordance with the Albrecht et al. patent, FIGS. 5A and

5B illustrate examples of servo patterns in which data may be

encoded or modulated into the serve pattern. The minimum number

of transition stripes in a frame that can be used to generate a



repeated in the entire length of tape. Herein, the term "position
word" represents either the linear position registration (LPCS) word or
the entire set of data including the LPCS word, the
synchroni zation mark and any other associated synbol, and the term

"increnent"

represents either a single increase in the binary nunerical

sequence of the LPOS words in one dird8tion or a single decrease in the
opposite direction. At some point, the recording nmedia my be

stopped. The

stoppage may be due to an interruption in the data transfer,

as discussed above. Alternatively, the data transfer may he _conplete.
Thus, the #@EN% PosAsienEHry 646871 30§ thagnerder 8abdnt® aRd P from

the drive 12. The Iinearrﬁosition r%ﬁjstration ingorﬂa
the LPOS detdd t58nsitic S

is stored.

tion derjved f
BtPOO% HBSGH CPans er

SEABCHf $HE TFaktt'dsPa

Lf the data t f i , i di
mist be babkTEEPHREE |5 & PRLSt S Cao g e ob S > ABeET o bt ea% ho
recording ffﬂﬂ&r%%ehoe;(%lceororfegt ~$PpeG LR-al¢ o groups, two pairs of

transition stripes of the 5 stripe group are employed. As

illustrated in FIG. 5A, a “1” is encoded by moving the transition

stripes 80 and 81 apart, and moving the transition stripes 82 and

83 closer together. As illustrated in FIG. 5B, a “0” is encoded

by moving the transition stripes 84 and 85 closer together, and

moving the transition stripes 86 and 87 apart. The distance each

transition stripe of the pair is moved is identical in magnitude

but opposite in direction. In FIGS. 5A and 5B, the 4 stripe

group is unchanged and represents the normal spacing of the

transition stripes without data.

Hence, in FIG. 5A, the encoded “1” intervals between

transition stripes “a”, “d”, “e” and “h” are reduced, and the

intervals “b"”, “e¢”, “£” and “g” are increased. In FIG. 5B, the

encoded “0” intervals between transition stripes “a”, “d”, “e”

and “h” are increased, and the intervals “b", “¢”, “£” and “g”

are reduced.

Typically, the intervals on either side of each transition

stripe are measured as timing intervals between detected peaks of

the servo transition stripe pulses, and the timing intervals are



the servo systemto center the tape head. After the tape drive 12
back hitChes the recording nedia and restarts the novenent of the nedi a,
the nedia position nust be correlated and resynchronized with respect to

the data set sequence. The |inear position registration information,
derived from the LPOS decoder 50, is again read and is conpared to the
stored linear position registration irnPormation. Upon detecting a
conparison, the identical linear position, or a desired offset,

16 of the recording nedia has been reached, and the data channel system
55 initiates a c t|n tlon of .th data\,xansfer,, ad eration or
a wite af| 88ﬁ8r8%e ﬁrm§9%éﬁF%ﬁFE|%g readlng aH%rg%ﬁmmﬁ Png of data

sets on the, &ﬁfg{ q?ﬁ%gg%gdtujmhavF££a 4-|Ilustrates a recording media 70,

such as a nagne i ng prerecorded interpol atable |inear
position regisisati@ndgia ifd qQemBtipn ank recergdedanfiorg exanple, in

magnetic flux transition servo patterns, defining at |east one
| ongi tudi nal sepvo-t(aackp) Thendaica<od) t heaseeve 4)r,aakdconpr itges

Alternatively, the timing intervals between peaks of the
tranéition stripes pulses, detected from stripes that are
respectively increased or reduced, may be separately summed. An
examéle of this algorithm is that:

“1”" = {a+d+ e+ h) < {b+tc+ £+ qg):

“W"*" = (a+d+e+h) >((b+c+f+ g

The difficulty with these algorithms is that if one or more
of these peak timing intervals is measured incorrectly, or is
unmeasurable, incorrect bits are generated or the detection is
found to be invalid. |

As discussed above, a total LPOS word may include a
synchronization mark, the LPOS position word, and another symbol.
Typically, a sequence of 36 frames of bits detected from the
timing intervals is shifted into a shift register, and, since the
tape may be moving either in a forward or a reverse direction,
the bits may be shifted in either the forward or reverse
direction, a search is made for the synchronization mark, and the
adjacent bits decoded by lookup in a table to determine the LPOS
from a table. The algorithm has no room for error tolerance

since it generates a LPOS from every 36 frames. If a single bit



a pluraljty of frames 73 of alternating groups of burst patterns 74 and
75, I n accordance with one enbodi nent of the present invention, one
bit 76. of linear position registration data 71 is provided in each frane.
The data in the servo track preferably includes a synchronization
character 77 followed by the longitudingl position data 71, and may be
foll owed by other data 78, such as datd supplied by the nedia

manuf acturer. As an exanple, the synchronization character may conprise an
8 bit character, such as a "1" bit followed by 7 "0" bits. The
synchroni zati on character provides a neans of identifying the beginning of
each wor d18f dpFered egssneP e Wedhet FRAS dsghier word Wl%%%tﬁ d@gesEechbove,
the linear position registration data 71 is encoded into the servo track
over a | en§fh™b¥5%%pe sufficient '

17 t id | & f it f i st ti dat hat
o erant v CtnaF Sy & e rnidielrats e ek ihaly 8t Be iR ot whi e
will not be repeated in.the_entire |l.en tg%%ga%?§§bf The ser,v.0 agacks

i 7 /¢

cont ai ni ngPERESTY ndhP568T t19n FEgF &Y A réspective

encoded bits and position words, and FIGS. 8 and 9 illustrate an
embodiment of, respectively, a bit detector and a position word
detector, in accordance with the present invention.

Referring to FIGS. 6 and 8, with reference to FIGS. 5A and
5B, the method of robust detection of the encoded bit of each
frame by a robust detector is discussed. At step 100, frame
detector 101 detects the end of one frame and the beginning of
the next. This is accomplished by the detection of the gap
between the previous-frame and the new frame. The frame detector
101 is a part of the servo system, and tracks the gaps between
the 4 transition and 5 transition groups,~and the gaps within the
groups, separating the pairs of transition stripes. Based on the
direction of motion of the tape and the sequence of gaps, the
frame detector 101 determines the beginning of a new frame and
the point at which the timing intervals between transition
stripes represents the intervals between the transition stripes
of an encoded 5 transition group.

Upon the detection of the new frame, in step 102, the signal

from the frame detector resets counters 106 and 107 to an initial



may. be recorded into the recording nedia at a stage prior to cutting the
recording nmedia into individual nmedia. As the result, the linear position
regi stration sequence may not begin at a |ow nunber in the total sequence,
but rather may begin at any nunber in the total sequence. As an
exanple, the total word nmay conprise a2li near position registration word
71 having a large nunber of bits, such as 24 bits (logically organized
into six 4-bit synbols), and an acconpanyi ng synchroni zation character 77
(e.g., 8 bits) and other data 78 (e.g., a symbol of 4 bits). In accordance
with one enbodinment of the invention, each frame 73 conprises two groups
of patter n§t¥8eantichs asand” t héliset alnteriads dpbestarodlPegintyter 841, dat a
pattern conprises an 8 bit synchronization character 77, a 24 bit |inear
position r B§PLRT af"c"i%t‘ileﬁaﬁ‘éll‘m)roelf The BHing BpESrvils bekeeenidite pRoksa t ot al

of 36 bits 76 and g) In accordance with the Al brecht et

al . pat ent eEfEed 5‘5@"? ISWSSERat P hex ARBFERI0ACSEFTRF Jth 8LAS % whi ch
data may be encojiegl}il ated into the_servo pattern. The m nimum
number  of *tPah%i¢ sf?ﬂﬁ%ssysr'feg frabfP ditde COARFBES kR Gt E FehBRat e a

1 .
8 intervals between peaks for the 5 transition stripe group for the

entire frame, and until a detection of the end of the frame, in
step 113.

In accordance with the present invention, store and compare
logic 112, in step 1i4, separately compares selected ones of the
measured timing intervals between detected peaks. The selection
of each compared timing intervals is made to detect a
relationship between the timing intervals representing one
increased and one reduced interval for the bit. In the example
of FIGS. 5A and 5B, timing intervals “a” and “b” are compared,
timing intervals “e” and “d” are compared, timing intervals “e”
and “f” are comparéd, and timing intervals “g” and “h” are
compared. Hence, the shift of each transition stripe, as
determined by the timing intervals between the detected peaks, is
detected separately. Alternative selections may be made in
accordance with the present invention, each representing a
separate comparison of an increased interval to a reduced

interval.



serv0 position error signal and to encode data is a single pair of the
transition stripes, each transition stripe of the pair in a separate burst

of simlarly sloped transition stripes. In the illustrated exanple of a
"5,4" frame of two groups, two pairs of transition stripes of the 5 stripe
group are enployed. As illustrated in FIG 5A a "1" is encoded by noving

the transition stripes 80 and 81 aparg and noving the transition stripes
82 and 83 closer together. As illustrated in FIG 5B, a "0" is encoded
by noving the transition stripes 84 and 85 cl oser together, and noving the
transition stripes 86 and 87 apart. The distance each transition stripe of
the pair is no Svssh@%h%ﬁéﬁlmﬁﬁsmﬁﬁhtﬂmﬁ%gi%ﬁﬁrﬁpbd§¥iéelﬁr@ﬁ¢%mt|on I n
FIGS. 5A and 5B, the 4 stripe group is unchanged and represents the nornal
spaci ng ofth¢ﬁathﬁﬁaﬁ§|timﬂnQSﬂﬂtﬁEﬁﬁlM“bﬁoutrqnﬁxilon stripde8dehas nliKeGy 5A,
the encoded "1" intervals between transition stripes "a", "d", "e" and "h"
ar e reducedeemmhitfited t¢wandvaksnsit%od'st¥lpé'95andep§ﬁsentangnerEHSed I n
FIG 5B, the encoded "0" intervals between transition stripes "a", "d",
"e" and "$imdlee liyncskaskt thandets herddntténiad sintketyal c'g” bk" lasd tigih are
reduced. Typically, the intervals on either side of each transition
stripe aretmetasfi édmasgg timtiengal ntdt,valranbetieentdeépedethapeakBeBf belehe
servo transition stripe pulses, and the timng intervals are

shifted away from transition stripe 87, also representing a “07,

etc:
In step 115, each comparisbn by logic-112 determining that
the timing intervals represent a “0” increments, in step 116,
counter 106, and each comparison determining that the timing
intervals represent a “1” increments, in step 117, counter 107.
The comparisons of step 114 and determinations made in step

115 may be represented by the following table:

Increment Increment Hold
“1” Count “0" Count Both counts
a, b a<b a>»D a=>»
c, d c >d c < d c =d
e, T ) e < f e > f e = f
g, h g>h g <h g =nh

Thus, any one of the comparisons incrementing the respective

counter may define whether the bit is a “1” or a “0”. 1In



19 ., conpared to determne whether a "1" or a "0" is encoded. An exanple
of this algorithmis that: "1" = (a <b), and (¢c > d), and (e < f),
and (g > h); "0" = (a>Db), and (c <d), and (e > f), and (g < h).
Alternatively, the timng intervals between peaks of the transition
str.ipes pul ses, detected fromstripes that are respectively increased or
reduced, may be separately sunmed. An 28xanple of this algorithmis that:
"1" =(a+d+e+h) <(b+c+f +0); "0O" =(a+d+e+h >(b+
c +f +9). The difficulty with these algorithnms is that if one or
nore of these peak timng intervals is nmeasured incorrectly, or is
unmeasur abesordaseeretth Hibespaetenfedavarkoor NPhal e COMBAT 1N PEEAd to be
i nval i d. As di scussed above, a total LPOS word may i nclude a

synchr oni Z28 iteA-isdr ke arkk nEPOBLh RS tHHENCHRIELSIRT HifotIFaMLES ol

Typical ly, a sequence of 36 frames of bits getected fromthe timng
interval s i s sHi¥ 688Pi Tt afshi¢ tene§ifsthe, fFhamg, har Mt ?ﬁgn reached,

the process cycles back to in step 111 to detect the next timing
interval, and the count of the appropriate counter continues to
be incremented.

At the end of the frame, step 113 directs the process to
step 120.

In accordance with the present invention, in step 120, a
criteria 122 is provided to compare logic 123, and both the count
of “0” counter 106 and “1” counter 107 are compared to the
criteria. The criteria is a predetermined count at which the
decision will be made as to whether a “0” or a “1” is detected
from the timing interval comparisons. As stated above, a single
comparison, or criteria of a count of one, may indicate the bit.
However, if a transition stripe is misdetected, both counters may
exhibit a count of one. At the other extreme, all of the
comparisons may be required to determine the bit, in the instant
example, by employing a predetermined criteria of a count of
four. However, if a transition stripe is missed, no detection
would be made.

Hence, the selected predetermined criteria is preferably set

at a level such that a “majority vote” between the counters



tape may be noving either in a forward or a reverse direction, the bits
may be shifted in either the forward or reverse direction, a search is
made for the synchronization mark, and the adjacent bits decoded by | ookup
in.a table to determne the LPOS froma table. The al gorithm has no room
for.error tolerance since it generates a LPOS fromevery 36 franmes. If a
single bit 24 20 i s decoded
erroneously, the LPCS position word will be incorrect or m ssed.

FIGS. 6 and 7 illustrate an enbodi nent of the nethod of the present
invention for the robust detection of, respectively, encoded bits and
posi ti on wdetsrmimes EhESbiB. aﬂdcgltetusﬂﬁﬁﬁet%mlf%ﬁ@éﬁ?%%ﬂ¥m6fallows

respectively, a bit detector and a position word detector, in accordance
with the preseati¢mienbeonade in thR&’”eﬁ?sreinﬁ@ ?H FTEeStse PEOVHEEH @
reference to FIGS, 5A and 5B, met hod robust detect i on

encoded bi FOBPS’éaﬂﬁFecftrl&ﬁeof)fa& BE)Est Idbttglgtbrﬂs‘fiagl F’s{%lﬁélséd %flé%]lgp 100,

LT et S PR AL Pl A oo ke of e
criteria of three is less likely to provide detection in the
presence of a defect. For example, if the encoded bit is a “0“,
it is unlikely that two of the four comparisons would be a “17,
and a failure to detect two of the peaks would still result in a
detection of the bit. If the two missed peaks are in the same

burst, the detection tolerates a defect which covers the entire

burst.

Hence, with a predetermined criteria of 2, if both counters
(“0” and “1”) equal 2, the detection fails, but if either is at
least 2, and the other is less than 2, the former is qualified as

valid.

Thus, in step 125, compare logic 123 posts the “0” or the
“1” bit representing the counter meeting the predetermined
criteria on line 126. 1In the example of FIG. 8, the “1” bit may
be an active signal on line 126, while a “0” bit may be an
inactive signal. To indicate that a “0” or a “1” bit is present,
a “bit valid” signal is posted on line 127 at the appropriate
clock time. The process of FIG. 6 then cycles back to step 100

to detect the bit of the next frame.



bet ween t.he previous frane and the new frame. The frane detector 101 is a
part of the servo system and tracks the gaps between the 4 transition and
5 transition groups, and the gaps within the groups, separating the pairs
of transition stripes. Based on the direction of notion of the tape and

t he: sequence of gaps, the frane detectgs 101 determ nes the beginning of a
new frame and the point at which the timng intervals between transition
stripes represents the intervals between the transition stripes of an
encoded 5 transition group. Upon the detection of the new frane, in

step 102, the signal fromthe frane detector resets counters 106 and 107
to an initial Referring to FIGS. 7 and 9, the method of r@bust detegtdonsuch as

"0". Also, interval detector 110, in step 111, begins the detection of the
ti m ng intefvdis epepdedradidiprakerd dat ectaehshydehectyar ve dystuwmmedThe
interval detector may also be a part of the servo system Step 111
conti nues The ddittedfinghd26 jamdethal Pifevadetd” peakrs12broft HEG5 8rawfsi tion
stripe group for the entire frane, and until a detection of the end of the
frame, in ceyrpdi]1gespectively, to buffers 130 and 131. Thus, buffer 130
will shift in the detected bits comprising the total word, and
buffer 131 shifts in the “bit wvalid” signals. A valid word will
have all “1” in the buffer 131.
The robust detector of the present invention determines its
controls by its own state behavior.
As discussed above, each total word begins (in one direction
of reading) or ends {in the opposite direction of reading) with a
synchronization mark, and the total word is fixed in length, such
as 36 bits. Thus, knowing the direction of reading, word
detector 135, in step 136, identifies the completion of the entry
of the word in buffer 130. In accordance with the present
invention, sequencer 138, in step 139, calculates, from the
previous position word, the next position word in the sequence.
Thus, depending on the direction of the tape, the sequencer 138
increments or decrements the previous position word to the next
position word in the linear sequence.

In this manner, the next position word is known and may be

output at any time, such as in step 140. The content of buffer



In accordance with the present invention, store and conpare logic 112, in
step 114, separately conpares sel ected ones of the neasured tining

i nterval s between detected peaks. The selection of each conpared timng
intervals is made to detect a relationship between the timng intervals
representing one increased and one reduced interval for the bit. In the
exanple of FIGS. 5A and 5B, timng intefals "a" and "b" are conpar ed,
timng intervals "c" and "d" are conpared, timng intervals "e" and "f"
are conpared, and timng intervals "g" and "h" are conpared. Hence, the
shift of each transition stripe, as determned by the timng intervals

bet ween t helMetiscpedvidak$o pesitianetred dehpatareldA: APEERnde TS ESséPEcti ons
may be made in accordance with the present invention, each representing a

separ at e carpEtiiconwetd asebacpbiRed b Arervile SYRELFRFREdOT i TR val .
22 Thus, should the neasured timng interval "a" be greater than
that of timing iTheepontenrtpof PpEfRYy 33nlstRiPeI8d FAPISTEEPY Whekn shifted

toward transition stripe 85, representing a "0". .
validity detector 145, which comprises logic to detect whether

the detected position word is valid. A first test is to sense,
in step 146, whether the word from the buffer 130 is valid,
conducted by sensing whether the content of buffer 131 is all
“1”s, and whether the full word has been received. Additionally,
synch mark detectér 147 determines whether the synchronization
mark is detected. The full word is determined by counting the
number-of identified bits and comparing the count to a
predetermined number, which number comprises the total number of
bits in the position word, the synchronization mark, and any
additional symbol. If the count matches the predetermined
number, all of the bits of the word have been detected. 1If
buffer 131 is not all “1”s, the synch mark is not detected, or
not all the bits have been detected, “NO”, step 150 posts
“INVALID” for the next word.

The next test is to compare the next position word 144 from
buffer 130, in step 152, to the sequenced position word from
sequencer 138. Since the next position word is next in the
sequence, the words must match for the detected position word to

be valid. Alternatively, the previous position word may be saved



Simlarly, should the neasured timng interval "c" be less than that of
timng interval "d", transition stripe 86 has |likely been shifted away
fromtransition stripe 87, also representing a "0", etc. In step
115, each conparison by logic 112 determining that the timng intervals
represent a "0" increnents, in step 116 counter 106, and each conparison
determning that the timng intervals ?@present a "1" increnents, in step
117, counter 107. The conparisons of step 114 and determ nati ons nade
in step 115 nay be represented by the follow ng table:

| ncr enent | ncr enment Hol d ' ( "1" Count "0" Count
Bot h Count§nd the qupgrison w1l& Be to determpne if the positign-—wprds c, d
c >d c <d . ¢ =d . e, f e < f e > f

e = f vagy hy the S@nglq11ncrement1q? ampunt. Thus,gsggg1155 Thus, any
one of the conparisons increnmenting the respective counter may define

whet her thgetégﬁyqfsawhgthqﬁ therpreviqus position word and the nex

23 position word are in sequence. If not, “NO”, step 150 posts the

invalidity of the detected word.

In accordance with the present invention, the correct
calculated position word has been generated in step 139 by
sequencer 138. Thus, the system tolerates the invalid detection
of the word. 1In accordance with the present invention, a
predetermined threshold 160 is set to limit the number of invalid
words that are tolerated. The posting of invalidity, in step
150, is provided to a counter. In step 161, the count,
representing the number of consecutive invalid words, is compared
to the threshold 160. An example of the threshold is five
consecutive invalid words. Upon meeting the threshold, “YES”,
position word validity detector 145 provides an “ERROR” signal on
line 163 in step 164.

The “ERROR” signal is utilized by the robust decoder to
begin a new initial acquisition of the word.

If the position words are in sequence, “YES” in step 155,
step 170 posts the position word as “WALID”, and step 171 resets

the count of the counter of step 150 to zero. If not done in

step 140, sequencer 138, in step 172 provides the calculated



accordance with the present invention, no single conparison need be relied
on and not all of the conparisons are required. ' In step 113, if the
end of the frane has not been reached, the process cycles back to in step
111 to detect the next timng interval, and the count of the appropriate
counter continues to be increnented. 78 At the end of the frane, step
113 directs the process to step 120. I n accordance with the present
invention, in step 120, a criteria 122 is provided to conpare |ogic 123,
and both the count of "0" counter 106 and "1" counter 107 are conpared to
the criteria. The criteria is a predeterm ned count at which the decision
will be meResHsionovakdt Merowdpud 1t andicyrkeydpekt e SteRohPhéct i hthg

i nterval conparisons. As stated above a single _conparison, or criteria of
a count of ngevonday Pabidtient RE Bhe “VAﬁéﬁév%%gnﬁlflad%?%ﬁﬁﬁ then stripe is

m sdet ect ed,_ bat h counters may exhibit a count of one. At the other
extreme, aftlgHatsd L %%ﬂ&?ﬁs&ﬁs ﬁ%&ibe requi red to deternmine-the bit, in

t he instant

d f f
four romever - TRs" T REREE il B bR RS B s R e
made. {‘?%Ce%h 513&&%%&@%9& qehernh oed &f 'fB?rhﬁdétseo‘%re@f s&s&@é y set

at a level ority vote" between the counters
and the sequence of position words has been robustly provided

with tolerance for invalid position words.
FIGS. 10-13 illustrate .a detailed example of logic in

accordance with the present invention for robustly detecting the

data modulated into a timing based servo pattern.

Referring to FIG. 10, with reference to FIGS. 5A and 5B, a
bit detector is illustrated in accordance with the present
invention. The detected peak count is supplied from the servo
system at inppt 190 to compare logic 191. A control 194
activates the bit.detection at ANDs 195 and 196. Thus, at a peak
count of “1”, compare logic 191 proyides a signal to OR 198,
gated by AND 195 to select multiplexor 200. Multiplexor 200
loads the first detected timing interval, “a”, of the frame from
input 201 into register 202. At the next peak count of “27,
compare logic 191 providesa signal to OR 204, gated by AND 196
to select multiplexor 206. Multiplexor 206 thus locads the next
timing interval, “b”, of the frame from input 201 into register

208. Thus, registers 202 and 208 respectively provide the timing



24 ., determnes the bit. Acriteria less than a perfect four allows
detection to be nade in the presence of defects, and provides a robust
detection of each bit. In the instant exanple, a criteria of two allows
considerable toleration of a burst defect, and a criteria of three is |ess
likely to provide detection in the pr nce of a defect. For exanple, if
the encoded bit is a "0", it is unlikel'y that two of the four conparisons
would be a "1", and a failure to detect two of the peaks would stil
result in a detection of the bit. If the two m ssed peaks are in the sane
burst, the detection tolerates a defect which covers the entire burst.
Hence, wi tintermprédetaf mmedblr Lo exampack Rogid 286t At ciowmtter SA” (Y “®|fd "1")
equal 2, the detection fails, but if either is at I|east 2, and the other
is | ess thenich cohpafes ndre itgoquaputfsi.edIfisthevdlimdng intervihust impwtep 125,
conpare |logic 123 posts the "0" or the "1" bit representing the counter
meeting t h®prisdgresat@énethan that at input “B”, a ™0, compare logic 210
provides an output to AND 220, indicating that zero is to be
incremented. Conversely, if the timing interval at input “B” is
greater than that at input “A”, a “1”, compare logic 210 provides
an output to AND 222, indicating that one is to be incremented.

The compare logic 191 output to OR 224 additionally operates
register 223 which gates the ANDs 220 and 222 to provide the
comparison signal on output 227 or 225 to increment the
appropriate counter 230 or 231.

At each subsequent peak count within a burst, compare logic
191 continues to load the appropriate timing intervals into
registers 202 and 208 for comparison by compare logic 210, and
register 223 gates the resultant outputs for incrementing the
appropriate counter 230 or 231 for each selected comparison of
the frame. The fifth peak in each burst is identified at output
233 and employed to control the timing of the bit output and to
reset the peak count 190. Additionally, the fifth peak detection

is employed by the servo system together with gap detection and

the direction of the tape to provide frame detection 237.



criteria on line 126. In the exanple of FIG 8, the "1" bit may be an
active signal on line 126, while a "0" bit nay be an inactive signal. To
indicate that a "0" or a "1" bit is present, a "bit valid" signal is
posted on line 127 at the appropriate clock tinme. The process of FIG 6
then cycles back to step 100 to detectBéhe bit of the next frane. :
25 Referring to FIGS. 7 and 9,”{he nethod of robust detection of
t he encoded position word by a robust detector is discussed. The bit l|ine
126 and the "bit valid" line 127 of FIG 8 are coupled, respectively, to
buffers 130 and 131. Thus, buffer 130 wll shift in the detected bits
conpri sing the greimdl avesskioand37puideidetddt sdn fofs the §die behivken aburb'ts

signals. Avalid word will have all "1" in the buffer 131. The
robust detegtpmaAft rhendresent thyefld oetieteriiengsahd 4 trankielen by its
own state behavior. As di scussed above, each total word begins (in

one di rect honst Oh3oeagigai £ bgNER 140) hhe SRRASicketdiN@etientofbIRadi ng)
with a synchronization mark, and the total word is fixed in | ength, such

any timing interval signals from registers 202 or 208. Thus,l
only the timing intérvals between peaks within a burst are
compared, avoiding errors if a peak is missed by not comparing
erroneous timing intervals.

In accordance with the present invention, upon detection of
a frame at input 237, counters 230 and 231 are reset, and the
respective counter outputs are compared by compare logic 250 and
251 to the predetermined criteria provided at input 255. As
discussed above, the criteria is set to the desired value to
insure a robust detection of the bit. Thus, if the “1” count
from counter 230 meets or exceeds the criteria, compare logic 250
provides a signal at output 257, which represents a bit value of
“1”, and exclusive OR 258 provides a bit wvalid signal at output
260. If the “0” count from counter 231 meets or exceeds the
criteria, compare logic 251 provides a signal to exclusive OR 258
for output 260, which indicates that the absence of the “1” bit
on output 257 is correct, and that the bit is therefore a “0”.

The timing of the output bits is controlled by the 5th bit

count 233 ANDed 261 to the frame detection 237, and employed to

gate ANDs 262 and 263.



as 36 bits.
step 136, |

Thus, knowi ng the direction of reading, word detector 135,
dentifies the conpletion of the entry of the word in buffer

130. In accordance with the present invention, sequencer 138, in step

cal cul at es,
sequence.
i ncrenents

of buffer

whet her the detected position word is valid. A

fromthe previous position word, the next position word in
Thus, depending on the direction of the tape, the sequencer

in

139,
t he
138

or decrements the previous pddition word to the next position
word in the |linear seguence. In this nmanner, the next position wo
is knowmn and may be output at any time, such as in step 140. The content
26 130 is provided to
posi tion word déihest ofinladondanch didttedhs presensodnvedyialor @, relepstr ating it
fromthe synchronization mark. ~The content of buffer 131 is provided
to positi ond§kAFiopalrdrade ¢dt eatbroifanf (he ctPt@dnPPFdes 1 ogic to detect

irst test is. to sense,

) ) f. ;
step 146, whet héhet RAtiotef ReohittrtsLArEr YAsS d0vEFFd 11 -cofBERED by
sensi ng whet her the content of buffer 131 is all "1"s, and whether the
full word HeRtHEMPMECRPT e PAGHIFSD @ PYLLE register 267, and the bit

valid output 260 is provided to shift register 270. The shift
registers shift one bit upon receipt of the frame detection
signal at input 237. (Direction logic and validity check logic
are not shown, but are understood by those of skill in the art.)
Thus, each valid bit for the word is loaded into shift register
270 and each bit of the total word is loaded into shift register
267. The ordering of the bits of the word is controlled by a
multiplexor 272 in response to the direction input 273. The bits
representing the synchronization character part of the word are
provided to compare logic 275 for comparison to the
synchronization character. Detection of the synchronization
character indicates that the entire word has been loaded into the
shift register 267, and compare logic 275 provides a
synchronization detect signal at output 276. The position word
portion of the total word is provided at output 277.

Two determinations of validity of the position word are then
made. The valid bits of register 270 are provided to compare
logic 280 to be compared to a string of all “1”s, and if all the

bits are valid, or “1“, compare logic provides a signal to AND

rd

in



synch mark detector 147 determ nes whether the synchronization mark is
detected. The full word.is determ ned by counting the nunber of identified
bits and conparing the count to a predeterm ned nunber, which nunber
conprises the total nunmber of bits in the position word, the

synchroni zati on mark, and any additional synbol. If the count matches the
predeterm ned nunber, all of the bits ¥ the word have been detected. |f
buffer 131 is not all "1"s, the synch mark is not detected, or not all the

bits have been detected, "NO', step 150 posts "INVALID' for the next word.
The next test is to conpare the next position word 144 from buffer 130, in

step 152, Bt h’RGGBRCRYFSFTEON 8h Ws FYPFBRYMZEGEERCER2 LSS S| nce t he
next position word is next in the sequence, the words nust match for the
det ect ed p6STRI%H WWiE 260 TEedathe. AN 2EAnalbFMeIdFndt fee pradvPdb¥ position
word may be saved X , , 27  and the
conpar i sondgfFernbwtieondee ¥R #83i-f Tie q¥bsrt ot ierasioy 4ty vByidhey disngl e
conp ; . .
i ncrenenting anount. Thus, step 155 determ nes whet her the previous
posi tion wirde g avataex377, which counts the number of frames detected

at input 237. When the last frame of the word is received,

compare logic 286 resets the counter 285 to zero. The resetting

of the counter 285 causes compare logic 288 to send a signal to

AND 283. If both the synchronization character detection 275 and

the completed shift count 288 occur simultaneously, the word is a

valid word (even if the bits forming the position word are

incorrect), and a shift complete signal is provided at output

290.

The shift complete output 290 and the synchronization

detection output 276 are provided to FIG. 12. If both are

present, AND 291 resets counter 292. If either or both are not

present, and one or both is missing, NAND 293 increments the

counter 292, indicating that the contents of the buffer was not

valid. The counter may be operated by the servo system to

increment at the correct time, and a reset may be supplied at
input 294. Compare logic 295 compares the count of counter 292
to a predetermined threshold 296 which is the number of

consecutive times that an invalid word is tolerated. Upon the



position word are in sequence. If not, "NO', step 150 posts the invalidity
of the detected word. In accordance with the present invention, the
correct calculated position word has been generated in step 139 by
sequencer 138. Thus, the systemtolerates the invalid detection of the
word. I n accordance with the present invention, a predeterm ned threshold
160 is set to limt the nunber of inval33d words that are tolerated. The
posting of invalidity, in step 150, is provided to a counter. In step 161,
the count, representing the nunber of consecutive invalid words, is
conpared to the threshold 160. An exanple of the threshold is five
consecut i veoUymry glaudlivey dde tpoeshmlali agsigralt Asestt dn oyt 29josi ti on
word validity detector 145 provides an "ERROR' signal on line 163 in step

164. ifHeatERROR Pyl fgrakrier ut iThiizesidnalt hay redipgtisgegddirato begin a
new initial acquisition of the word. If the position words are in
sequence, PWIERC g diapusiss abayerithorpertEt ttﬁeFHgsi%—i on word as "VALID',

and step 171 resets the count of the counter of step 150 to zero. If not
done in step Ih@, dsbemieatt @osiBBon jwerdt 8p7 A2 pppvideiedot Kegtateul38ed

and to compare logic 301 in FIG. 13. 1In accordance with the
present invention, the previous position word is incremented by
incrementor 305 in response to a shift coﬁplete signal 290, and
the position word is provided at output 306. Compare logic 301
compares the incremented previous position word from incrementor
305 to the position word appearing at-input 277, and provides an
output if they are equal. If they are equal, the seguence is
valid. If they are not equal at the time the shift is complete,
AND 310 provides a signal at output 311 indicating that the
sequence is not valid. This signal also increments invalid
sequence counter 308. Both the buffer invalid signal at output
297 and the sequence invalid signal at output 311 are provided to
OR 313. If neither signal is present, the detected position word
in register 300 is correct, and the detected position word is
gated to incrementor 305.

In accordance with the present invention, counter 308 counts
the number of detected position words that are not in sequence,

and compare logic 320 compares the count to a predetermined



28 position word at output 174, and cycles back to step 136 for the

new word. Activation of the "VALID' signal indicates the calculated LPCS
word is valid. Hence, in accordance with the present invention, each
bit has been robustly detected with tol erance for undetected peaks, and
t he’ sequence of position words has been3&obustly provided wth tolerance

for invalid position words. FIGS. 10-13 illustrate a detail ed exanpl e
of logic in accordance with the present invention for robustly detecting
the data nodulated into a timng based servo pattern. Referring to

FIG 10, with reference to FIGS. 5A and 5B, a bit detector is illustrated
in accor dafCEUGRER HHEespredeil- | HueRtTStinghehediwalsd $RAMEPEEuUnt | s
supplied fromthe servo systemat input 190 to conpare logic 191. A
control 194hrgehpidt @8 ERECHIXS depEed | Tn CHFPANDE?2195 and 196. Thus, at a
peak count of "1", conpare |ogic_ 191 provides a signal to OR 198, gated
by AND 195 to s&P etoviget ﬁwwaéoaobwnﬁsme%m 6d PRANCcehBUEPYSt

det ect ed tlnlng interval, "a", e frame from input 201 intQ register

202. At thé%fext pERRLIEGURP %ﬂcre?ent %ﬂﬁﬁ&Fe Pogitter§1tht SAYMEs S signal to

OR 204, gated by AND 196 to select nultiplexor 206. Muiltiplexor 206 thus
| oads t he re¥pared to a sequence OK threshold 326 by compare logic 327.

Upon having the thresholded number of valid sequences, output 328
indicates the sequence is OK and resets invalid sequence counter
308.

Thus, in accordance with the present invention, the
incremented {or decremented} position words are continually
provided at output 306 to provide a robust detection, and an
error is posted only when a sequence error thresholid 321, or when
a buffer error threshold 296 is met.

While the preferred embodiments of the present invention
have been illustrated in detail, it should be apparent that
modifications and adaptations to those embodiments may occur to
one skilled in the art without departing from the scope of the

present invention as set forth in the following claims.



timng interval, "b", of the frame frominput 201 into register 208.
Thus, registers 202 and 208 respectively provide the*h—m—ng\

29 intervals "a" and "b" to conpare logic 210 at "B,
whi ch conmpares the two inputs. If the tinng interval @‘"@ a'ﬂ tL
greater than that at input "B", a "0", ggrrpare | ogi c

output to AND 220, indicating that zero”is to be increnented. Conver sel Y,
if the timng interval at input "B" is greater than that at input "A", a
"1", conpa™® |Ggiim:210 provides an output to AND 222, indicating that one
IS to be increnented. The conpare logic 191 output to OR 224

additionaliy opetabasfof eitslelioR¥ \Waiks mgaiiesetihenNBES t220ngnsh 22 to
provi de the conparison signal on output 227 or 225 to increnent the

appropri at gec@nifatte230p 0 re2dtded on a AbdeacChasubseauenbapeaksesunt within
a burst, conpare logic 191 continues to |oad the appropriate timng
i nterval s patter égivsberfraa@? afdr&8 tkdrpainpalti som-garadarpare | ogi ¢ 210,
and register 223 gates the resultant outputs for incrementing the
appropri at erawtitien 280irys 23tahged dachwsebwrited coapdr iesch of said
pairs in one of said bursts, said bursts separated by servo gaps,
ones of said frames having said modulated data comprising shifts
of at least one of said pairs of transition stripes in the
longitudinal direction of said media relative to the other of
said pairs of transitions stripes, said shifts of ones of said
pailrs in first directions representing & binary “07, and said
shifts of ones of said pairs in second directions, opposite to
said first directions, representing a binary “1”, said method in
a servo system which senses said transition stripes in said
longitudinal direction of said media during relative motion with
respect to salid media, and detects the timing intervals between.
sequential said transition stripes within said bursts in said
ones of said frames, comprising the steps of:
comparing selected ones of sald detected timing intervals to
other selected cones of said detected timing intervals;
determining whether said compared selected timing intervals
identify a shift of said detected transition stripes representing
a “0”, or a “1”;
incrementing the number of said compared selected timing

intervals representing a “0” in each said detected frame,



the frame. The fifth peak in each burst is identified at output 233 and
enployed to control the timng of the bit output anMeak
count 190. Additionally, the fifth peak detecti on— e servo
systemtoget her with gap detection and the di rectl T\“ﬁ\“m

provi de frame detection 237.

Franme detection 237, and detection of t He gap bet vveerr bﬁrsts of a half
frame 238 or the gap between the 5 and 4 transition bursts 239, supplied
by OR 240, are supplied to NOR 241 to block any timng interval signals
fromregisters 202 or 208. Thus, only the timng intervals between peaks
within a burestetéirng swirpdnedenanvtziddnngber rtor gerd at pésk begimssrd by not
conparing erroneous timng intervals. In accordance with the present
i nvention, |#5dnsdédedaticsvedf frapdirane at i nput 237, counters 230 and 231
are reset, and the respective counter outputs are con‘gared are

| ogi ¢ 250 and QBTr?’be”ttHé‘gpFE‘ae‘t‘é‘}bﬁ'lrn%H i EPPRABTOVICdEGTEE ‘rﬂhﬂ 255. As

di scussed ab%er’vaﬁ.gerg}{rlés%% Ja.'ngll Sa s‘%t' &1(1) éah ggiar&g‘_ec%l geframe,

resetting said incremented number to zero at the beginning of
each said detected frame;

at the end of each said detected frame, comparing said
incremented numbers representing a “0” and rebresenting a “1” to
a predetermined criteria, determining which of said incremented
numbers meets said criteria; and

responding to said determined one of said “0” or “1”
incremented numbers meeting said criteria, identifying the
corresponding “0” or “1” as the bit value for said detected

frame.

2. The method of Claim 1, wherein said predetermined criteria
comprises a number representing more than one-half of said timing

interval comparisons.

3. The method of Claim 2, additionally comprising the step of
counting said transition stripes in each said burst of each said
detected frame, comparing said count to a predicted number of
said transition stripes, and, upon said count and said predicted

number being unequal, ignoring, in said incremented number



insure a robust detection of the bit. Thus, if the “1" count

frontcounter

out put 257, which represents a bit value of "1",

230' neets or exceeds the criteria, conpare |l ogic ZSqB’ﬁr ovi des a si gna

provides a bit valid signal at output 260. |If the

Y T

231 nmeets or exceeds the criteria, ﬂpare | ogi ¢ 251 provrdes % Signal to

exclusive OR 258 for output 260, whic

i ndicates that the absence of the

"1" bit on output 257 is correct, and that the bit is therefore a "0".

The timng of the output bits is controlled by the 5th bit

count 233 ANDed

261 to the frane detection 237, and enployed to gate ANDs 262 and 263.

31 COmRAL ingn sEeR oS ANGFementies pHBReFf dfnvaikd i imnsitiepust

det ection |s made of each bit of the total word. The bits are
accumul at edHF RSO WREFPE¥R 1 foprGseid PRt -bit  data output 257 is provided to
shift register 267, and the bit valid output 260 is provided to shift

regi ster 270. The shift registers shift one bit upon receipt'of the frame

detection i ongl, gLl 0puls 23 Lin(P r88LLN Loal 6300 Yalid ¢

t.gheck | 0oic

repeated pairs of transitions having said modulated data, each

comprises 5 pairs of sald transition stripes in said two bursts,

the second and fourth of which comprise said shifted pairs; and

wherein said comparing step selected ones of said timing

intervals comprise comparing (1) in the first said burst, the

interval between the first and second said transition stripes to

the interval between the second and third said transition

stripes, (2) in the first said burst, the interval between the

third and fourth said transition stripes to the interval between

the fourth and fifth said transition stripes, (3) in the second

said bursﬁ, the interval between the first and second said

transition stripes to the interval between the second and third

said transition stripes, and (4) in the second said burst, the

interval between the third and fourth said transition stripes to

the interval between the fourth and fifth said transition

stripes.

5. The method of Claim 2, wherein said modulated data comprises

linear position registration information in the form of a linear



are not shown, but are upderstood by those of skill in the art.) Thus;
each valtd bit for the word is |oaded into shift regi ster/y—efmgwbit
of the total word is |oaded into shift register 267.—The r ‘\\Q&\‘ime
bits of the word is controlled by a nultiplexor 272 m\“ﬁim St ne
direction input 273. The bits represeqfing the synchroh® l'on char act er
part of the word are provided to conpare logic 275 for conparison to the
synchroni zation character. Detection of the synchronization character
indicates that the entire word has been | oaded into the shift register
267, and conpare | ogic 275 provides a synchronization detect signal at
out put 276&eqlizacpost tpari tdehdwopdy t isaddofie thvel hatiatiowaldy soppoldided at
out put 277. Two determ nations of validity of the position word are
t hen nadetheTlsgéepal o8: bits of register 270 are provided to conpare logic
280 to be conpared to a string of all "1"s, and if all the bits are valid,
or "1", conpar 6tpsgng ?ﬁ@/iséég Heytgfapdtitanplue for each said
32 281. Upon the detection of the synchronization character, conpare
| ogi ¢ 275 fftessefnbranD a1 sapf RRitdgRorierdal i dity
determining whether said stored position word of said
storing step is wvalid;
responding to a valid determination in said valid
determination step, identifying said stored position word as

“yalid”.

6. The method of Claim 5, wherein said valid determination step
comprises determining whether each bit of said stored position

word of said storing step is valid.

7. The method of Claim 6:

additionally comprising the step of determining whether said
stored position word and an immediately preceding position word
are sequential in said linear sequence; and

wherein said valid determinatign step additionally comprises
responding to said linear sequence sequential determination,

identifying said position word as “walid”.



determ nation to AND 283.. The other determ nation of vaI

nmade
counter 277, which counts t he 'nunber of franes detected @ mg“ en
(3]

the last frame of the word is received, conpare |ogic

counter 285 to zero. The resetting of the counter 285 S moﬁbare Ioglc
288 to send a signal to AND 283. |If bogyp the synchronization character
detection 275 and the conpleted shift count 288 occur sinultaneously, the
word is a valid word (even if the bits formng the position word are
incorrect), and a shift conplete signal is provided at output 290.

The shift conplete output 290 and the synchroni zation detection output 276

are provided tankl etddd Jff chaih Br @ddREes Ly AB@ﬁgﬁéllrfge%ﬁESsﬁé{SH\ton 292.
If either or both are not present, and one or is mssing, NAND 293

increments the cateudiein®XRe hegt Gaiguagtifntpddieiepniet $reh theqg buffer was
not valid. The counter may be operated by the servo systemto increnent

at the corimgidipitedy prebealingskinary woedsuppld;edaadl i nput 294. Conpare
| ogi c 295 conpares the count of counter 292 to a predeterm ned threshold
296 which is tBPsonudbey wfid cahswaiteidveekt nesyuehsiahrpdsivabndwowsd it &

tol erated. Upon the
binary word output.

9. The method of Claim 8, additionally comprising the step of:
responding to said valid determining step determining said
stored position word is “invalid”, or said sequehtial
determination step determining said stored position word is not
sequential in said linear sequence, and identifying.said stored

position word as “invalid”.

10. The method of Claim 9, additionally comprising the steps of:

responding to said “invalid” identifying step identifying
said stored position word as “invalid”, determining the number of
said “invalid” stored position word since a last said “valigd”
stored position word;

comparing said number of said “invalid” stored position
words to a predetermined threshold; and

upon said number of said “invalid” stored position words

exceeding said threshold, providing an “error” signal.



33 . count equaling the threshold, a signal is sent on output 297
indicatihg a buffer error. This signal may conprise an_e as
di scussed above with respect to FIG 9. The det ect Tetormor) M\
277 is-provided to register 300 and to conpare |ogic 3{&“\@“\“‘“}“
accordance with the present invention, jhe previous pos word i § °
incremented by incrementor 305 in respé se to a shift conplete signal 290,
and the position word is provided at output 306. Conpare |ogic 301
conpares the increnmented previous position word fromincrenentor 305 to
the position word appearing at input 277, and provides an output if they
are equal . t ual , e I S, 5 o I8 t are not equal
at the ti malléhe sel?({e%}ngac%%npﬁltg?g 8 A%% 3%8 %?%)C%I/?%eoglggsl? ggn]a(a%%61 at out put 311
i ndi cating e IS ; 0ot s Thi ign | hRGr ement s
invalid seggg%%iei%gu%tgg? 5[’?:e(c)(g“én%cl)tgfii) g%%ﬂbl&pf "é?h?ns\slda i ghgiﬁgna alg out put
297 and t hecsgrense iayMal f@iry) GRak BdsidbBUlodd buaatpaoviadqro OR 313.
If neither signal is present, the detected position word in register 300
is correct, and the detected position word is gated to increnentor 305.
In accordance with the present invention, counter 308 counts the nunber of
det ect ed poseti drhevueddotihat Glradmnbi whersdgueacte,saiagngosdiniar eokdgi ¢ 320
conpares the count to a predeterm ned

comprises a predetermined number of said bits and a

synchronization mark, and wherein said word validity determining
step comprises counting the number of said identified bits to
said predetermined number, and, upon said comparison indicating
sald numbers match, determining said stored position word is

valid.



34 sequence threshold 321. Upon neeting the invalid sequence

r obust nes
325, wher

threshold, an error is posted at output 322. To f addi_t\\ﬂ

s, the valid sequence output 301 is supplied t ok
e the count is conpared to a sequence K th Nﬂﬁ-
uencés,

al
unt er

npar e

| ogi c 327. Upon having the threshol deg nunber of valild} out put

328 indicates the sequence is OK and fesets invalid sequence counter

Thus, in

decrenented) position words are continually provided at output 306 to

accordance with the present invention, the increnented (or

308.

provide a robust detection, and an error is posted only when a sequence
error thrgshold $2dicOf WAENe @ RURLCE. & oL I REESNOld 29648, IThL . ca

While the prefeerte

illustrat

adaptatio
w t hout d

I men 0] e present | nventil on beén

d.in detail, it shou he apparent _that. . nodi{fi ions and
%§r¥8 ?%%?%"%ﬁ%gﬁ?%%ﬁ%% ﬁgyadg%&F’tgal%ﬁgﬂg%ﬁl%%%glﬁ;rh@ art

SRALLFAGISND ERENSE WE Qe bPEa JU10SCDE AJNPALLPT.AS Set forth in

the foll ow ng clal ns.

transition stripes arranged in two bursts, one of each of said
pairs in one of said bursts, said bursts separated by servo gaps,
ones of said frames having said modulated data comprising shifts
of at least one of said pairs of transition stripes in the
longitudinal direction of said media relative to the other of
said pairs of transitions stripes, said shifts of ones of said
pairs in first directions representing a binary “07, and said
shifts of ones of said pairs in second directions, opposite to
said first directions, representing a binary “1”, in a servo
system having a sensor which senses said transition stripes in
said longitudinal direction of said media during relative motion
with respect to said media, and having an interval detector
coupled to said sensor detecting the timing interval between
sequential said transition stripes within said bursts in said
ones of said frames, said detector comprising:

interval comparison logic coupled to said interval detector
comparing selected ones of said detected timing intervals to
other selected ones of said detected timing intervals and
providing signals indicating whether said compared selected
timing intervals identify a shift of said transition stripes

representing a “0, or a “1”;.



35 , W claim 1. Method for detectkon *of data nodulated into a timng
based ‘servo pattern prerecorded on a nedia, said tinipgﬂ?gggg,sepvafff”
pattern having franes of repeated pairs of non-paralle ransitd '“es
arranged in two bursts, one of each of said pairs in onﬁ‘m mmm“\
said bursts separated by servo gaps, %aes of said frane al ¢ -
modul ated data conprising shifts of at™“l east one of said’pairs of
transition stripes in the longitudinal direction of said nmedia relative to

the other of said pairs of transitions stripes, said shifts of ones of
said pairs in first directions representing a binary "0", and said shifts

: rs in first d epresent i ng a bi and sai
i roctions, reprbedhitna Siinge YbhgE L3R EREYeF, o BB a LhE e wni cn

senses sai dyfd ansidohQRvetEd ReShl Ba S & grh@NghdLditnaly daiecion@ared said
media during relative notion wwth respect to said nedia, and detects the

timng intesypdscReituReny SAGYEAYEatem@isdntiafsd tioon shétaRMtdhhtre sai d
bursts in said ones of said frames, conprising the steps of:
conparing sehmisdredrosesd ddorgairdddeé bedted timimng linteevyds srdpresenting a
“0“ in each said detected frame, resetting said incremented
nunber to zeéro at the beginning of each said detected frame;

a second counter coupled to said interval comparison logic
and responsive to each said signal indicating said compared
selected timing intervals representing a “1”, incrementing the
number of said compared selected timing intervals representing a
“1” in each said detected frame, resetting said incremented
number to zero at the beginning of each said detected frame; and

bit comparison logic coupled to said first and second
counters, comparing, at the end of each said detected frame, said
incremented numbers representing a “0” and representing a “1” to
a predetermined criteria, determining which of said incremented
nunbers meets said criteria, and, upon one of said “0” or “L”
incremented numbers meeting said criteria, providing an output
signal identifying the corresponding “0” or “1” as the bit wvalue

for said detected frame.

14. The detector of Claim 13, wherein said predetermined

criteria comprises a number representing more than one-half of

said timing interval comparisons.



ot her .segl ected ones of sajd detected ti.mng interyals;_ deternining
whet her said conpared selected tinming intervals identif

f—said
detected transition stripes representing a "0", or a "1"; - | “m“““
i ncrementing the nunber of said conpared selected timng \‘“W“m“\“ !
representing a "0" in each said detecteq3frane, S ¢ L M S

36 resetting said increnented nunberto zero at the beginning of each
said detected frane; i ncrementing the nunber of said conpared

selected timng intervals representing a "1" in each said detected frane,
resetting said increnmented nunber to zero at the beginning of each said

detected frEfe; The detéitdrhereithof 183Cha8A ibndel §Ct ik a CHMYE! NG
said increnmented nunbers representing a "0" and representing a "1" to a

predet er m nedinteirt esupledl@besaidiStgiseh| Clo@itisg daidaiamentesh RS

neets said criteria; and responding to said determ ned one of said

"0" or "1" in each said burst of each said detected frame, comparing said
count to a predicted number of said transition stripes, and, upon
said count and said predicted number being unequal, operating

1
said bit comparison logic to ignore said incremented numbers of

said transition stripe intervals for said burst.

16. The detector of Claim 14, wherein said ones of said frames

of repeated pairs of transitions having said modulated data, each
comprises 5 pairs of said transition stripes in said two bursts,
the second and fourth of which comprise said shifted pairs; and
wherein said interval comparison logic compares said selected
timing intervals comprising (1) in the first said bursp, the
interval between the first and second said transitién stripes to
the interval between the second and third said transition
stripes, (2) in the first said burst, the interval between the
third and fourth said transition stripes to the interval between
the fourth and fifth said transition stripes, (3) in the second
said burst, the interval between the first and second said
transition stripes to the interval between the second and third
said transition stripes, and (4) in the second said burst, the

interval between the third and fourth said transition stripes to



|ncrenented nunbers meeting said criteria; identifying the corresponding

"0" or Mg"

The net hod

as the bit value for said detected frame. 2 TFhenethod

Claim 1, wherein said predetermned criteria conprises ““
representing nore than one-half of -said timng interval m ‘w\m‘“ 3.

transition
conpari ng
and, upon
said incre
conpari ng
i nterval s
of said fr
data, each

of Claim2, additionally co ising the step

stripes in each said burst of" each said detected franme,

said count to a predicted nunber of said transition stripes,
said count and said predicted nunber being unequal, ignoring,
ment ed nunber 37

Eﬁépmt%?:'v‘él' Bgﬁﬁé@{“‘t%@ @Hunpﬁ{ $nQf f:?@&rfi shhanNetddQRioft i pe

for said burst he met hod of Claim2, wherein said ones

8BSy &S . repeated parrs of transitions havrng sai d nodul at ed

17. The detector of Claim 14, wherein said modulated data
comprises linear position registration information in the form of
a linear sequence of position words, said detector additionally
comprising:

a buffer coupled to said bit comparison logic, storing each
said identified bit value for each said detected frame for said
position word; and

a word validity detector determining whether said position
word stored in said buffer is valid, and, upon each said bit
being determined as valid, providing a signal identifying said

position word as “walid”.

18. The detector of Claim 17, wherein said word validity

detector determines whether each bit of said position word stored

in said buffer is wvalid.

19. The detector of Claim 18, additionally comprising sequence
logic for calculating the next sequential position word from an
immediately preceding position word and determining whether said
stored position word is sequential in said linear sequence, and

wherein said word validity detector is additionally coupled to

eng sdid

in



conpri.sgs 5 pairs of said transition stripes in said two bursts, the
secohd and fourth of which conprise said shifted pairrs—anmd—wherein said
conparing step selected ones of said timng interval i ng
(1) in the first said burst, the interval between thgmmmnnnuﬂmm
said transition stripes to the interval.between the second and thirtl said
transition stripes, (2) in the first sé?d burst, the interval between the
third and fourth said transition stripes to the interval between the
fourth and fifth said transition stripes, (3) in the second said burst,
the interval between the first and second said transition stripes to the
i nterval hafiveesqhétcsarenid, amd t hippd ssad dtoradspésianiost wopeseeiamd (4) in
t he second said burst, the interval between the third and fourth said
transiti orsestuenpéslt ravieingt ®raiginabeideerl fyhogf surd Istanddfpdtiticai d

transition stripes. 5. The nethod of C aim 2, wherein said nodul at ed
dat a conpry¥esas| 'viebikd'posi tion regi stration |nformat|on inthe formof a
| i near 38

20. The detector of Claim 19, wherein said sequence logic
additionally provides said calculated next sequential position

word at a position word output.

21. The detector of Claim 20, wherein said word validity
detector, upon determining that said stored position word is
invalid, providing a signal identifying said stored position word

as “invalid”.

22, The detector of Claim 21, wherein said word validity
detector additionally determines the number of said “invalid”
stored position words since a last said “wvalid” stored position
word, and compares said number of said “invalid” stored position
words to a predetermined threshold, and upon said number of said
“invalid” stored position words exceeding said threshold,

provides an “error” signal.

23. The detector of Claim 20, wherein said sequence logic

additionally provides a signal identifying said calculated next

sequential position word at said position word output as “valid”.



sequence of position words, said nethod additional .y _conprisi-rg—the—st eps

of: #7 " %storing each said identified bit value for T T t ed
frame for said position word; det erm ni ng whet d@gﬂﬂﬂﬁ!ﬁ“mﬂn
positi'on word of said storing step is valid, ontG axvalid
determnation in said valid determ natign step, identifying said stored
position word as "valid". 6. The thod of Caimb5, wherein said
valid determ nation step conprises determ ning whether each bit of said
stored position word of said storing step is valid. 7. The net hod of
Cl aim 6: additionally conprising the step of determ ni ng whet her said
stored posizi.onTMerdktardoanc f Mmdmat e ywhyredadefigh paddt posi tiend woade
sequential in said |linear sequence; and wherein said valid

det er mi nat icopst €9s addirebonathiheeonphbseof saspantisngntioasai d |i near
sequence sequential determination, identifying said position word as
"valid". synchronization mark, and wherein said word validity detector

additionally counts the number of said identified bits to said
predetermined number, and, upon said comparison indicating said
numbers match, providing a signal identifying said stored

osition word as “valid”.
P



39 » % 8. The met hod of, Caim 7, addL}ionaIIy conprising the steps of:
cal cul®ati*ng the next sequential position word fromsaid inmediately

precedi ng binary word val ue; and “providing said cal cul ated next
sequential position word at a binary word out put. 9. The net hod of
Claim8, additionally conprising the step of: responding to said

valid determning step determning said 4g¢tored position word is "invalid",
or said sequential determ nation step determ ning said stored position
word is not sequential in said |linear sequence, and identifying said

stored posLtion. vk @ld s o ; Iﬂg% ~§od, f gé j éb -
addi ti onal | t}b?mwﬁgﬁﬁ%%fép@%f\MO&L’\ ﬁ?ﬁ i““héﬂ\lg\ HAPED SERMQy-
identifying step identifying said stored position word as "invalid",
determ ning the nunber of said "i nvaABYTRAEEr ed position word since a | ast
said "valid" stored position word; conparing said nunber of said
"invalid" stlwrets gisdosed armethwd fis detectingplatedmodirlatehingo & Kimaighldseld seamel pattern
upon sai d nunber of said "invalid" stored position words
prerecorded on a media, comprising shifts of pairs of non-parallel transition stripes
arranged in a frame of two bursts. Timing intervals between sequential transition stripes
are detected(111). Interval comparison logic compares (114) selected timing intervals and
indicates (115) whether the compared intervals represent a “0”, or a “1”. First and second
counters (106, 107) respectively increment (116, 117) the number of the compared
intervals representing a “0” and a “1” in each frame. Bit comparison logic compares (120)
for each frame, the incremented numbers to a predetermined criteria and, upon one of the
numbers meeting the criteria, identifies the corresponding “0” or 17as the bit value for the
frame. Sequence logic calculates the next word and determines whether the detected word

is in the linear sequence as a validity check, and provides the calculated word as the output.

Thus, the correct position word is provided.

FIG 6



exceeding said threshold, providing an "error" signal.

40 5 --11. The nmethod of Claim8, wherein said providing said calculated
néxt sequential position word step additionally conprises identifying said
position word output as "valid". 12. The method of Caimb5, wherein each

sai-d position word conprises a predeterm ned nunber of said bits and a
synchroni zati on mark, and wherein said word validity determning step
conprises counting the nunber of said iggntified bits to said

pr edet er mi ned nunber, and, upon said conparison indicating said nunbers
mat ch, determning said stored positifgn word is valid.

41
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13. A detector for detecting data nodulated into a timng based servo
patt.ern prerecorded on a nedia, said timng based servo pattern having
frames of repeated pairs of non-parallel transition stripes arranged in
two bursts, one of each of said pairs in one of said bursts, said bursts
separated by servo gaps, ones of said frames having said nodul ated data
conprising shifts of at |east one of said pairs of transition stripes in
the longitudinal direction of said nepf8a relative to the other of said
pairs of transitions stripes, said shifts of ones of said pairs in first
directions representing a binary "0", and said shifts of ones of said
pairs in second directions, opp } di rections,
representing a binary "1", in alservo siRttem havi ng~d2sensor whi ch senses
said transition stripes in saif Fongrtudimat—dirTectyi on of said nedia
during relative notion wth >peg§$}g sai d DM a, |and. having an interval
s S

detector coupled to said sehsOy - tOMANNEL i G *ht er val bet ween
sequential said transition stri in saSﬂﬂﬁbrsts ing@iféi ongs of said
frames, said detector conprising A eHpar i 0gi ¢/ coupl ed
to said interval detector ‘ g of said detected timng
intervals to other sel ected-onds g b i-m-ng i nterval s and
provi ding signals indicati aredqulecﬂed timng
intervals identify a shigM| ofyefihgk t [amsTTTOT St r hap@per r gP+B8enting a " 0",
or a "1";
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42 ' a first counter coupled to said interval conparison logic and
responsive to each said signal indicating said conpared selected timng
intervals representing a "0", increnmenting the nunber of said conpared
selected timng intervals representing a "0" in each said detected frane,
resetting said increnmented nunber to zero at the beginning of each said

det ected frarme; a second counter coupled to said interval conparison
|l ogic and responsive to each said sigmag indicating said conpared
selected timng intervals representing a "1", increnmenting the nunber of

said conpared selected timng intervals representing a "1" in each said
detected franme, resetting said increnented nunber to zero at the beginning
of each said detected frane; and bit conparison |ogic coupled to said
first and second counters, conparing, at the end of each said detected
frame, said increnmented nunbers representing a "0" and representing a "1"
to a predetermned criteria, determni i id | ncrenmented

nunbers neets said criteria,1%EF, upon yne of said "0" of "1"

NEW FRAME

!

102~ RESET “0" AND
“1" COUNTERS

'~

9

IS perect INTERVAL

}

114~ COMPARE SELECTED
INTERVALS

Y Y

INCREMENT INCREMENT
11671 0" count | 119 11771 Count

I

COMPARE *“0" COUNT
PREDETERMINED CRITERIA

!

POST BIT OF COUNT
T0 BUFFER

I
FIG. 6




i mcrenment ed nunbers neetsing said criteria, providing an output signal
identifying the corresponding "0" or "1" as the bit value for said

det ected frame. 14. The detector of Caim 13, wherein said predeterm ned
criteria conprises a nunber representing nore than one-half of said timng
i nterval conparisons. 15." The. detector of C aim 14,
additionally conprising a stripe counter coupled to said sensor, counting
said transition stripes in each said bggst of each said detected frane,
conparing said count to a predicted nunber of said transition stripes,

and, upon said count and said predicted nunber being unequal, operating
said bit conparison logic to ignore said increnmented nunbers of said
transition stripe intervals for said burst. 16. The detector of Cdaim
14, wherein said ones of said franes of repeated pairs of transitions
havi ng sai d nodul ated data, each conprises 5 pairs of said transition

stripes in said two burgts; &
198" new worn )
¥
139 CALCULATE NEXT
N POSITION WORD .
IN SEQUENCE ____l____\
" OUTPUT CALCULATED \_~140
146 ' _POSITION WORD__,
NEXT WORD NO
FROM BUFFER
VALID?
COMPARE BUFFER
152~] POSITION WORD
T0 CALCULATED
POSITION WORD
(N NO
SEQUENCE >
?
155 YES
POST “VALID" FOR POST “INVALID"
17071 NEXT WORD FOR NEXT WORD [™150
'
RESET “NUMBER
1717 INVALID™ TO “0"
“NUMBER
NO INVALID" =
THRESHOLD?
! es 161
172 POSITION WORD ) (LPOST “ERROR™ N 464
|

FIG. 7



t.he second and fourth of which conprise said shifted pairs; and wherein
said interval conparison |ogic conpares said selected timng intervals
conprising (1) in the first said burst, the interval between the first and
second sai-d transition stripes to the interval between the second and
third-said transition stripes, (2) in the first said burst, the interval
between the third and fourth said transition stripes to the interval
between the fourth and fifth said traw8ition stripes, (3) in the second
said burst, the interval between the first and second said transition
stripes to the interval between the second and third said transition
stripes, and (4) in the second said burst, the interval between the third
and fourth saLﬁntransition stripes to

44 t he intexrval between the fourth and fifth said trang?2ion stripes.
17. The det getot—eH C ai m 14, wher € Y@ai d dul ated data Conprises |inear
position regiéﬁNﬂiibn I nformati on ?ﬂ the formof a 'ir?ﬁﬁ ﬁﬁﬂ ence of

posi tion wor|/®EIECGORH detector additionally Te
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conpri si ng: a buff.er coupled to:sai'd bit conparison logic, storing
each said identified bit value for each said detected frame for said
position word; and a word validity detector determ ning whether said
posi tion word stored in said buffer is valid, and, upon each said bit

bei ng detern1ned as valid, providing a signal identifying said position

word as "valid" 18. The det ect or aim17, wherein said word
validity det ector deternines whet her éy h bit of said position word stored
in said buffer is valid. 19. The detector of claim 18, additionally
conpri sing sequence__logic for calculating the next sequentlal position
word froman inme rely QSscedlng position word and

said stored posit word 854 sequential in said |i ea

INCFORORE

Jdet er parQi ng whet her
sequence, and
wherein said wo dit gqtor is addltlonally Bd ? o
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sai d sequence | ogic, and, upon said siored position word being sequential,
providing a signal identifying said.stored position word as "val.id".

20. The detector of Claim 19, wherein said sequence logic additionally
provi des .sai d cal cul ated next sequential position word at a position word
out put . 21. The detector of Caim 20, wherein said word validity
detector, upon determning that said stored position word is invalid,
providing a signal identifying said st of'&d position word as "invalid".

22. The detector of Claim 21, wherein said word validity detector
additionally determ nes the nunber of said "invalid" stored position words
since a last said "valid" stored position word, and conpares said nunber
of said "invalid" stored position words to a predeterm ned threshold, and
upon sai d nunber of id ptvalid" stored position words exceeding said
threshold, provid rrqr" signal. 23. The detector of C aim 20,
wherein said seie I8 idg additionally provides a signal identifying

seqegt|i al position word at said position word output
7

as "valid".
rl)
o0
o~
0
O
1 qu r______
B
. Lo 2
& ot
Lf (W)
W
o e
o
&
>
o' ™~
(Tp] — L3 Z/l\
X\ =& S
— L2 =
co ©wa A
« e
ol 5 3 ~/
=z 2 =) A
~ N~
I~ 0 L] &
- c
PN S RN S .
Q'\'b
= S
5l | g 2 =
: S X
= T 2 N AB
b Q ~ 1= =
% o~ o ~ O
=) o —_f —
yx 5 o |n
M o R Bt
a Nl
| SRSV gy e
= )
§ ojao
=1
o
o
o =,
e —
o olj'—m Ny IEQ
js s~ w (%)
57| 85g &7 B87g
@
=
= = = =
o & (=] oz
@
o = E =z
= o
= S ~ < - ™
o
M ENB s AZ| IBIR
o~ o MY [ [
o~ o



46 - 24. The detector .of C,aim 17, wher.ein each said position word
conprises a predeterm ned nunber of said bits and a synchronization mark
and wherein said word validity detector additionally counts the nunber of
said identified bits to said predeterm ned nunber, and, upon said
conmpari son indicating said nunbers match, providing a signal identifying
said stored position word as "valid".
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