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SAP- 90- 071. READ ERRCR COVPENSATED | N DATA STORAGE SYSTEMS DESCRI PAF@pb Flys,.
i nventibn relates generally to the field of data storage and retrieval.

More specifically, the invention relates to nenory apparatus using a

t rotating storage nedium and to the optim sation of detector performance

~ when reading data fromsuch a nedium A comon form of such menory

. apparatus, foPfASTWPAY | arge anbunts of dath in conputer systems_useg a . .
“magnetic medium The data or information is stored as a series 0 gi%‘t{fc““’ '9994
field transitions oriented on a magnetic recording surface. The jtransiti‘orf®. /22

are placed on the surfa R@y magneti ¢ transducer conmmonly ref _lrr@ as
a head. The transducer g’% ei?%QRe ERRTED BhoARd ﬁTH%GEdSKé ijc (efgpEecendn
the polarity of which is switched according to the infornmation to be 22, &
record- ed. The magnetic field causes gagnefisgtion to remain aft the .,
field is renpbved, retaining infornmati onﬂ-%s—g&#%‘gﬁy information ipt \f"-h{fﬂwﬂa
polarity reversals, or transitions. The transducer may al so act\as a 5!-?.??

detector to d‘ﬁi@citnvdﬁ‘i_ﬁnsi'ﬁ&@s agerlBENB} !tG El{ea@i;é:ltd 8PSaY %gggan% .
magnetic field emanating fromthe magneti sed nmedium The sensed magnetic

field is conVBFI¥Y2tnt §5h SReELEIGALIE; ghsl IamsnEien Felntemete MemaED) ARERREUSN

t he ' using a rotating storage medium and to the optimisation of detector

performance when reading data from such a medium.

A common form of such memory apparatus, for storing large amounts of
data in computer systems uses a magnetic medium. The data or
information is stored as a series of magnetic field transitions oriented
on a magnetic recording surface. The transitidns are placed on the
surface by a magnefic transducer commonly referred to as a head. The
transducer converts electrical.energy into a magnetic field, the
polarity of which is switched according to the information to be record-
ed. The magnetié field causes magnetisation to remain after the field
is re&oved, retaining information as binary information-ip the polarity
reversals, or tranéitions. The transducer may also act as a detector to
"detect data stored as.magnetic transitions by sensing a magnetic field
emanating from the magnetised medium. The sensed magnetic field is
converted into an electric signal which is different depending on the
polarity of the magnetic field. Information is then decoded from the
electric signals. When the transducer places information on the
recording medium it is said to have written data. When the transducer
~detects previously written data on the medium, the transducer is said fo_
have read the storage data. Tn general, systems for storing and
retrieving information from magnetic media may employ a single
transducer to both read and record data or they may employ dual

transducers, one to read and one to write.

The recording is typically flat (typically information is recorded on
both an upper and lower surface of a disc), and thick enouqh to resist
deformations caused by external forces such as clamping. A central hole

" in the disc is typically-called a hub, is where the disc attaches to a



polrarity of the magnetic field. Information is then decoded fromthe
electrid signal s. Wien the transducer places information on the recording
mediumit is said to have witten data. Wen the transducer detects
previously witten data on the nedium the transducer is said to have read
the storage data. In general-, :systens for storlng and retrieving

i nformation f&dn%aghetic nedla may enpl oy 4 single transducer to both read
and record data or they may enploy dual transducers, one to read and one to
wite. The recording is typically flat (typlcally |nfornat|on i's recorded

on both an u | ower surfac and g o resi st
def ormat i onsﬁgg?fs' 595°u9\§§?erar’% Iésprs?ﬁ'(l: ago %n%en i hgl ein
the disc is tymsukcky qrahbed:l iz fnLd»m Py eifthere orhleotdlu s@rfat:teamfeshe oroaatlng

SA9- 90- 071 disc. The head:t,‘| flown becagsemafwg{ 1thL hregﬂgg'lr@qm@éiasro\f\ﬂe%h

provi des power to rofate t di sc. Atransducer or TSl own on it her
or both surf §E@a&tegf aindoyepenti Hpdedi $he bepd dsh H‘ﬁ’sﬁw bb@éu%e wged affe

recordi ng nmedhé dwFatesf the @il €Thai KeadDMAERE d186€renbligh NRAGheVIuE Pace

physically | is,gt&at;hgheh?n%gnet].clfc field generated by the write transducer establishes
magnetic transitions on the recording surface or close enough so that a
magnetic field oh the disc is sensed by the transducer. The transducer
or detector is placed near the surface-of the disc by a mechanical means
such as an arm or lever. The arm or lever moves the write transducer or
detector radially (with respect to-circular media) in and out from the
hub to the edge (also called rim) of the disc as it rotates about the
hub. The write transducer writes data in tracks concentric with the hub
as a result of the radial motion of the transducer and the rotation of
the'disc. A track is an area which forms a concentric band, having a
width which is generally larger than the width of the write transducer,
about the hub. ' i
Data is read using the; same motion of the detector with respect to the
recording medium as when the data is written. However, in order to read
previously written aata, the read transducer, or detector, must be
positioned over the tracks on the recorvding surface where the writing
transducer was to have written the data. This is important because the
detector cannot sense the distance to the optimum data reading position
from any one position. Positioning the detector over the recording area
generally involves a rough positioning means and a fine positioning '
means. The.rough positioning means places the detector over the tracks.
Tracks have a width which is greater than the area on which the data is
written. The fine positioning means is ﬁypically separate from the
rough positioning means and operates to place the detector over thg
width of the track in which data is written, rather than simply over any

part of the track.

Fine positioning means are especially useful in dedicated servo drive

systems and sector servo-drive systems having dual transducers for



t heg surfJace of the disc. The head remains cl ose enough to the surface so
that the magnetic field generated by the wite transducer establishes
magnetic transitions on the recording surface or close enough so that a
magnetic field on the disc is sensed by the transducer. The transducer or
‘detector is p'%‘égoﬂ?’l‘r t he surface-of the gisc by a nmechani cal means such
as an armor [%€Ve he armor {ever noves the wite transducer or detector
radially (with respect to circular nedia) in and out fromthe hub to the
edge (also called rim of the disc as it rotates about the hub. The wite
transducer Wjd@8ngaind writingckSeconcantvd drive bysbtmshhlveas firmecpusitiohifdie

radial notion of the trans r d. . ' i Atrack is
an area whi cH'§a5¢ Jﬁﬁ“c%%csggg ?ioéa h}}%{ﬁ%ﬁéﬁ%}iﬂ%‘g{%ﬁmﬁ %rtt%?ﬁﬁsﬁidocfﬁgf%naglgnle?té’l |y
| ar ger than thaewnveld lareds tafe tvadkseon rthaschsoedingaedia aeheé theb. redatingitackead
using the sa | i { famk Espe B ecorygl di um
as when the da ago%%"@mf?%?%é%ﬁe&:m%@{ O}Fn%%rnégf tgﬁer angagéfg\%i gﬁsﬁiﬁe\%’%ten
data, the reashmppaingifbersenged fdgagtorto Hesprasefpeed prb 8% erignpbs it theks

on the recor didigcsev AL WMCHELH REsPEAL! ESEhE AT ELE A aWR st Y @aiVtel t €N
the data. This js,ipportant because the detector  cannot sense the distance

to the opti mmAddfes f@RTIFYcp e MOTF PFEHRALR Y SHENDSLi HrdatdnsSioRHisng s he

det ect or overudeldeinsteaddofh@ads d@cause some relationship between what is detected
and the detector position must be established in order to adjust that
relationship. Signals having varying characteristics such as frequency -
or amplitude with respect to position on the track can provide that

relationship.

When the detector is the same as the write transducer (called a single
element head) in the sector servo drive system, there may be static
misalignment of the one transducer with respect to the data due to
mechanical movement. The position of the head is affected by
temperature, tower tilt, and other factors which change with the
movement of the recording medium. However, when data is written to and
subsequently read from the medium by radially moving the transducer to
the same position as it was when the transducer wrote the data, the
servo system ensures that the detector will correctly read the data.
This is because, even if therve is a difference in where the detector
should be and where it is when data is written due to errors in the
mechanical arm means which moves the transducer, that same error will

exist when the detector attempts to read.

In contrast, when the drive system (whether sector servo, dedicated
servo, or other type) has one transducer which writes data and one which
reads data (détector) on the same mechanical arm, this system is called
a dual element head system. A dual element head system has
manufacturing tolerances in the alignment of the write transducer to the
detector which significantly effect the ability of the detector to
accurately read the data. This is because, when the mechanical arm

means moves the detector -and places it in the same radial position used



gemeral |y involves a rough positioning means and a fine positioning neans.
The rough positioning nmeans places the detector over the tracks. Tracks
have a width which is greater than the area on which the data is witten.
The fine positioning neans is typically separate fromthe rough positioning
means and opesa?E§- 861place the detector ovler the width of the track in
which data is witten, rather than sinply over any part of the track. Fine
positioning neans are especially useful in dedicated servo drive systens

- and sector servo -dri Ve gs‘_}e cehraw 35 éra duc rtsicf olrSalll SA9- 90 071
3 readi ng an#PeR iPFY 1 8etIBP gervgrﬁl fe have § TR BEEPEi Hhi ng
means whi ch gangd shsugh‘ toralliongther ddeefqtnedfcpaavterdl§fmul$vgsmsan rthe

reserved areas of, ;tracks nEQ@:LJ cogﬂl g g{ﬁ@l amqutlgg;_%n {ﬁagg%rbgglkvc; hat

sane predefl ﬁ'eﬁnpattern of signals ective is that by conparing the
sensed si gnaksite syREEHRERS thePesactdr I‘i° hes pyiralrddiad, pogfdtiar tasr Yp®siseton
Wi th respect ,héh tthe aftal &4 wiri 86dn , PR tdrdve @@Btéﬁﬁmﬁ?dﬂtﬁﬂ.ﬁd‘ndtos&{aﬁdaé}& t he

nost accurate readi the-data. Spgnals
correct&.ygJ %Lerg¥%re, some %f%e p051t10n compensation to the detector
position with respect to the write transducer position must be made when
the mechanical arm is returning the detector to the position of the

previously written data.

Fine positioning means are also useful in dedicated servo drive systems.
A dedicated servo system is one in which there are at least two sets of
recording media, transducers, and detectors. The first recording medium
has a permanent pattern of data written on it which can be read by a
tracking detector dedicated to that recording medium. The tracking
transducer is mechanically linked to the write transducer and detector
dedicated to the second recording medium. This linkage is intended to
maintain a stable relative position between the tracking detector and
the the transducer and detector of the second recording medium.
Therefore, data written to the second recording medium can be located by
knowing the position of the tracking detector when the data was written.
" This position is indicated by the pre-vecorded data already on the first

recording medium.

The problem with dedicated servo systems is that, in addition to the
static misalignment of two different transducers on the same arm,
mechanical and thermal effects from the operation of the disk drive
introduce error into the position relationship between the tracking
detector and the second deﬁectpr. Dedicated servo systems have one
coarse positioning arm in addition to the data arm. Therefore, any
significant errors of the data head radial position in one arm with
respect to the coarse dedicated servo arm will result in the data
detector potentially missing data it should sense. Recording media in
stdrage systems typically rotate at approximately 3600 rotations per

minute although this speed can be much faster or slower. The fast



used instead of data because some relationship between what is detected and
the detector position nust be established in order to adjust that

rel ati onship. Signals having varying characteristics such as frequency or
anplitude with respect to position on the track can provide that

rel ati onship.- When the detector is the sane as the wite transducer (called
a single ele 1Y- oba@d) in the sector servosdrive system there may be
static msali gnrrent of the one transducer W|th respect to the data due to
mechani cal novenent. The position of the head is affected by tenperature,
tower -tilt, and other factors which change with the novenent of the

recordi ng megbtidh cdtksmv@m,rmamWoUh&na; bscamset tlen tenperahdres wfsdgusadiun r ead
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it was when YHerEnsducer wote e servo system ensures t
t he det ect or ofiithe rafetérd Isyrf%fadwh#él garies ThHis fP@“H@éa?n%é’“éﬂﬂeWﬁ“tOhere

is a differepcgnpbi gﬁaaiaqttshéuéi%ee&nq;ergﬂml th&%e@%%&ﬁ&rbtuté sﬁ@?@s daha
is witten due to errors .in geg(?anltca arm gn]e gm)vest e
transducer, ¥ 'E%ﬁ’?é‘“é‘i"‘}lof“mﬁﬁ"lef‘ SFEUHSR P abt td‘PSr EERIPES t FMPead.
I n contrast, gieenl trisaliignnens st ethdrmhetiweicskphots selkds mdeechanat edlisear vo,
or other typg), 2s; 00fe ARG ol Thedl L85 I2EE AP WEnMIeEPing over
the operation of the drive system and are large enough relative to the
track width to cause position errors for reading of the previously
written data. The movements manifest. themselves as increasing the error
rate of the drive system in reading data over the time the drive system

is in operation.

Optical storage media are similar in function to magnetig media. Data
detectors must be placed adjacent the medium with such precision that
the read error rate is sufficiently low. Optical storage differ§ from
magnetic in that the optical sensors detect different physical
phenomena. Specifically, the elements for writing optical data produce
the presence or absence of light, rather than magnetic field
transitions, which the detectors must sense. However, the detectors
still have a mechanical means fotr being placed adjacent to the data.

The mechanical means is still subject to thermal and mechanical error as
in the magnetic systems for the above cited reasons. Additionally, the
mechanisms for .keeping tréck of the position of the optical detectors,
sﬁch as dedicated and sector servo drives, are similar to those used for
magnetic media. Therefore, the solutions to the problems encountered by
magnetic media in correcting for detecter position error are generally '

applicable to optical media as well.

The prior art has used several techniques for developing a fine
positioning means to correct for the relative position error of the data
detector or transducer with respect to the data tracks. A first
technique was to define a thermal test area or track outside of the data
recording area. A reference signal, which provides different frequency

signals depending on the-radial position of the transducer, is written



reads data (detector) on the same mechanical arm this systemis called a
dual el enent head system A dual el enent head system has mapufactiuring

tolerances in the alignnment of the wite transducer to the HHISGHB&'T_I\ME' SEEN
significantly effect the ability of the detector to accuratgly rRerdacdme
data. This is daeaug1 when the nechani cal grm neans noves the—deteetor—and
places it in the sane radial position used 4 when the wite transducer
wote the data, the static msalignment is large enough to allow the
detector to have difficulty sensing the magnetic field transition. As a
result, even %h8agh hehE afethortestr ymclr i The sdrdirede ttrotes Helrdodiiztadly afe titbnd he _
same radial pesiths ORsASLAMRY HSedadNER | S8 BRI | 1D el

systemmay still not sense data correct SOe
conpensat i on ®e§"¢ HemgerEtesr throppsitdanve e ets'peeduceo untd Ink e érEqmﬁuafer

posi tion rrustthlaerélﬁdenw%ghélﬁ sERENABY CAle BFdAskidcd il il dahd' G sdEhHC ?Ev

the position of .the itten data. Fine posjit]oning neans
al so useful i9FSHEAC gf“g gg?\% glrrl?'?/é’lyﬁlstﬂ‘éﬂstype of technique is that it

requires c1rcu1try not already in the drive system, in the form of a

frequency discriminator, to compensate for the transducer position.
Extra ci?duitr§ is expensive .and consumes critical space in compact
drives;ilAdditionally, the servo compensation is limited in accuracy to
the linear function of the frequency of the reference signal across the
track. Given the dimensional sizes of tracks and errors, this linear

function is not sensitive enough in many cases.

A second methdd used by the prior art to compensate for the position
error of the detector is to reserve sections of individual data tracks
for writing special pétterns. In particular,-the special patterns would
return analog signais having a particular amplitude depending on the
position of the transducer with respect to a reference point. The .
reference point would be the centre of the written track, and the
51gnals would be written onto each of the opposing halves of a written
track.. When the read transducer passes over these signals, the position
of the read transducer will be compensated until the amplitude received
from the signals on each half of the track is equal. The difficulty
with this technique is that, as above, extra circuity in the form of
analog detection circuitry is required. ‘Additionally, the space on the
recordlng medium reserved for the special signals radius the space
available for data stqrage.

v .
It is accordingly an object of the present invention to provide a data

storage system in which these difficulties are avoided.

'~ According to the invention there is provided a method for locating a
‘data detector adjacent stored data in a data stbrage system of the type

employing a moving storage medium , comprising the steps of

£y
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A dedi cated servo systemis one in which there are at |east two sets of ,
recordi ng nmedi a, transducers, and detectors. The first recordi ng nedi um has
a pernmanent pattern of data witten on it which can be reaf By a tTackrng
det ector dedicated to that recording medium The tracking t’f"ﬁ%%ﬁ@e’r‘% BEEN
mechani cal | ysig-gkaghito the wite transducgr and detector dedi cdt et ¢&P t he
second recording nedium This linkage is intended to maintain a stable
" relative position between the tracking detector and the the transducer and
~detector of the second recording nedium Therefore, data witten to the
~ second recordi ngowrstdingna aaRb&e dfoenioed hy dktoweag fivm ROGItal OFadk ihhéhiq
tracki ng de t.he S Lften, ,This position is indicated by
t he prerecogr%%é%aﬁl%qg'rr a gf%%aWede}%?é ! ?lé%oc;r%éfeﬂgmﬁg i UM AT E D F B em
wi t h dedi catat@ fegnvdhsyeauated iesrohsit, in addition to the static
m sal i gnment of two different transducers on the same arm nechani cal and
thermal effects fromthe operation of the disk drive introduce error into
the position rePStYsthanithepeesiddan tafestihrthgedetext spvanddorn sidecemd
detector. dxadi eatLdrs€k,vo systems have one coarse positioning armin
addition to the data arm Therefore, any significant errors of the data
‘head radial position in one armw th respect to the coarse dedi cated servo
armw || resultrereading datid data, recounting said errors, redetermining said

measured error rate, and readjusting said data detector position to
determine a first relative position, Xtl, with respect to said data
track, where said measured error rate is substantially equal to a first

predetermined error rate, Rta, and

adjusting said data detector position according to said first

relative position.

There is further provided a data detection system for reéding data from
a movini data storage medium, comprising: ;

defector positioning means couplad to a data detector and connected
to data detection circuitry, said detector positioning means being
adapted to locate said data detector adjacent a data storage medium and
to adjust said data detector positicn with respect to said medium in

response to commands from a micropfocessor;

error correction circuitry connected between said data detection
circuitry and an error counter which rsceives data from said data

detection circuitry and said ervor corvection circuitry;

said counter being adapted, counts errors and transmits a counter

result to said microprocessor,

said microprocessor being adapted to determine a measured error
rate based on said counter result and .
Has Been Reﬁaced
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detector potentially mssing data it should sense. Recording nedia in

storage systems typically rotate at approximately 3600 rot gt-ers—per—iTat
al though this speed can be rmuch faster or slewer. The fast]|THIS SHEFHHAGBEEN
causes thermal problens because the tenperature of the medijlum v&PHCERs o

function of dfieqpaghial position on the di gk due to the speed—ofThe
rotating surface which varies as a function of radial position. Thernal
gradients due to tenperature changes and tenperature shifts can cause
mechani cal novenment of actuator arns, tilting of actuators, and general

m sal i gnment of totdumman®chadii detlecpér ip®sifilonindmean®to aedjizsestier dats in the

head positiqQn. These erraors.are slo ti varyin ver th ration of
the drive s%ﬁe Pakdsare® grlghe &R ﬁ%#)éroe Elar:rﬁ':ai %go%gegheel T dc §e\’7\fci’([§)'[ ﬁgtilbo cause
posi ti on er sakds masunedaekineg vitet he nwistabusl Fivati presietduined ¥rromprateent s
mani f est thensel ves as increasing the error rate of the drive systemin
readi ng data over the time the drive systemis in operation. tical
storage nedpsysten GWRpREing fhe dnventien: A Ayt Moty g, ansafgeurately

compensate for thermal and mechanical errors in the position of the.data
detector with respect to the written data. This is accomplished by
measuring the error rate of the written data as a function of the read
offset of the detector. Error rates become increasingly large as the
sensed noise to signal ratio becomes large. The number of errors
detected in reading written data for various read offsets when the data
storage system is initially activated are counted. When the number of
errors reaches a target rate, the read offset required to produce the
ﬁarget rate is saved. This procedure may be performed on either side cof
the data track. . The detector is then positioned between the two
offsets. During the operation of the storage system, thermal.and
mechanical errors are introdaced into the detector position compensation
means. By periodically éetermining a new offset for each side of the
data track this may be compensated for. The new offset which corresponds
to the target error ratelis found by interpolating between measured
offsets for error rates which are higher and lower respectively than the
target error rate. The new measured vead offsets are obtained by
reading back written data in a similar manner as was used to obtain the
initial read offsets. The detector is then repositioned with respect to
the written track position between the new offsets on either side of the
data track.

Figure 1 illustrates the interrelation of various physical regions on a

recording media of the present invention.

Figure 2 illustrates the error rate of a rotating storage media as a
function of the read offset associated with the detector in the present

invention.

-
This Sheet Has Be

B



detectors nust be placed adjacent the mediumw th such precision that the
read error rate is sufficiently low Optical storage differs from nmagnetic
in that the optical sensors detect different physical phenonena.
Specifically, the elements for witing optical data produce the presence or
absence of |igpstgo+@tiher than magnetic fIEhd transitions, which the
detectors nust sense. However, the detectors still have a nmechani cal neans
- for being placed adjacent to the data. The mechanical means is still

" subject to thermal and nechanical error as in the magnetic systenms for the
above cited Figmsors illtkhtiatés)raabquk Hlﬂmmc&mmi smofrosedoeepﬁpigmémmlio@foft he

posi tion of e a8, I tor ¢h,.as gdl c and sector servo
drives, are E}ﬂ d arcjttgg togglg&uge ?nsa lon RBTTC ogot%e prleﬁéapgflé'rv tsjtqr?é
solutions to the probl ens encount er ed by magnetlc media in correctl ng for

det ect or posylgyel @ﬁﬁ.@t‘is&%@eg%nﬁi% Wi 2Rk £ah! 8 ]]%aw& 's%@J, gié}ne%% pell.

The prior art "has used several niques for deve I ng ad p05| 'oni ng
nmeans to cordfedbe fdsteetry pesiionecqpsnsatdnn erysbem oif t—‘h@ pdamltdenmttepnor
transducer with respect to the data tracks. A first .techni que was to defi ne

a thermal test ar track qutsjde of the data recording_area.
reference sih4 q’ﬁﬂ?i Y5 55 bYA &EE merre@tion PEGERATC YOS Ghial s“&ép‘éfn(ﬂ‘ﬁg on

t he radi al matat traekotn tthe prezastivicwentios. written

Figure 6 illustrates the interpolation process for the N side of the

data track in the present invention.

In order to compensate for the transducer pOsiEion error in rotating
media storage systems, the fine positioning means must readjust the
position of the read detector with respesct to the written track. Figure
1 illustrates the relative components of the data track as a function of
the radial distance across a written data track 5; In general, the fine
positioning means determines the distance from the centre of the track
that the detector (also called read transducer or read head) is offset
when reading data. This is called the read offset 10. In magnetic
media systems, the magnitudé of the useful read offset 10 is limited by
the width of the magnetic field sensitive portion of the read detector
12. The useful magnetic field sensitive portion of the read detector 12
is called the read width 14. Similarly, in optical systems, the
magnitude of the read offset is limikted by the width of the light
sensitive portion of the read detector. When the read offset 10 is made
larger, a part of the read width is sensing a signal outside the
possible area for data to be written. The effective width in which the
write transducer deposits magnetic field transitions is called the write
width of the track 16. Sensing signals outside of the write width 16 is
called an offtrack read. When enough of the read width is outside the
write width, an error in reading data €from the media will occur. The
ratio of the read width which senses a signal outside the-write width to

the portion which senses a signai within the write width is called the



6 t0 eagh half of the test track. The data detector periodically returns to
the test track to read the reference signal. The fine positioning neans
conpensates the position of the transducer until the frequency of the
reference signal sensed by the transducer is the sane as the previously
sensed. The psxploenprd th this type of technipque is that it requires
circuitry not already in the drive system in the formof a frequency
discrimnator, to conpensate for the transducer position. Extra circuitry

I S expensive and consunes critical space in conpact drives. Additionally,

t he servo conqmemsablsm@nas datib! ethed BRCHSRCYtd Gibhel IraReargel YNGligep, Qhet he
frequency of the refere qu%l nal across the track. G ven the di nensiona
sizes of trac s an errors, TGHPRER function is not sensitive enough in
many cases. A second method used by the prior art to conpensate for the

position errffe pheddift dRYERLOH deRelfs rtﬂgq{u\ﬁgmseog LONP Rl od ALV %af:%{joaﬁt ¢

tracks for WW|t|ng speci al patterns. particul ar, the specra
woul d ret ur ntREZPEY EfeRt s ﬁaﬁheﬁgg%f‘eﬁa'ﬁﬁ @u’r‘%ﬁd aﬁfﬁqtt Melb-ledebeddllﬁgthm t he

position of tie tva@m..dpsﬂtl%tébmbem&%nt&c@séﬁfyef@mﬁep@ée%t d N8, 1 efRr ence
point would pe the centre qf the witten track, and the_ sig s woul d’

written onto B5chidrek Resthigniangensation «ff the \ﬁ}e"?‘f‘é’ﬁ 'E‘?a’c,q(thWFBrff??Ré‘CFead

transducer padsesn where the position of the arm 9 is as determined by the coarse
positioning system, and the position of the arm 9 when reading the data.
This compensation allows the detector to perform optimally with the
lowest error rate. The generation of a read offset value is possible
because the number of read errors in a drive system is a well behaved
function of the position of the detector. Figure 2 illustrates an
example of one such relationship of the error rate as a function of the
read offset 10. In particular, the log of the error rate is a function
of the read offset in this type of drive. The form of the function may
be linear, as here, or some otheg empirically determined form depending

on the type, size, and shape of the detector and disk used.

The target error rate is denoted by Rtp (p side) and Rtn (n side) in
figure 2. Rtp and Rtn correspond to the read offsets, Xp and Xn respec?
tively, which result in those targét ervor rates. The magnitude of the
target error rate in a storage system is chosen differently depending on
the application in which the drive is to be used. For example, when the
target error rate is very low, increased time must be spent measurlng
the error rate to determine the magnitude of the error rate. This
results in degraded overall performance of the drive system. In
contrast, if the error rate is somewhat higher, less time is spent
measuring for that error rate, and so the performance of the system is
enhanced. The overall time spent measuring for the error rate and its
effect on the drive system performance determines the target error rate

chosen.

Figure 3 illustrates a block diagram of a first embodiment of the

Present invention implemented in a sector servo type drive. Data is



over these signals, the position of the read transducer will be conpensated
until the anplitude received fromthe signals on each half of the track is
equal . The difficulty with this technique is that, as above, extra circuity
in the formof analog detection circuitry is required. Additionally, the
space.on the %ggg&gbgg medi um reserved for fhe special signals radius the
space avail abl"e"for data storage. SUMVARY THE INVENTION It is
accordingly an object of the present invention to provide a data storage
systemin which these difficulties are avoi ded. According to one aspect of

the inventionchhef@m sndlirsebRstg fedfRt DO fi dptanionde Rendat azdet gigd or
adj acent stored data in a data Storage s ' '

éste co rlsingi c unt%gg a
nunber of erm9Fdti9R gt ther datetPrhrilsmant 42t PAEKk TIFeEhi P H0Br e hediie by
sai d data deti@pbh)ysiaﬁdl)debﬁtfﬂ'mhﬂg)yatﬁemuiﬁdmeng Ofeanata th:_mughahe:l:rmnwntled
errors, adJ ustl n'g t EEF}%EEQPEME“W J'.SsHIaEEt-:rachnd7tcpgséll%\lloglé?rren§%ecj;\dd%lachdet ector

toward one si¥& oFf sa a track; rereading said data, recounting said
errors, redeteonb@itisng Siis¢ teansdvest whidy is dihe, detesteedd.uand Agseeand dat a

?et ect gr dp?SittriaQQdJchdﬁ{i%'h”qu_ha diitet tFBkalde¥e PORI hiQprdtdssoi 41 respect
0O Sa a :
! a':'Lnstructs the positioning mechanism 21 to position the detector 12 at a

particular radial distance from the hub of the rotating spindle 41. The
positioning mechanism 21 identifies the rough radial position of the
detector 12 by sensing patterns embédded in the data tracks through the
detector 12. The detector 12 also senses signal from the active storage’
space on the recording media 1 and sends them to a preamp 35 for initial
amplificétion. The data content is then extracted from the amplified

signal by the data detection and synchronization circuit 33..

Data is read as a string of ones and zeros. The string of ones and
zeros contains a self clocking code. 'The self clocking code was written
with the data anto tﬁe disk media whem the data was storedi The data
detection / synchronization circuit 33 separates the clocking code fron
the data. The clocking code is then nsed by the detection / synchroni-
zation circuit 33 to determine  the bheginning of the data stream and
separate the string of ones and zeros into bytes and blocks of data (a
block of data is a plurality of bytes of data). Blocks of data, from
the data detection / synchronization circuit 33, are then passed through
the Error Correction Code (ECC) detector circuit 23. when a block has
an error, the counter 29 is incremented hy one. In normal read mode, the
data is channelled through the interface buffer adaptor 27 to the data

bus 37 on instructions from the microprocassor 25.

The ECC circuitry determines if there is an error by reading the data
sent to it in blocks. When the data was initially written, a
mathematical operation was performed on a block of data and the result
of the operation written with the block. The ECC circuitry segregates
blocks of data, then performs the mathematical operation on the blocks

of data. If the result of the operation is the same as the result



track, where said neasured error rate is substantially equal to a first
predeterm ned error rate, Rta; and adjusting said data detector position
according to said first relative position. According to another aspect of
the invention there is disclosed a nethod for placing a data detector

adj acent stored data in a data storage system .conprising: storing a first
rel ative posga9-m;-0oferr], of said detectoriawith respect to a data track in
said storage system where a neasured error rate is substantially equal to
a first predetermned error rate, Rta: determning a first test position,
X1, by adjusting said data detector position toward one side of said data
~track, readshereshritisithe deloghit dthien therg bist heen aekerrosunif tfeerasygls from
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and connect dacqrpopdted BEirserenrecinrtithis sPesificgbt¥bt or positi oni ng neans
pl aces said data detector

The microprocessor 25 stores Rtp and Rtn (target error rates) chosen for
the speed of the storage system, typically Rtp=Rtn. ti(td) and Xtn(to)
are the offsets of the §etector 12 which correspond to the target error
rates and are obtained by writing data to active storage space on the
recording media 1 and then reading that data back. The data is )
initially written and read back with the positioning means 21 having a
random but known read offset. The ECC detection / correction means 23
senses errors in the blocks of data on the recording media 1 and the
counter 29 maintains a record of the number of errors. The ECC
detection / correction means 23 does not correct the data and micropro-
cessor 25 does not send it to the data bus 37 during the measurement of
Xtp(t0) and Xtn(t0). The microprocessor 25 calculates the number of
errors per number of good bits or sectors which is defined as the

measured error rate Rmp(tO) or Rmn(t0).

The set of written data is read back at several read offsets to produce
a measured error rate for each read offset. This process is repeated on
each side of the track. If the first measured error rate is higher than
Rtp or Rtn, then the reéd offset is reduced bhefore the next measurement
is made. If the first error rate is less than Rtp or Rtn, then the read
offset is increased before the'nekt measurement is made. This process
is repeated until the_error rate sensed on each side of the track is
substantially equal to Rtp or Rtn. The position at which the target
error rate is reached becomes Xtp(t0) and Xtn(t0). When Xtp(t0) and



adjpacent a data storage nedia and adjusts said data detector position with
respect to said storage nedia in response to commands from a

m croprocessor; said data detector senses signals on said storage nmedia and
transmts those signals to said data detection circuitry which extracts
data fromsaid signals; error correction circuitry connected between said
dat a detectorsﬁééﬁéh%iy and a counter V\/nichl eceives data fromsaid data
det ecti on REPL SHEET 3 1 JUL 1997 circuitry and detects errors
in said data, said error correction circuitry transmts a signal to said
counter for each of said errors; said counter, connected between said error

correction C'){tﬁk'td)r Ymv@rl%teﬁfégze%%(e%r ag°e§i§9tr lgc%ggsogl ?imgtﬁén(a%éaﬁ‘d
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commands said d ctor posiftioni nmeans to adj ust, said data detector,
position wit H‘tPgéo(éeéPdt}gt"zﬁéb dgg‘g TICHPRIGES TN 2° i MSFEYSnERe PEsitiqning
measur ed err giechatismt 21 ni adhist thd ipositiphesiettae nddredtes bYrthedlread offset

DESCRI PTIC)J(%% f?%%?ﬁﬁgﬁﬁ%n%@5¥¥?E@E$ﬁ§§e Xtn(t0) is a negative number. This could
also be expressed as abs(Xtp(t0))-abs(Xtn(t0))/2, where abs(X) denotes
the absolute value of X. The positioning mechanism 21 then maintains
this relationship between the position of the written track and the
detector 12 when data is read by adjusting the detector 12 position by
this read offset. )

The determination of Xtp and Xtn is dene without the use of extra
detection circuitry. No special relationship between the sensed signal
from the recording media and the position of the read detector is
contained in the written data, and therefore, no extra circuitry is
neceséary to detect such a relationship from the data. Instead, the
position of the read detectbr is determined by the known relationship
between the error rate of the stored data and the various read offsets.
Determination of the error rate vequires the read, write, compare, and
control functions for digital data which would already exist in a
digital storage system. Specifically, the compare and control functions
exist in the microprocessor 25. A commevcial microprocessor having such
functions and suitable for use in this invention would be the 8051
microprocessor from the Intel Covporation or one of many equivalents.
Additionally, the present invention's nse of active storage space on the
recording media is only temporary. As a result, there is no need to
permanently reserve space otherwise useful for storing data. 1In fact,

normally written data could be used for determining the compensation.

Microprocessor 25 permanently stores the values of Xtp(t0) and Xtn(t0).
The misalignment of the detector to the write transducer is the
difference between the magnitudes of ti(to) and Xtn{t0). When
abs(Xtn(t0)) = abs(Xtp(t0)) the misalignment is zero, and when the

- values are not equal the misalignment i= (Xtn(t0) + Xtp(t0))/2. The



Figure ]l illustrates the interrelation of various physi cal regions on a

recordi ng nedia of the present invention. Figure 2 illustrates the error
rate of a rotating storage nedia as a function of the read of fset
associated with the detector in the present invention. 9 Figure 3

Il lustirates a blo&géﬂ%agran1of a sector servo inplenmentation of the

det ect or posi t8n

ensation system of thé4present I nvention. Figure 4

illustrates a bl ock diagram of a dedicated servo inplenentation of the
detector position conpensation system of the present invention. Figure 5

illustrates the,l n %Qori;%gggnngﬁagf?eus%ﬁg{est b BefL e d@bed fi8ndai st LAGK, T N

t he present

I nventi on.

es the I nt er pol at1 on process ftor

the N side ofreadeoffses vhigbkc¢ntreether dekastor miehino{t0) n dhedricreprocessor
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systens, the fine p05|t|on|ng means nust readjust the position of the read

detector wit RGPS ¥P ehe
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rel ati ve conpaaessdiationd@fdetia di-iee lopasatdoh UNEakPeidk Xtp and Xtn are deter-

mined, a new read offset for the target error rate is determined, and
the microprocessor instructs the detector compensation means 21 to place
the detector 12 half way between the new Xtp and Xtn. The micropro- '
cessor 25 then determines a new misregistration and also compares the
new (i.e., tl, t2, t3, etc.) Xtp and Xtn to the old (i.e., t0) Xtp and
Xtn. The microprocessor 25 then correlates the read offsets to the .
temperature, speed of the rotating media, misregistration, or other
physical parameters. Therefore, the microprocessor can check whether
the new read offset or misregistration is consistent with previous read
offsets under similar conditionsf

i
The first embodiment of the present invention is illustrated as
implemented in a dediéated servo type drive system in figure 4. 1In this
type of ‘drive system,. the positioning mechanism 21 links two mechanical
arms. The mechanical arm 9 positions the dual element head, and hence
the detector 12. The mechanical arm 47 positions the position sensor
45, Position sensor 45 is a transducer similar in design and
fabrication to the detector 12. The detector 12 and the position sensor
45 sense signals on two different disks; recording surface 1 and
reference surface 43. Both media rotate about the same spindle 41.
Position mechanism 21 maintains an adjustable relationship between the
radial position of the mechanical arm 9 and arm 47. Reference surface
43 contains sensing patterns which are sensed by position sensor 45 and
sent to the positioning mechanism 21. These sensiné patterns, as
interpreted by the positioning mechanism 21, determine where the
position sensor is on the reference surface 43.  The position of the
detector 12 is then known with respect to the recording surface 1
because a stable relationship is maintained between the detector 12 and
the position sénsor 45 through the mechanical arms 9 and 47,

réspectively.



the radjal distance across a witten data track 5. In general, the fine
p03|t|on|ng neans determ nes the distance fromthe centre of the track that
the detector (also called read transducer or read head) is offset when
reading data. This is called the read offset 10. In magnetic nedia systens,
t he magni tude of the useful read offset 10 is limted by the width of the
magnetic fiel 8A%®9sPT3 ve portion of the read detector 12. The usefu

- magnetic field sensitive portion of the read detector 12 is called the read
“width 14. Simlarly, in optical systenms, the nmagnitude of the read offset

- is limted by the wwdth of the light sensitive portion of the read

- detector. When the read offset 10 is nmade larger, a part of the read wi dth
. IS sensing aThe gsrtable)uteihdinﬁsha: pesgedi chardedetbor d3tand pobitinni sanenr Mhe

i effective wd @nﬁp | | €ofdd s
transitions.i % ca ttcéﬁeﬁ\?ﬁhweﬁésqégh H‘%e a??%‘(?ckﬁ %ﬁ rggg@fstr?gE5|dgﬁln?nd
- out side of ttfeowtlh?emwrdpt‘no%sm 25al | Bie mAcroPreeeasRYr Endetemines mughp 00)

| the read wi dfapd'aﬁa Quh Sloderd NI ddrGe W rBr tél\'%eelﬁ Qriting @acd g e a from
, the media will occur. The ratio_of the read wd whi ¢ch senses a si gnal
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wite width irgad @lflfeéltd.neThe signal read back goes through the preamp 35, the ECC

circuitry 23 and the counter 29, just as it did in the sector servo
implementation. The error in the linkage between the two mechanical
arms is then eliminéted by adjusting the arm 9 with respect to the arm
47 so that the detector 12 is half way between Xtp(t0) and Xtn(t0),
giving the detector a read offset of (Xtp(t0)+(Xtn(t0))/2.

A second embodiment of the present invention efficiently determines
Xtp(tl) and Xtn(tl) when ti(tO) and Xtn{(t0) are known. The second
embodiment can be: implemented on a dedicated servo, sector servo, or
other type of drive system in a similar manner to the first embodiment -
as illustrated above. The particular function of error rate to read .
offset depicted iﬁ figure 2 for a type or design of drive is determined
empirically. The form of the function will depend on the design of the
drive and therefore does not require testing on each drive.
Specifically, a particular type of drive is tested to determine how many
read errors occur as a function of the distance from the centre of the
write width on the track to the maximum allowed read offset. The
magnefic media drive which exhibits the characteristic function of log
error rate being a linear function of the read offset, as shown in
figure 2, has the following characteristics: a 3.5 inch rotating disk
for storage media having a 10 micron track width and being made of
sputtered thin £ilm Cobalt-Chromium alloy, the transducers are
magnetoresistive stripes having effective read widths of 5.5 microns,
and wrife widths of 7.5 microns, the detection circuitry is of a
conventional peak-detect type, and a typical misalignment between

transducers is on the order of .25 microns.



SA9- 90- 071 10 noise to signal ratio. Wen the

noi se to_signal ratio gets |arger, the .nunber of read errors increases. The
present invention detects the nunber of read errors as a function of the
read offset. It then generates a read offset value which is the fine radial
posi tion conpensation necessary for the detector 12. The fine radial
position conpgDgaigygn of the detector 12 hg the difference between where
the position of the arm9 is as determ ned by the coarse positioning
system and the position of the arm9 when reading the data. This
conpensation allows the detector to performoptimally with the | owest error
rate. The ggfer chd @orwfofa theafhnoti@etfoval pertisupds Siybé eofbdeiesdsthrewnunber

of read errqrs.in dr, ve t. i , i f th osition
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_and Rtn (n E!;ﬁe%f%;lt (determined at (t0)) in response to the commands of the
microprocessor 25. The microprocessor 25 then follows the process shown

in Figures 5 and 6 to determine Xmp(tl) and Xmn(tl).

Figure'S illustrates the process by which this is accomplished for side
p of the track. The position compensation system adjusts the position
of the detector to Xp = Xtp(t0) and determines an error rate at that
point Rm2. Thé errér rate at Xp was previously measured on the drive to
be Rtp. When Rtp substantially equals Rm2, then there is no
compensation necessary to the detector position. When Rm2 is greater
than Rtp, tHen Xp is not the same distance from the .centre of the track
as it was when originally measured and is, at this point, unknown. it
is unknown because a thermal or mechanical error has been introduced
into the mechanical system. However, because Rm2 is larger than Rtp,
and the measure&ent being performed is on the p side of the track, X2
(the current position of the detector corresponding to Rm2) is equal to
Xp + dxp. Additionally, the compensation system measures a second set
of data, in which the error rate is lower than Rtp. Here the drive
mechanism compensates the position of the detector a known amount from
X2, until Rml is less than Rtp, and denotes this position as Xl. .
Although the absolute position of Xp(tl) is not yet known, X2-X1 is
known. The measured values of Rml, X2-X1, Rm2, and Rtp, allow a
determinatioﬁ of dxp through linear interpolation and hence the relative
positions of Xp(tl), X2, and X1. When the form of the function relating
the detector position to the log of the error rate is linear, as shown
in figure 2, the interpolation gives:

dxp = (log(Rm2)-log(Rtp)) x (¥X2-X1) / (log(Rm2)-log(Rml})

Xp = X1 + (X2-X1) - dxp



flgure 2. Rtp and Rtn correspond to the read offsets, Xp and Xn respec-
~tively, "which result in those target error rates. The magni t ude of the
target error rate in a storage systemis chosen differently dependi ng on
the application in which the drive is to be used. For exanple, when the
target error sagt®p-ogivery |low, increased tigpe nust be spent measuring the

, error rate to determne the nmagnitude of the error rate. This results in
degraded overall perfornmance of the drive system In contrast, if the error
rate is somewhat higher, less tinme is spent neasuring for that error rate,
and so the piprfisrempmessef ibheerspso®mli snderfharidadhecriuee clemas | thei bastspent

measuring fof,ot BELLEOfnd Abbedtdd Lid ﬁfés‘cge MvLae q%f ayﬁéxstmngrﬁn%mnce
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di agram of AURPELtiesnHRRtiF R mMndAxp He ESPesEh? intomflinsion msFerbmitl depend

sector servon YRe dhak¥&teriboia fhﬁctlonseﬁ‘tag &b4le system. However,
11 read fromthe recordin

nedia 1 t he det ector .el enent %%§ he position
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error rate on a known characteristic function, determine Xtp(t0) much
quicker, with high accuracy, and with fewer measurements than the

comparison of repeated measurements method used in the first embodiment.

Figufe 6 illustrates that this process is repeated for the n side of the
track. The detector position is offset to ¥n and the error rate:
measured. If the current measured error rate is equal to the previously
measured error on the n side of the tragk,'Rtn; then no compensation is
required. If the current error rvate is higher than Rtn, it is labelled
._Rm4, and'an - dxn = X4. The position of the detector is adjusted by
" (X4-X3), and a new error rate, Rm3, is measured which is lower than Rtn.
Again, as bn the p side, dxn can be calculated as:
dgzn = (log(Rm4)-log(Rtn)) x (X4-X3) / (log(Rm4)-log(Rm3))
Xn = X3 - (X4-X3) + dxn. .
Again, as in Xp, Xn is.expreésed in terms of X3 and (X4-X3) because X3
was the last position of the detector 1.2 and it can be moved, if
desired, by the known quantities (X4-X3) and dxn to Xn. When Xp and Xn

are known, the detector 12 is placed midway between Xp and Xn.

Where dxn is equal to dxp, the detector position has no misalignment
from the centre of the wfite width of the track. Wwhen dxn is not equal
to dxp then the detector 12 is misaligned either to the positive or
negative side of the track with respect to the centre of the write width
of the track. This misalignment is also correctable from the above
data. The misalignment is equal to (Xp - Xn) / 2. Therefore, if Xp is
greater than Xn and the misalignment is positive, the detector is moved
in the negative direction by half the distance between Xp and Xn.
Similarly, if the misalignment is negative, the detector is moved in the

pPositive direction by half the distance between Xp and Xn.



i s,physjically controlled by the positioning means 21 through nmechanical arm

- 9, I\/bchanl cal arm9 is attached to a dual el enent head which contains a

"fromthe hub o

first transducer which is the detector 12, and a second transducer which is
the wite transducer. The m croprocessor 25 instructs the positioning
mechani sm 21 g gghii on the detector 12 afga particular radial distance
55? the rotating spindle 41. T%e posi tioning mechani sm 21
identifies the rough radial position of the detector 12 by sensing patterns
enbedded in the data tracks through the detector 12. The detector 12 al so
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detection / synchronl zation circuit 33 to determne t i nning of- the
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of data (a IHagCkorpirislad bftidePsdttdli bty aOholibRSoOh dadd). BreGkshPhosat a,

from bits in the definition of the error rate makes the measurement easier
because there are less errors to tabulate. However, grouping more bits
in the definition of error rate makes the granularity larger. Thereforé,
the resolution in the adjustment decreases because the error in
interpolation gets larger with the larger granularity in the definition
of the end points Rml, Rm2, Rm3, and Rm4. Using 3.5 inch magnetic disk
media having 20 data sectors per track (less sectors than typically
used), a repeatability of detector position of +/- 10 microinches is
achieved. The measurement cycle consisted of 5 revblu;ions, or 100
sectors of data. The variation of error rate may also affect the .
accuracy. The measurement time was approximately .1 seconds. The time
between updating the read offset while the drive system is in operation
depends on the thermal expansion rates nf the components in a drive
system. In a dedicated servo type drive, the drive requires an ﬁpdate
of the read offset approximately every five minutes for the first twenty

" minutes after powering up and every twenty minutes thereafter.

A third embodiment of the present inventien retains good throughput
capability while calculating a new positinn compensation from sector
data. The third embodiment is be implemented on a dedicated servo or
other type of drive system in a similar maﬁner to the first and second
embodiments of the present invention illustrated above. 1In the third
embodiment, when calculating compensation, an error is detected when a
sector is read and the error correction code syndrome (generated from
the error correction code dircuitry and software) indicates that an
error exists. The error cérrection code syndrome is known immediately

after the sector is read: If the syndrome has either a zero or clear



the data detection / synchronization circuit 33, are then passed through

the Error Correction Code (ECC) detector circuit 23. Wien a bl ock has
error, the counter 29 is increnented by one. In normal read node, the
i's channell ed through the interface buffer adaptor 27 to the data bus
i nstructionsgfoggrdAe mcroprocessar 25. The ECC circuitry determ nes
. there is an error by reading the data sent to it in blocks. Wen the

an
dat a
37 on
i f

dat a

was initially witten, a mathenati cal operation was performed on a bl ock of

data and the result of the operation witten with the block. The ECC
circuitry segtegaties bﬁmks;-@fnodehaa,rsthetthpesreﬁ-mbns i et lren s inedemine Clads  a

operation on_the bl s of data. e f 0 t | he_sane
as the resu'i"fn zer%i g?) 6?1error 1s dettegte %rHJ tl:hg secqgr pq‘i‘n? élq’g csc{rgr ?h
bl ock, thentidmeredehsoftan bo netruged £ coliceqteshe tsechp grapedeshuey théadi ng
the data fremetsh@ueﬁe%ﬁgarstﬂm Eﬁgeraetwmgt hﬁ-t eﬁmreﬁée dfheRe tdiebe dra an

error. This error can be corrected by using.t hemati cal operation to
recal cul at ecQUEinGptt s Thsafhipsk é‘“’?‘é’dl??"ed‘t%Hsgﬁv%"ﬂ‘ier?*é?éuFPsset &P &de These
inputs are gPRAE&AorOrdiNaréaladei fb 1d8Eermine the locations or offsets for the

edges of the data track which are subsequently used to calculate the

position offset compensation. A unity failure rate denotes when all the

sectors read on a track have errors in them. For example, if 48 sectors

on a track are read and all 48 sectors are in error, then the offset at

which the track is read, is the offset for the unity failure rate.

The third embodiment performs position offset compensation for a head

when any of three conditions are met. They are: 1) after a pre-set

number (Yl) of normally read sectors contain an error, 2) a pre-set time

has elapsed, or 3) after a pre-set nuwmber of sectors have been read.
Thé head is repositioned after any one of these three events according
to itwo single direction edge searches. An edge .is the position offset
at which the number of errors is approximately equal to a pre-set
threshold (Yz). That i;, an edge is the position where the errors in
error correction code syndromes have heen invoked on Y2 sectors out of

the total number on the track. The position offset dictated by the

threshold Yz,is allowed to change for different recording surfaces or at

different radii on a recording surface. The offset values are saved for

use in the next update of the head position compensation. Typically, the

error rate target Y2 remains constant.

In performing a head position compensation, initially a single direction

edge search provides an offset (towards either the rim or hub side of

the recording surface) which is saved for use in future calculations of

the head position which is expected to produce more than Y2 errors.

When more than Y, errors are detected at this offset, the offset is

gradually decreased until less than (or equal to or within a prescribed

range of) Y, errors are detected. If less than Y  errors are initially

2

detected, the offset is gradually incraased until more than (or equal to



bl ock and the bits corrected. A nore detailed explanation of ECC circuitry
as used in this invention is contained in United States Patent Number
4,706,250 by Arvind M Patel of San Jose, California, assigned to

I nt ernati onal Busi ness Machi nes Corporation, which is hereby incorporated

- by reference 4yt ggldyys specification. The gjcroprocessor 25 stores Rip and
Rtn (target error rates) chosen for the speed of the storage system
typically Rip=Rtn. Xtp(tO and Xtn(tO are the offsets of the detector 12
whi ch correspond to the target error rates and are obtained by witing data

to active steF agehHPACHraEribed HaRGE GrY U Mg slapd detbeted, eafjengagdhat data
back. The data i a <hnl tl alql% witten, and zead%%jack Wi tf&%%pom %l ?nl ng
means 21 haviiif<8 TEhFEBIRSULERR PORAT R8T 2% ong R de ebidcEn povard
correction nesnhulR drsehsksherd ahe humbeheofokordes epprdbxtimatalyt éxpualecyy.di nige

media 1 and e ' LN re 0 n . Of. ecrols. The
ECC det ecti o%frb% g%%%tgc{‘?‘%e% gng%"pntgﬁﬁfsa ggsp O%g¥%€o&?‘se%%st E’?%&gﬁ n ér?%né’rl %pr o-
cessor 25 dodixreggionsbadauge the teffooxr dwge biss c@mt@ntlngncreasingsan daerrasdhg

Xtp(tO and vk t&pectheo The! HiHsQE RS Qhe Aes Hrouhd s LRRAHERE bo & i8R OF S
per nunber of good bits_or sectors which is defined as the neasured error

rate Rnp(t O Suhsempsit; updategeos dheopddsy pegidhonattdlise thedlasicxaved eddrer al
read of fset spdsitRéPH4CE starting offset for determining the subsequent edge

positions.

This edge search is completed on the positive side track edge and on the
negative side track edge. Subsequent updates utilise the saved offset
for the track edge to save update time. The cdmpensation calculated
from the track edge head positions, place the head on the track based on
previously set criteria. The criteria here may be as simple as‘the
average of the positive track side offset and the negative track side
offset. The criteria may be more elaborate and may introduce tﬁe
compensation required to account for the write element to read el%ment
offset.

The conditions which initiate the repositioning of the head in the third
embodiment are typically that 1) the ervors detected exceed 10 (Y1=10)
since the last repositioning, 2) the time between repositioning is 3

~ minutes, and 3) that the total number of sectors read since the last
repositioning is 2404. The dual single edge searches are completed in .
approximately 1.1 seconds which is approximately 99.37% throughput for 3
minute time intervals. ¥ may be variad for each drive and the design

2
specification goals for the drive.

A more elaborate criteria for calculating compensation involves
tabulating sector féilure rate or error rate data for sections of the
track. This would be performed to correct for repeatable run out
conditions; Repeatable run out is defined as when a recorded track no

longer appears concentric to the centre for a head which is trying to



-~

a measured error rate for each read offset. This process is repeated on
each side of the track. If the first neasured error rate is hi gher than Rtp
or Rtn, then the read offset is reduced before the next measurement is
made. If the first error rate is less than Rtp or Rin, then the read offset
i's increasedshefgrg;t he next neasurenent i.§ nmade. ThIS process i s repeated
until the error rate sensed on each side of the track is substantially
equal to Rtp or Rin. The position at which the target error rate is reached
beconmes Xtp(tOQ and Xtn(tQ. Wen Xtp(tO and SA9- 90- 071
13 Xtn(tO lhead theetradrt erme befhett b@nm@mphomssné stetigishesaid gal | y
determ nes th | position,of the detect cen ethe
det ect or overfﬁ%agv\?ief‘%éﬁiyt PR CEESCRAP 88%?"?‘? 7 rgcmljf\/vﬁ‘{%(‘géf'%te Xp(to
and Xtn(tO . The m croprocessor 25 instructs the posi tioni ng nmechani sm 21
to-adj ust thesfqs (?“ Y, a f
(Xtp(tO +xXt g? %)‘1) #éiﬁ\nl\hg&ste?(t n ?’%)ﬁgés apnlgtlgg t\r}lg ﬁbﬁj’n gfémieﬁlft of auf“é] so be
expressed a@alat%(mlpf(%’@)? Pap¥idmg( e CQ)O)“PQHSE\FM@P &adhe (che?mpwqther absol ute
val ue of X pldiRtBBRidedONidIAn"BHRATHSHE e ! REPLHER, NAd) BS the embodiments
described for this invention may be used as a step in a data recovery
procedure which is invoked after a data read is performed and an error
is detected. Recompensation of the head offset can be used to optimize
the read detector position with respect to the track and thus greatly

improve the probability that the data can be read correctly.



t hi-s -r.el ati onshi p between the position of the witten track and the :
detector 12 when data is read by adjusting the detector 120Lp0§| TS

read offset. The determination of Xtp and Xtn is done with i l%}Eﬁ, %QEEN
extra detectio uitry. No special relationship between ﬁ's‘né

si gnal from?’hgg 5 %‘rdi ng nmedia and the p?ﬂ?ltlon of the read detector is
contained in the witten data, and therefore, no extra circuitry is
necessary to detect such a-relationship fromthe data. Instead, the
position of the read detector is deter ﬂ?ﬂx by the known rel atlonshlp
between the error rate of the stored dat‘a and the various read offsets.
Determ natton of the error rate requires the read, wite, conpare, and

control fungti onsmé@ioddesh 1akaEitigda W tahavuk 6k Qﬂdﬁ@@éiM: Qtfcbtf‘e'ﬂ daxaaifigital
storage system- Pemflcally t he conpare and control unctlon[}a]ﬂem st in

the m cropr G8EsSEPF3% sﬁs‘if‘dhﬁﬁrt@leaf‘mﬁ EPRIRYORE S BPVHE PHY Wich Filfict i ons
and sui t abl gogitistifg the &tdps bAventi on woul d be the 8051 m croprocessor
fromthe Intel Corporation or one of many equival ents. Additionally, the
present invention's.use of active storage space on the recording nedia is
.only tenporary. cAsntingesutumbet i errersndn riadd t@dpérqmneﬁ%ﬂwtrﬁg@ﬁ%saéﬂace
otherw se ugedilgef lQédﬁﬁ’nOIB)} Qi8R a ddtdckdE land "M ERhiNing hid-R8usa] arequl d be

used for determ™ning the ‘conpensati on.
rate from the counted errors,

adjusting the position of said data detector toward one side of

said data track,

rereading said data, recounting said errors, redetermining said
measured error rate, and readjusting said data detector position to
determine a first relative position, Xtl, with respect to said datq
track, where said measured error rate is substantially equal to a first s

predetermined jerror rate, Rta, and i

adjusting said data detector position according to said first

relative position.
2. A method as claimed in claim 1, further comprising:
periodically redetermining said fivrsk relative position, Xtl, and

readjusting said data detector position according to said

recalculated first relative position.

3. A method as claimed in claim 1 or claim 2, further comprising the

steps of

adjusting the position of said data detector toward a second side

of said data track,
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M croprocessor 25 permanently stores the values of Xtp(tQ and Xt n(tO) The
msall’gnrrent of the detector to the wite transducer is the diffe
bet ween the magni tudes of Xtp(tO and Xtn(tO. Wen abs(
abs(Xtp(tO) the msalicinment is zero, and when the val
t he msallggﬂ%t Ollf (Xtn(to) + Xtp(tO)/ The SA9- 90 071
14 sign of m Sal i gnment determ nes tHe offset directid This is the
read offset which centres the detector at tine (to). The m croprocessor
al so periodically re-determnes Xtp and Xtn while the storage systemis
activated. Xt Q'e@'@gdfg@sé‘{c? ﬂ@éer%mltmersaﬂlhgrrro&'b n.er%dg:e;lrml}lgng ts%:x etc.)
and conditions of the drive operation. ~Each are eter-
m ned, a-AEAPHEIde DI sERLE.0RN Héafia‘l‘%‘féf‘gesr“rlérd%tét ée'feé:tﬂét@tsﬁfﬁﬁﬁ toand the

M Cr opr 0C @e $&¥minB Si rdéebsd tﬂ&ﬂéadﬁ'feeﬁf:@iftwﬁ)mnsa&:.ltﬁnré’@aﬂﬁ bl sha padge the

det ect al th 25
ot ethr il Ry o258 desgreed arran raﬁed 3 b Rantinial’ el e, o poema {7
t2, t3, epeedetérpimadertor roté h®&tb| chndi .e., t0) Xtp and Xtn. The

m croprocessor 25 then correl ates the read offsets to the

adjusting said data detector position according to said first and

second relative position.

4. A method as claimed in claim 3, wherein:
Rta is substantially equal to Rtb.

5. . A method as claimed in claim 3 or claim 4, wherein:
"said adjustment.of said data detector position corresponds to:

abs(Xtl) - abs(XtZ)gl 2.

6. A method as claimed in any ;f claims 3 to 5 including the steps of

periodically redetermining Xtl and ®Xt2, and

readjusting said data detector position according to the
redetermined Xtl and Xt2.

7. A method as claimed in any precading claim comprising

storing a first relative position, Xn(tO), of said detector with
respect to a data track in said storage system, where the measured error

rate is substantially equal to said first predetermined error rate, Rta,

determining a first test position, X1, by adjusting said data
detector position toward one side of said data track, reading said

stored data in said data track, counting ervors from said read data, and

BemlRelmxd
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tenperature, speed of the rotating media, msregistration, or other

physi cal paraneters. Therefore, the m croprocessor can che ‘gvgﬁg A N
new read offset or misregistration is consistent with prevjous gg Set
under simlar conditions. The first enbodi nent of the present_invention is
iIlustrated ggolggphppented in a dedicated gervo type drive systemin figure
4. In this type of drive system the positioning nmechanism?21 |inks two
mechani cal arns. The mechanical arm 9 positions the dual elenent head, and
hence the detector 12. The nechanical arm 47 positions the position sensor
45. Positiodet@ifingta ihSasurkl digdUCRIteSEFIn 84id RoGRSIAUBrvd diliel §afd on to
the detector 12. The detector_12 and. the Bositi%p sensor 45 sense signals
on two di ffBPaFIredi SRST Fakor Bng 18 b TSEtIPNafi < EF e RERIRL GRS 99 CTBot h
medi a rot at eatdout the sanme spindle 41. Position nmechani sm 21 maintains an
adj ustabl e rel dationship between the radial position of the nmechanical arm?9
and arm 47. Reference surface 43 contains sensing patterns which are sensed
by position sengistensining &sacond tese poottivhoihgbyeshadinsiing 1saighdsa

sensi ng pat hetdktor AodiRisd Pret&MiRY {NQ Pl RitaNh EBGHAME M 2Ly determine
where the position sensor is on thée reference surface 43. The position of
t he det ect ofeqenting ipErokhdhAm vidiA Feadheeta + 8nd Hetetiging fgmedfursg esrror

rate from said recounted errors where said measured error rate, Rm2, is

[v)

higher than said first predetermined error rate;

interpolating between said first and second test positions to

determine a current first relative position; and

adjusting said data detector position from Xa(tO) according to said

current: first relative position.

8. A method as claimed in claim 7, wherein

said interpolation results in said current first relative position

being substantially equal to

X2 + ((X1-X2) x dxa); wherein:
dxa=(log(Rml)-log(Rta)) x (X1-X2)/(log(Rml)-log(Rm2)).

9. A method as claimed in claim 7 further comprising:
periodically redetermining said first and second test positions,

- interpolating between said redetermined first and second test

positions to determine a current first relative position; and

adjusting said data detector position according to said current

first relative position.
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becquse a stable relationship is maintained between the detector 12 and the

p05|t|6n sensor 45 through the nmechanical arms 9 and 47, ect é@EJ«
SA9-90- 071 - 15 The stable rel atild H#E‘é% en the
detector 12 and position sensor 45 is conpensated by the jposi bing .|

nechanlsn12%Abq%%%§gonse t o commands fronk he m croprocessor 25. The

m cr opr ocessor termnes an Xtp(tO a an Xtn(tO for the target error
rate by witing data to the recording surface 1 and reading it back through
detector 12 at multiple read offsets. The signal read back goes through the

preamy 35, johe FGlecbd Gl Lidindd ANLILE COHMAL, Bmpl tiingds 1t did 1n the

‘sector servo inplementation. The error in the I'i nkage between the two
mechani cal- arns is then elimnated by adjustlng the arm9 with respect to

the arm 47 so téwrihfe de&@cd Qélélta.-viesp&aﬂoﬁ/\/a)( petynwesn sxaa(de@)ecaadwxm(t O,
giving the detect% §éﬁ?d set of, %tc»+ Xtn(t %g A second

o0 ment T6FbEte Thr SR CLHR R G Lar SR s CoT, Bioe, SandRSHEES P ER
Xtn(t1l) whantxtiy sGhbstamtixdily efalante krewond phedseenikd error rate, Rtb;

determining a third test position, X3, by adjusting said data
detector position toward a second side of said data track, reading said
stored data in said data track, counting errors from said read data, and
determining a measured error rate from said counted errors where said _
measured error rate, Rm3, is lower than said second predetermined error

rate;

. determining a fourth test position, ¥4, by readjusting said data
detector position, rereading said stored data in said data track,
recounting errors from said read data, and determining a measured error
rate from said recounted errors where said measured error rate, Rm4, is

higher than said second predetermined error rate;

interpolating between said third and fourth test positions to

determine a current second relative position; and

adjusting said data detector position from Xb(to) according to said

current second relative position.
11. A method as claimed in claim 9, wherein:

said interpolation results in said curvent first relative position

being substantially equal to:

X2 + ((X;-XZ) x dxa); wherein:
dxa=(log(Rml)-log(Rta)) x (X1-X2)/(log(Rml)-log(Rm2)).

O g R
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enbodi nent can be inplenented on a dedicated servo, sector servo-—es—otiher

U
type of drive systemin a sinilar manner to the first Wémmmmiﬁm
il lustrated above. The particular function of error rat.‘e 1 O RERKALEDS f Sse
depicted in figure 2 for a type or design of drive is d ' "
enpirically. The formof the function wll depend on the design of the
drive and t h#9%P8r¥ldoes not require testiZhg on each drive. Specifically, a
particular type of drive is tested to determ ne how many read errors occur
as a function of the distance fromthe centre of the wite width on the

track to the maxi num all owed, read offset. The magnetic nedia drive which
exhi bi'ts t hEchArdefi &t cdatnpdcin ontadh 1% g hstedR: rate being a |inear
function of the read offset, as shown in figure 2, has the follow ng

characteristics; inch,rotati disk for. stora di aving a. 10
mcron truck wi 5?%1 gﬁge é’iqﬁtél"?r’agges‘gh%ssﬁ%tstag?ecdl r%ﬁ'lltn%elrnfn 6%%)%1 T Cﬁc’rs&rﬁ‘ﬁ%

al | oy, the keizgsehsdpntinldyneapeét beesi stive stripes having effective read
widths of 5.5 microns, and wite widths of 7.5 mcrons, the detection
circuitry is of a conventional peak-detect type, and a typical nisalignnent
bet ween transducers is oﬁzthe((éfgd%?) & x5 Yhegrdns. |

dzga=(log(Rml)~-log(Rta)) x (X1-X2)/(log(Rml)~-log(Rm2));

sald interpolation results in said current second relative position

being substantially equal to:

X4 + ((X3-X4) x dxb); wherein:-
dxb=(log(Rm3)-log(Rtb)) x (X3-X4)/(log(Rm3)-log(Rm4)), and;

said calculation of said second relative position is:

abs(Xtl) - abs(Xt3) / 2. . ' i

13. A method as claimed in claim 12, further comprising:

periodically redetermining said first, second, third, and fourth

test positions;

interpolating between said test positions to determine a current

first relative position and a current second relative position; and

readjuéting said data destector position according to said current

first and second relative positions.

14. A data detection system for reading data from a moving data storage

medium, comprising:
detectof_positioning means coupled to a data detector and connected

to data detection circuitry, said detector positioning means being

adapted to locate said data detector arjacent a data storage medium and

il




SA9-90-071 16 Once the formof the func a

particll ar type of drive is known, the formof that fun EgTﬁhgmmii;n

the m croprocessor 25 of the storage system The unkno Ttﬁr Blges of the
function which determ ne the position conpensation of the deféctor—er-gach
specific drive are obtained by determining Xtp(tO and n(t0) as in the
first enbod$agend-07ihe positioni ng nechanizgm 21 adj usts the detector 12
position by the read offset (determned at (t0)) in response to the

commands of the m croprocessor 25. The m croprocessor 25 then follows the
process shown in Figures 5 and 6 to determne Xnp(tl) and Xm(tl). Figure 5 -
i |1 ustrat ebe tasdupt Geédsdasy ddtiechon Ipositivnaetidnpesmirddté graidinpalipmgin t he

track. Ther&%%ingé% COMRAAS 3 dofNa SUSLEFRREL4LE,S the position of t he
detector to Xp = Xtp(tO and determnes an error rate at that point RnR2.

The error rate at Xp was previously -neasured on the drive to be Rip. Wen
Rt p substanti alkkyore@dades tRBR it Bt ryNES et Se B CENCBE A IdA0a NREESERY L O

the detector position. Wien Ri2 is greater than . Lthen Xp_ is not the
Sane. i ot aFEEREiOHemY SREPE COPPTSO P TSI Ke SR VP SRS BN 31 GRRAI | y
measur ed adekecsjiomtcitbuizrpoandt saidlerown.coridctisn uniktrowrecause a t her mal
or nmechani cal error has been introduced

said counter being adapted, counts errors and transmits a counter

result to said microprocessor,

said microprocessor being adapted to determine a measured error

rate based on said counter result and

to command said detector positioning means to adjust the data
detector position with respect to said storage medium in response to

said measured error rateito maintain a first predetermined error rate.
15. A system, as claimed in claim 14, wherein

said detector positioning means initially places said detector

adjacent a data track on said storage medium containing stored data;

said microprocessor compares said measured error rate to said
predetermined error rate and commands said detector. positioning means to
adjust said detector position based on said comparison when said
measured error rate is not substantially equal to said first

predetermined error rate; and

said microprocessor pericdically redetermines a current measured
error rate and commands said detector positiening means to readjust said
detector position after said adjustment based on said comparison between
said measured and first predetermined error rates until said current
measured error rate substantially equals said first predetermined error

rate.
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intqg the nmechanical system However, because RnR2 is larger than Rtp, and
t he measurenent bei ng performed is on the p side of the track——x2—fttre
current position of the detector corresponding to RmR) is WSHEETO'EWEF-N*
dxp. Additionally, the conpensation system measures a segond HﬁétAQﬂg dat a,
in which the error rate is lower than Rtp. Here the drive
conpensat es hE-990871i on of the detector @s&nown anount from X2, until Rm
is less than Rtp, and denotes this position as X1. Although the absolute
position of Xp(tl) is not' yet known, X2-X1 is known. The neasured val ues of
R, X2-X1, Rn2, and RtE al low a determ nation of dxp through |inear

i nt erpol at | 8f- akdIpEhdetedtdopcrenteneas 6dpinegnin glajp(19.) vhskeingnd X1. \hen
the formof the function rel ating the detector position to the |og of the
error rate is as_shown ure_2, .the inter olatlong dxp =
(60 R12) -1 0g( REBTS HePoRiaResoar Bt tos Ciosal FAFIYS APo5 Cher m Xh gt - e
SA9- 90- 071 said data detector with respectl FoXp dasa ebtpeRShedaid dterage afsdem,and

(XZ X1) beCaHé¥% élmgggﬁrgg egrg§trate is substantially equal to a first

predetermined error rate, Rta;

said microprocessor commands said detector positioning means to
adjust said data detector position to a first test position, X1, where
said measured error rate, Rml, is lower than said first predetermined

error rate;

said microprocessor commands said detector positioning means to
adjust said data detector posiﬁion to a second test position, X2, where
said measured error rate, Rm2, is higher than said first predetermined
error rate;
i
said microprocessor interpolates'between said first and second test

positions to deétermine a current first relative position; and

said microprocessor commands said detector positioning means to
adjust said data detector according to said current first relative
position,

17. A system as claimed in claim 16, further comprising:

a single mechanical arm to couple said detector positioning means

to said data detector, and

a write transducer attached to said data detector by said

mechanical arm.

18. A system as claimed in claim 16, further comprising:

i i ﬁ“"“




position of the detector and it can be noved, if desired, by the known
gqliahfities (X2-X1) and dxp to Xp. The interpolation nethod-w-H ogElale (?n
the characteristic function of the drive system However, Thmmﬁﬁ&?i‘%'
between error rates, higher and | ower than the target error r&E&-AGH a_kn
characteristic function, determne Xtp(tO nuch quicker, b ' '
accuracy, andARPO-Fldwer neasurenents than2dhe conpari son of repeated
measurenents nethod used in the first enbodinent. Figure 6 illustrates that
this process is repeated for the n side of the track. The detector position
is offset to Xn and the error rate nmeasured. If the current measured error
rate is equal to?theshrieashanisal psaster eeurder icoAetasdon RisdbigFingheeansak,
Rt n, then nosgG@Tpensakt&drdrs required. If the current error rate i s higher
than Rtn, it is labelled R, and Xm - dxn = X4.- The position of the
detector is adjusted by (X4-X3), and a new error rate, RnB, is neasured
which is | ower taamriRentrahgducyr astamhetihe paid deta dletector bg waldcfiwdted as:
dxn = (1 og( Rpgbhz ) X (X4-X3) / (log(RmM)-1og(RM)) Xn = X3 - (X4-X3)
+ dxn. Again, agLPn %%Xﬂ is expressed in ternms of X3 and (X4-X3) because
X3 was the last position of the detector 12 and it can be noved, if

desired, by the K@@angmhhﬁi@ai LA t83k ol SR 8O elRor WAL DL 20 iRE theSRs

to a position sensor, said detector positioning means places said

position sensor adjacent a reference media; and

said detector positioning means links said first mechanical arm to
said second mechanical arm wherein said data detector position with
respect to said data storage media tracks said position sensor with

respect to said reference media.

19. A system as claimed in claim 16, wherein

said microprocessor stores a second relative position, Xb(to), of
said data detector with respect' to a data track in said storage systenm,
where a measured error rate is substantially equal to a second

predetermined error rate, Rtb;

said microprocessor commands said detector positioning means to
adjust said data detector position to a third test position, X3, where
said measured error rate, Rm3, is lower than said second predetermined

error rate;

said microprocessor commands said detector pdsitioning means to
adjust said data detector position to a fourth test position, X4, where
said measured error rate, Rm4, is higher than said second predetermined

error rate;

said microprocessor interpolates bhetween said third and fourth test

positions to determine a current seconrd relative position; and
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arg kpown, the detector 12 is placed mdway between Xp and Xn. _ Xnlis
equal to dxp, the detector position has no m salignnent flrmﬂssihEETd#*ﬁ?%No
the wite width of the track. Wen dxn-is not equal to dxp t hestErbMeED
detector 12 is msaligned either to the positive or negat lve~=t t he
track with respect to the centre of the wite width of the track. This
m sal i gnmenrfasiso-alz30 correctable fromthggabove data. The m salignment is
equal to (Xp - Xn) / 2. Therefore, if Xp is greater. than Xn and the

m salignment is positive, the detector is noved in the negative direction
by half the distance between Xp and Xn. Simlarly, if the msalignnment is
negative, the skeitdeni @opirscéarvedcinmahlie sROdideitvetdli pesitionidy miand tiohe

di st ance bej. n. X d Xn. SA9- 90: 07 . . 18 The
accuracy Oa?ﬂ%ﬁﬁg sraégdg aEll:eat gﬁeocrtméaﬁ'ctfg gr?rle"r?t %%esﬁéﬁd%urgﬁnF HETEF S SFSEY of t he
dat a bei ngedebile Brstrionat e can be expressed as the nunber of bad sectors,
bytes, or bits, out of the nunber of read sectors, bytes, or bits
respectively. Enploying conventional ECC circuitry as described here, the
granul ari t3-i s* GAELeR Gk Cidimed iy cdaim lfabfu theamompyising

a single mechanical arm to couple said detector positioning means

to said data detector: and

a write transducer attached to said data detector by said mechanical

arm.
21. A system as claimed in claim 19, further domprising

a first mechanical arm to couple said detector positioning means to

said data detector;

a write transducer attached to said data detector by said first

mechanical arm;

a second mechanical arm to couple said detector positioning means
to a position sensor, said detectot positioning means places said

position sensor adjacent a reference medium; and

said detector positioning means links said first mechanical arm to
said second mechanical arm wherein said data detector position with
respect to said data storage media tracks said position sensor with
respect to said reference media.

22. A system as claimed in claim 21, wherein

said reference medium also functions as said storage medium.

I i =




SRR

i

depending on the drive usage. One block is often 512 bytes which presently
allows 40 to 80 blocks per track on a 3.5 inch disk. Blocks ng aYaaetly
entire sector or a portion of a sector. Gouping nore bits .ﬁhgguﬁerHASB
definition of the error rate nakes the neasurenent easier HecaunertAREPe ar e
| ess errors to tabul ate. However, grouping nore bits in theldefin-tommT 0
error rate n#¥e80t94 granularity larger. Fherefore, the resolution in the
adj ust ment decreases because the error in interpolation gets larger with
the larger granularity in the definition of the end points Rml, Rnm2, RnSB,
and Rmt. Using 3.5 inch magnetic di sk nedia having 20 data sectors per
track (less sectors than typically used), a repeatability of detector
position of +/- 10 ni CRENDNERIGR COMEENSATBICEIN DATA STHACEes¥TEMSYCl e consi st ed
of 5 revolutions, or 100 sectors of data. The variation of error rate may
al so affect the accuracy. The neasurenent tine was approximtely .1
seconds. The tinme between updating_t heaBSFRACDS f set while the drive system
is in operation depends on the thernmal expansion rates of the components in
a drive system In a dedicated servo type drive, the drive requires an
updat e of thelataastayResEyshphusE BPYINGy &Foy afp e GHm Iqudskin mepsrefs prd
twenty m nué&%raiélgf F&ﬁb’&%hf& $Br A rRYE a¥d R AR Y dHINEE &Y st e r@al faficidh

e

third enmbodi t resent. i nventj on retains good throughput
ogn%ge égta etégtor Jlth respect to the writtenh data. Thé% QS

accomplished by measuring the error rate of the written data as a
function of the read offset of the detector. Error rates become
increasingly large as the sensed noise to signal ratio becomes large.
The number of errors detected in reading written data for various read
offsets when the data storage system is initially activated is counted.
When the number of errors reaches a target rate, -the read offset
required to produce the target rate is saved. This procedure is
performed on either side of the data track, The detector is then
centered between the two offsets. During the operation of the storage
system, thermal and mechanical errors are introduced into the detector
position compensation means. The present invention compensates for this
by periodically determining a new offset for each side of the data
track. The new offset which corresponds to the target error rate is
found by interpolating between measured nffsets for error rates which
are higher and lower respectively than the target error rate. The new
measured read offsets are obtained by reading back written data in a
similar manner as was used to obtain the initial read offsets. The
detector is then recentered with respect to the write transducer

position between the new offsets on =ither side of the data track.

T
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@g@éﬁ?lity whil e cal cul ating a new position conpensation from sector data.
Thé: tfii rd enbodi nent is be inplenented on a dedi cated servo or other type
of drive systemin a sintlar manner to the first and second enbodi nents of
the present invention illustrated above. In the third enbodi nent, when

cal cul ati ng conpensation, an error is detﬁﬁied when a sector is read and
the error correction code syndrone (generidt®d fromthe error correction
code circuitry and software) indicates that an error exists. The error
correction code syndrone is known i medi ately after the sector is read. If
the syndrone has either a zero or clear SA9- 90- 071

19 state, then there are no errors in the sector. If the syndrone has -a
non-zero state, an error is detected for the sector. The error correc- tion
code software is not used to correct the sector error because this takes
much | onger than i i nting it.

The third enbodigrent utildses error rates close to the unity sectoy failure
rate to determne the |opgations or offsets for the edges of the dafa tragk
whi ch are subseq entlyﬁyé?d to cal cul ate the 5~
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pbsitiﬁn of fset conpensation. A unity failure rate denotes when all the
sectors read on a track have errors in them For exanple, if 48 sectors on
atrack are read and all 48 sectors are in error, then the offset at which
the track is read, is the offset for the unity failure rate. The third
enbodi ment perforns position offset conpensation for a head when any of
three conditions are net. They are: 1) aft?y a pre-set nunber (Y1) of
normal |y read sectors contain an error, 2)"a pre-set tine has el apsed, or

3) after a pre-set nunber of sectors have been read. The head is
repositioned after any one of these three events according to two single _
direction edge searches.. An edge is the position offset at which the nunber
of errors is approximately equal to a pre-set threshold ([err]). That is,
an edge is the position where the errors in error correction code syndrones
have been invoked on [err] sectors out of the total nunmber on the track. -
The position offset dictated by the threshold [err] is allowed to change
for different recording surfaces ey at different radii on a recording:
surface. The offset values are saiéd for use in the next update of the head

position conpensation. Ty Xthe error @te target [err} remains
constant. In performng a hea sition congEnsation, initiQlly a single
direction edge search provides an war ds either taAsefrimor hub
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t he re%ording surface) which is saved for use in future cal culations of the
head position which is expected to produce nore than Y errors. 2 Wien nore
than Y2 errors are detected at this offset, the offset is gradually
decreased until less than (or equal to or wt }8 a prescribed range of) Y2
errors are detectegw. If _less than [err] error'stare initially detected, the
of fset is graduall y¥ nc{eased unt}l nore than (or equal to SA9- 90- 071

20 or within a pre rtggd range of) [err] errors are detected. The edge
search determ nes ége ositiof offset of one side of the track (toward the
hub or rim where the nunb¢r rs approximately e -
edge search noves fom the pogition towards the pdge in a single

di rection because t@Pe erro g? s lcenstantly increas|ng orgﬁecreasi

with respect to the offset]i ea around the saved head>position
Subsequent updates of the g

position as a startingpg fs
posi tions. o~ =

r
ion utilise thg,last sawed edge
ddterm ning the SquequenQSedge
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Thi s ®dge search is conpleted on the positive side track edge and on the
negative side track edge. Subsequent updates utilise the saved offset for
the track edge to save update tine. The conpensation cal cul ated fromthe
track edge head positions, place the head on the track based on previously
set criteria. The criteria here may be as sinple as the average of the
positive track sjde offset and the negativelt/fack side offset. The criteria
may be nore el aborat Fana nay pntroduce the conpensation required to
account for theyyriteyzetemgnt—to read el enent offset. The conditions which

initiate the repdsitfoni ngdof the head in the third embodinent are
typically that the errofs—detected exceed 10 ([ef | ast
reposi tioning, the tine between repositioning is|3 ninutes, and 3) that
the total nunber=sof secto E§ regﬂ ince the |ast repositioging is 2404. The
dual single edge search=s<a l'eted in approxi mately g%l second$ which
is approximately 99. 37 tgﬁou p for 3 mnutedi integyals. [erf] may
be varied for each drfve é?égﬁge esign specifigdti¢n goafi for thefdrive.
A nore el aborate crfger{a=or calfcul ati ng conpensation inS@Ives t abyl ati ng
sector failure rate or error ratg data f@ sectionsjof the.track. This
woul d be perforned to c repe('zrtable r prrae 8
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céndi t1 ons. Repeatabl e run out is defined as when a recorded track no

. lenger appears concentric to the centre for a head which is trying to

21 read the track. The offset
conpensation for the sections would be cal cul ated exactly as described for
whol e tracks in enbodi ment three. Additionally,
the wite el ement of a MR head may be perfpgmed providing a conpensation

SA9- 90- 071

val ue which is preset or predetermr
of the enbodi nents described for thils
data recovery procedure which is in
an error is detected. Reconpensatio
optim ze the read detector position
greatly inprove the probability tha

of f set conpensations using

odi nent one. Further, any
y be used as a step in a

okest;tefoa data read is perfornmed and
h of t
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1. A nmethod for placing a data detector adjacent stored data in a data
storage system conprising: counting a nunber of errors in data read froma
data track in said storage nedia by said data detector and determ ning a
measured error rate fromsaid counted errors; adjusting the position of
said data detector toward one side of said data track; rereading said data,
" recounting said errors, redetermning sai d Measured error rate, and
readj usting said data detector posifion to deterpine a first relative
position, Xtl, with respect to said dBFESEifadif) ere said neasured error
rate is substantially equal to a fifst pyedeternined error rate, Rta; and
adj usting said data detector positi onMggsghgl ng fo said first rel atllyglG 6
position. 2. A et hod for placing a etecfor adjacent storedld o
a data storage system as in claimll, ER&@RhBATEo pri si ng: adj usting the
position of said data detector towart—a—segore de of said data track;
rereading said data, recounting said error§, redetermning said neasured
error rate, and readjusting said data detécter position to determne a
second rel g X @i d data track, where said

measured ejror ratBON{Zsubsta tia . seegnd predetern ned error
rate, Rtb; according to said
first and second reratrve gd for placing a data
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system  as in claim1l, further conprising: periodically redetermning said
first relative position, Xtl, and readjusting said data d &5LQ% leli]
according to said recalculated first relative position. 4 ri—m%@f
pl acing a data detector adjacent stored datfa in a data stjofa t S
in claim2, wherein: Rta is substantiall ygiaqual to Rt b. 22?5%@ %gﬁet nqd
for placing a data detector adjacent stored data in a datjal em
as in claim?2, wherein: said adjustment of said data detdctPg fRsp=boR-4
corresponds to: (abs(Xtl)-abs(Xt2))/2. 6. A nmet hod for plractng a dat=
det ect or FHRERROR COMBENSATED IN DIATA STORAGE SYSTEMS as in claim 2,
further conprising: periodically redetermning Xtl and Xt2; and readjusting

said data detector position according to said redetermned Xtl and Xt2. 7.
A et hod fA‘ﬂS’PﬂKé‘i‘ng a data detector adjacent stored data in a data storage

=

A data storage system using a moving storage medium (1) quickly measures and accurately
compensates for thermal and mechanical errors in the position of the data detector (12) with
respect to the written data.. This is accomplished by measuring the error rate of the written

data as a function of the read offset of the detector (12). Efror rates become increasingly large
as the sensed noise to Signal mﬁo becomes large. The number of errors detected in reading
written data for variou§ read offsets when the data storage system is initially activated is

counted. When:the number of errors reaches a target rate, the read offset required to broduce )
the target rate is saved. |

Fig.3
-
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syste-;i;g-_-gorr'pri sing: storing a first relative position, Xa(tO), of said
detector with respect to a data track in said storage system where a
measured error rate is substantially equalgto a first predeterm ned error
rate, Rta: determining a first test position, X1, by adjusting said data
detector position toward one side of said data track, reading said stored
data i n sai tb emhshalf af khe testunadkngThe datasdetacton pesiodicaldn detuians o thertest track to
determ ning a nmeasured error rate fromsaid counted errors where said
measur ed er Fesd thatrefergmee signal. olier fing apsitiening fRgass cpmpenseiss i pesiten of the
rate; determining a second test position, X2, by readjusting-said data
det ect or po¥RBIdYRer P%tllleg’ﬂi frequencyy of ¢ ¢ deferenes s;gpagéqtﬁexﬁgyathgrm,ucer is the
recounting errors fromsaid read (dat and, det er.m ni a neasured error .
rate from s raécé}ﬁrﬂrsﬁ‘og ¥ oFsedher esaﬁ"ﬁl%a?‘é‘ﬁ’r s 39?%P¥$tg? Ique.fs thag it
hi gher than kg f LSk _prede Wy r QI ol NLErpolating.: bet id
first and sé%@#gstgél@ﬁ%gsﬁ?&i %ﬁéﬁtvo%ge ér%{“ﬁ%aﬁ&%ﬁr r%‘ntﬂ?ef |fral;sltl glaatf}"\%@@néf
position; a ﬁ&{?ﬁ& ' ' t Ll lifidgon from Xa(t O according
to said cur?{eg(r:lt Hésljt’ @Qg@%??h&g@&ﬂftéi on.&gc.epﬁéé,&ﬁdrrlgt hod for placing a data

\Cliﬁte(r?git gr adj acegkerat Sir@flryafsaetpensive Al THAUARS Eritfdaf Bpa@S ih Nedihpct drives.
Additionally, the servo compensation is limited in accuracy to the linear function of the
frequency of the reference signal across the track. Given the dimensional sizes of tracks
and errors, this linear function is not sensitive enough in many cases. |

A second method used by the prior art to compensate for the position érror of the
detector is to reserve sections of individual data tracks for writing special patterns. In
particular, the special patterns would return analog signals having a particular amplitude
depending on the position of the transducer with respect to a reference point. The
reference point would be the centre of the written track, and the signals would be written
onto each of the opposing halves of a written track. When the read transducer passes
over these signals, the position of the read transducer will be compensated until the
amplitude received from the signals. on each half of the track is equal. The difficulty
with this technique is that, as above, extra circuity in the form of analog detection
circuitry is required. Additionally, the space on the recording medium reserved for the
special signals radius the space available for data storage.

SUMMARY OF THE INVENTION
- It is accordingly an object of the present invention to provide a data storage system
in which these difficulties are avoided.

According to one aspect of the invention there is disclosed a method for placing a
data detector adjacent stored daté in a data storage system, comprising: counting a
number of errors in data read from a data track in said storage media by said data

detector and determining a measured error rate from said counted errors; adjusting the

REPLACEMENT SHEET |
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24 said ianterpolation results in said current first relative position being
substantially equal to: X2+((X1l-X2)xdxa); wherein: dxa=
(log(RmM)-log(Rta))x(X1-X2)/- (log(RM)-lagg(Rm2)). 9. A et hod for
pl acing a data detector adjacent stored data in a data storage system as
inclaim?7, further conprising: periodically redeternmning said first and
second t est peritgon obssid data elepestonttowgrdreneneidn of Maifl datdcraskrirersading rsaid dard,
second test positions to determine a current first relative position; and
adj usti ng sEicQuURiigasaid eEOte rediRIMingy saiddneasied arrer Jaied ard Feadipistipg said data
relative pogition. 10. A nethod for_placing a data gdetector adjacent, stored
ot i na’ odeteciSr pesigon dy Feseting, & St Retie, Postion i, ol rrrHg o SHiBrdavt a
second rel ajive sitign. Xb(t.O) . of, sai et.ector with respect ta a data
rack i sarratic Bt st ucaitiel shror duis F nSho L. Bval 4o 8 At SR whtindy p3pT
equal to a omd..p Lped. erqy ar X | i '
posi tion, X%?g’b;w%td%ﬁ&sit | gsms1 i%lcgé{a% gé‘?{:a@{ ﬁ%gg?ﬁcgéﬂ%&g?s&?datfggﬂég%lgﬁzél de
of said datﬁogiﬁ&gk, readi ng said stored data in said data track,
According to another aspect of the invention there is disclosed a method for placing
a data detector adjacent stored data in a data storage system, comprising: storing a first
relative position, X,(t0), of said detector with respect to a data track in said storage
system, where a measured error rate is substantially equal to a first predetermined error
rate', Rta: determining a first test position, X1, by adjusting said data detector position
toward one side of said data track, reading said stored data in said data track, counting
errors from said read data, and determining a ‘measured error rate from said counted
errors where said measured error rate, Rml1, is _ilower than said first predetermined error
rate; determining a second test position, X2, by readjusting said data detector position,
rereading said stored data in said data track, recounting errors from said read data, and
determining a measured error rate from said recounted errors where said measured error
rate, Rm2, is higher than said first predetermined error rate; interpolating between said
first and second test positions to determine a current first relative position; and adjusting
said data detector position from X,(t0) according to said current first relative position.
According to still another aspect of the invention there is disclosed a data detection
system, comprising: detector positioning means coupled to a data detector and connected
to ‘data detection circuitry, said detector positioning means places said data detector
adjacent a data storage media and adjusts said data detector position with respect to said
storage media in response to commands from a microprocessor; said data detector senses
signals on said storage media and transmits those signals to said data detection circuitry

which extracts data from said signals; error correction circuitry connected between said

data detector circuitry and a counter which receives data from said data detection
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countingserrors fromsaid read data, and determ ning a nmeasured error rate
fromsaid counted errors where said neasured error rate, RB; is |ower than
sai d second predetermned error rate; detegmning a fourth test position,
X4, by readjusting said data detector position, rereading said stored data
in said data track, recounting errors fromsaid read data, and determ ni ng
a neasured eirewitryrandedetectsrersaisdn seidalata, sdidesrrasr eorightor cigelitty traasmited signabr
rate, Rm, is higher than said second predeterm ned error rate; )

i nt er pol at i #Q SBisk gewHers 501 eaghy PH saidderrensy saidt eanigso SPRRESHRY befwger Seid gEon
current second rel ative position; .and 25 adjustjng said data detector
posi tion frSATSEHANCHTETYy Yid 3714 FUTQPEPCESIPE. HOURS SBldITQrs 2Rt | HABSIHHS ArGoyRter
11. A nethod for placing a data detector adjacent stor data in a data.
stor age. sysfetht GLsaif mbheBratedn e HhiBropRieSER horfiPb o ol Lo i & ¢

ot e o) BetobfS it fonfild blch ) B R hERLIA' Lo M8 bk on said counter

result; and said microprocessor commands said detector positioning means to adjust said

data detector position with respect to said data storage media in response to said
measured error rate to maintain a first predetermined error rate. |
DESCRIPTION OF PREFERRED EMBODIMENTS
Figure 1 illustrates the interrelation of various physical regions on a recording
media of the present invention.
Figure 2 illustrates the error rate of a rotating storage media as a function of the

. read offset associated with the detector in the present invention.
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dxa=(l ogG¢Rm )-log(Rta))x(Xl -X2)/- (log(Rm)-1og(RM)). 12. A nethod for

pl acing a data detector adjacent—stored data in a data storage system as
in claima1l0, i 1Gim pol ation gzesults in said current first

rel ative posi mmﬂ"a‘m]mmﬁﬂmbal ly equal to: X2+((X1l-X2)xdxa); wherein:
dxa = (log(Rm ) -4 og(Rta)nx +X2)/- (log(RM)-log(RM)); said
interpolation results in said current 43e&BMSrel ative position being
substantially equal to: X4+((X3-X4)xdxb); wherejn: dxb = )

(1 og( RiB) - 1 og( Rlh) ) R(mathed)for placig Regi- d%ifémyqenhﬁfe{eds%tﬂ ip 4 dakr starege of
sai d second r&l ative ggosi.tion I 5: (abs(Xtl)-abs(Xt2))/2. 13. A nethod for
pl aci ng a d¥EHORRAEIEadj acent stored data in a data storage system as
inclaimll, fug hing & Hiiger 0P SrroftSih! 3 684 libn! § A5 GFATTh Wha SR Ed bkl Y

second test posi
said data detector and determining a measured error rate from said counted errors;

adjusting the position of said data detector toward one side of said data track;

rereading said data, recounting said errors, redetermining said measured error rate,
and readjusting said data detector position to determine a first relative position, Xt1, with
respect to said data track, where said measured error rate is substantially equal to a first
predetermined error rate, Rta; and

adjusting said data detector position according to said first relative position.

2. A method for placing a data detectof adjacent stored data in a data storage
system, as in claim 1, further comprising:

adjusting the position of said data detector toward a second side of said data track;

rereading said data, recounting said errors, redetermining said measured error rate,
and readjusting said data detector position to determine a second relative position, Xt2,
with respect to said data track, where said measured error rate is substantially equal to a
second predetermined error rate, Rtb; and

adjusting said déta detector position according to said first and second relative
position. _

3. A method fbr placing a data detector adjacent stored data in a data storage
system, as in claim 1, further comprising:

- periodically redetermining said first relative position, Xt1; and

readjusting said data detector position according to said recalculated first relative
position. _

4. A method for placing a data detector adjacent stored data in a data storage

system, as in claim 2, wherein:

Rta is substantially equal to Rtb.
REPLACEMENT SHEET

Fn Ju 199 |

p—— L




REPLACEMENT SHEET 26 interpolating between said redeterm ned test
positions to determne a current first relative position; and readjusting
said data detector position according to zaid current first relative
position. 14. A nethod for placing a data detector adjacent stored data in
a data storage system as in claim12, further conprising: periodically
redet erm ni ng si d Aimethod fer plgingt :idp@, desaetors asliacent staeed dataiin pgfpda storage

i nt erpol atioglg bet ween said test. positions to determine a current first

rel ative poPlErbRSdngladmdshertilsecond rel ative position; and readjusting

"ol ative posi 1 Bifkadaament B A G dBRroh paPUoL FtreBR ! ng: “det cctor
posi tioni ng ma@?s@&ﬂ%b%@(%@/@ data detector and connected to data
r tec

detection circu . ‘sal tor positioning nmeans places said data

detector adjacegt axdat@odieF ﬁﬁeug:,ggmamj H54cenf RofbdOdHiA it 8t B84 Sforage

position with respect to said sto
system, as in claim 2, further comprising:

periodically redetermining Xt1 and Xt2; and

readjusting said data detector position according to said redetermined Xt1 and Xt2.

7. A method for placing a data detector adjacent stored data in a data storage
system, comprising: '

storing a first relative position, X,(t0), of said detector with respect to a data track
in said storage system, where a measured error rate is substantially equal to a first
predetermined error rate, Rta:

determining a first test position, X1, by adjusting said data detector position toward
one side of said data track, reading said stored data in said data track, counting errors
from said read data, and determining a measured error rate from said counted errors
where said measured error rate, Rm1, is lower than said first predetermined error rate;

determining a second test position, X2, by readjusting said data detector position,
rereading said stored data in said data track, recounting errors from said read data, and
determining a measured error rate from said recounted errors where said measured error
rate, Rm2, is higher than said first predetermined error rate;

interpolating between said first and second test positions to determine a current first
relative position; and

adjusting said data detector position from X,(t0) according to said current first
relative position.

8. A method for placing a data detector adjacent stored ldata in a data storage

system, as in claim 7, wherein:

B
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medi"a i n*response to conmands froma m croprocessor; said data detector
senses signals on said storage nedia and transmts those signals to said
data detection circuitry which extracts daa fromsaid signals; error
correction circuitry connected between said data detector circui taydatnd ?
nter which recei.ves data frqom sai d data detection circuitry an etects
g?lrjor s in said terpg %‘ogrrFﬂﬁtSc’@rﬁa&FPEPPtcﬁﬁsEWW‘@ Positinrbeisg substamtiallyt o
sai d count el fpr each of said errors; said counter, connected between said
error correcquf"g{?’ci rcuitry, and said mcroprocessor, counts said errors and

transmts a coug%grég{p_?é:);dﬁg \ﬁfi‘ér -nm' croprocessor; said m croprecessor,
unt'éf an

connected to sai sal d detector positioning neans, determ nes a

measured error dﬁiﬁlggggﬁ)ggg(gﬁgg(@q%w result; and 27 said
nds sai e

m croprocessor comma ector positioning means to adjust said data

detector positi(ep(Rudl)-168RAEY)). t0 said data storage nedia in response to
sai d neasured e(rkggor rz—teg(to n%i ntain a first predetermned error rate. 16.

A data detectidh syAtmethodSor placingi anddth dewofdr Qidfticeitit6hed Uahl Ph dALSsibiAR1 NI
means initially places said detector adjacent a data track

system, as in claim 7, further comprising:

periodically redetermining said first and second test positions;

interpolating between said redetermined first and second test positions to determine
a current first relative position; and

adjusting said data detector position according to said current first relative position.

10. A method for placing a data detector adjacent stored data in a data storage
system, as in claim 7, further comprising:

stoging a second relative position, Xj(t0), of said detector with respect to a data
track in said storage system, where a measured error rate is substantially equal to a
second predetermined error rate, Rtb;

determining a third test position, X3, by adjusting said data detector position
toward a second side of said data track, reading said stored data in said data track,
counting errors from said read data, and determining a measured error rate from said
counted errors where said measured error rate, Rm3, is lower than said second
predetermined error rate;

determining a fourth test position, X4, by readjusting said data detectof position,
rereading said stored data in said data track, recounting errors from said read data, and
determining a measured error rate from said recounted errors where said measured error
rate, Rm4, is higher than said second predetermined error rate;

interpolating between said third and fourth test positions to determine a current

second relative position; and
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on said storage nedia containing stored data; said m croprocessor conpares
said neasured error rate to said first predeterm ned error rate and
commands sai d detector positioning nmeans 260 adj ust said detector position
based on said conparison when said nmeasured error rate is not substantially
equal to said first predeterm ned error rate;, and said m croprocessor

peri odi cal |y r @dBstingssid<a defegtanposidan QPEUXG&Q)O?CCPEF{I& 3 82id grviEeRE secoafl d
det ect or posi tioni ng means to readjust said detector position after said
adj ust ment 'BAY¥IPRRAULi d conpari son between sai d nmeasured and first

SUbst ant{ al 1y dduard Tafa Ft eciBf ot okfERln TRPHH orBl Bl ih Batg gorage
detection ygtem ?‘f"‘hﬂngkgjf‘%‘é’ wherein: said mcroprocessor stores a

first relative position, of said data detector with respect to a

data track in $gqdintdrpblatsn 2e681t8Th sWidCilredt TRASIIANe Position! Bilify sibstantially
substantially equal to a first predetermned error rate, Rta; said

m croprocegg@dl tommands sai d detector positioning means to adjust said data
detector position to a first test position, X1, where said neasured error
rate, Rnl, is [Xdme(XI1H$R)>xdaa) whereit: predeterm ned error rate; said

m cr opr ocessor commands sai d detector positioning neans to adjust said data

det ector positizQn_ > gehEion, X2, where said neasured error
~rate, RnR, is ﬁ?ghgggmgc@?%&ﬁ?%?%}edet erm ned error rate;
(log(Rm1)-log(Rm2)).

12. A method for placing a data detector adjacent stored data in a data storage
system, as in claim 10, wherein:

said interpolation results in said current first relative position being substantially
equal to:

X2 +((X1-X2)xdxa); wherein:

dxa=(log(Rm1)-log(Rta))x(X1-X2)/-

(log(Rm1)-log(Rm2));

said interpolation results in said current second relative position being substantially
equal to:

X4 +((X3-X4)xdxb); wherein:

dxb=(log(Rm3)-log(Rtb))x(X3-X4)/-

(log(Rm3)-log(Rm4)),
and;

said calculation of said second relative position is:

(abs(Xt1)-abs(Xt2))/2.

13. A method for placing a data detector adjacent stored data in a data storage
system, as in claim 11, further comprising:

periodically redetermining said first and second test positions;
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sai 8 m croprocessor interpolates between said first and second test _
positions to determne a current first relative position; and 28 said

m croprocessor conmands said detector posiéioning neans to adjust said data
detector according to said current first relative position. I18. A gata I
detection system as in claim17, further conprising: a single nechanica
armto coupl>/e s‘é}':eﬁp‘?iétﬂ‘&:?weﬁ%§?lfiiréﬁ?‘?@“ﬁ%ﬁf‘g)?@s@%sdmd@ﬁtﬁﬂd@@ @cqusrent dinst a
wite transd cer att.ached to said data detector by said mechanical arm 19.
A data det efsfailéfﬁpey Brdfys in claim 17, further conprising: a first

mechani cal arm . | e_.gal,d. detect or sitionifng neans, to said data .
detector; a w il{egdjﬁ é*g%s gﬁl e'?gﬁtfe;%cﬁ%d p?ﬁﬁ%ia&ccgg{r% {feSaid: Ghrress géﬁtdr.e?ﬂqfv&
mechani cal psfion2 second nechani cal armto couple said detector positioning
means to a position sensor, said detector positioning nmeans places said
posi tion sensori4adj RGR&thod féﬁfwﬁéiﬁgcﬁm%%ﬁ%jé&@ﬁtﬁ;t&%ﬁ%hofn Rt L9RRY
means |inks said first nmechanical "armto said secon

system, as in claim 12, further comprising:

periodically redetermining said first, second, third, and fourth test positions;

interpolating between said test positions to determine a current first relative
position and a current second relative position; and

readjusting said data detector position according to said current first and second
relative positions.

15. A data detection system, comprising:

detector positioning means coupled to a data detector and connected to data
detection circuitry, said detector positioning means places said data detector adjacent a
data storage media and adjusts said data detector position with respect to said storage
media in response to commands from a microprocessor;

said data detector senses signals on said storage media and transmits those signals
to said data detection circuitry which extracts data from said signals;

error correction circuitry connected between said data detector circuitry and a
counter which receives data from said data detection circuitry and detects errors in said
data, said error correction circuitry transmits a signal to said counter for each of said
errors;

said counter, connected between said error correction circuitry, and said
microprocessor, counts said errors and transmits a counter result to said microprocessor;

said microprocessor, connected to said counter and said detector positioning means,

determines a measured error rate based on said counter result: and
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meckani cal arm wherein said data detector position with respect to said
data storage media tracks said position sensor with respect to said .
reference media. 20. A data detection sys@em as in claim17, wherein: said
m croprocessor stores a second relative position, Xb(tO, of said data

detector with respect to a data track in said storage system where a
neasured error ?aé‘ﬁ)énlf:?pgmstoéﬁf’fnﬂar‘&ds éaaéfetqcéprap%gwaﬁu Heasde adiysh said edatar

i st sai ot 9ere” B QAR RRbe HRR Beid ol Dl RoRerke st erwre o
measur ed er &by {28 fy main b FirsQ &et&ﬁﬁﬁfe%%{r%clfagecond predeterm ned error

rate; said m croprocessor comrands sal 0 I positioning nmeans to

adj ust said dat g6 dehQfDaetBRntsyHBmt As I EIRIN 15, WRSEIPOS tion, X4, where

sai d measured error rate, Rm, Ts higher than said second predet er m ned
error rate; saishidrideeor Posisiofing MéRls Fiﬁitﬁll??lé?:@i wae rHe&%tdi‘_JdFﬁcEHt é"agtaf ﬁ’htgégh
test positions to deternmne a current second relative positfon; ant .
sai d ni cr opomsad swrageanedia dontaiming sietedalagy; posi tioning means to adjust said
data detector according to said current first and second rel ative

posi tions. said microprocessor compares said measured error rate to said first predetermined

error rate and commands said detector positioning means to adjust said detector position
based on said comparison when said measured error rate is not substantially equal to said
first predetermined error rate; and

said microprocessor periodically redetermines a current measured error rate and
commands said detector positioning means to readjust said detector position after said
adjustment based on said comparison between said measured and first predetermined
error rates until said current measured error rate substantially equals said first
predetermined error rate.

17. A data detection system, as in claim 15, wherein:

said microprocessor stores a first relative position, X,(t0), of said data detector
with respect to a data track in said storage system, where a measured error rate is
substantially equal to a first predetermined error rate, Rta:

said microprocessor commands said detector positioning means to adjust said data
detector position to a first test position, X1, where said measured error rate, Rm1, is
lower than said first predetermined error rate;

~ said microprocessor commands said detector positioning means to adjust said data

detector position to a second test position, X2, where said measured error rate, Rm2, is
higher than said first predetermined error rate;

said microprocessor interpolates between said first and second test positions to

determine a current first relative position; and

—_—
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21. <A data detection system as in claim?20, further conprising: a single
mechani cal armto couple said detector positioning neans to said data
detector; and a wite transducer attachedz2g o said data-detector by said
mechani cal arm 22. A data detection system as in claim20, further
conprising: a first mechanical armto couple said detector positioning
means to said dsaich nuieropracessor gommangs siid riethgtos ipositionisigaueans te &dilistisaid data
detector by said first nechanical arm a second nmechanical armto couple
sai d det ect $teqiracPEstng ip s parrens fiystyslative Bpsitidthsor, sai d det ector

posi tioning nea places said position.sensot_adjacent a.reference nedia;
and sai d det ect 0% pésf}%f%ﬁ?%@watﬁ@’ @ Hk@a%ﬁé %&ﬁ%ﬁ%’?ﬁ'cal armto said

second nmechani cal . arm wherein sai d data d ] respect. to
ai d data st or e RReRpTdl SR o Bhe kol Boliibt dblds: ;BT gelf
ref erence | . A data detection system as in claim?2l, wherein: said
data detector and said wite transducer are selected fromthe group of

magneti ¢ transdyGefis uahsdbér fRkhePRSAiSdat? detedo’By $hidl RleBRidiQN aPiSt €M as in
claim?22, wherein: said data detector and said wite transducer are
selected fromti® gAQaE ddtedtRAgStem, bs anclgine €7 SfubtheO¢msriingsensor s.

a first mechanical arm to couple said detector positioning means to said data
detector; -

a write transducer attached to said data detector by said first mechanical arm;

a second mechanical arm to couple said detector positioning means to a position
sensor, said detector positioning means places said position sensor adjacent a reference
media; and

said detector positioning means links said first mechanical arm to said second
mechanical arm wherein said data detector position with respect to said data storage
media tracks said position sensor with respect to said reference media.

20. A data detection system, as in claim 17, wherein:

said microprocessor stores a second relative position, X,(t0), of said data detector
with respect to a data track in said storage system, where a measured error rate is
substantially equal to a second predetermined error rate, Rtb;

said microprocessor commands said detector positioning means to adjust said data
detector position to a third test position, X3, where said measured error rate, Rm3, is
lower than said second predetermined error rate;

said microprocessor commands said detector positioning means to adjust said data
detector position to a fourth test position, X4, where said measured error rate, Rm4, is
higher than said second predetermined error rate;

said microprocessor interpolates betweén said third and fourth test positions to

determine a current second relative position; and
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25. A data detection system as in claim22, wherein: said reference nedia
al so functions as said storage nedi a. SA9- 90- 071

30 said m croprocessor conmands sai d detewt or positioning neans to adj ust
said data detector according to said current first and second rel ative
positions. 20. A systemas clainmed in claim19, further conprising a single
mechani cal ar mSel TéIpPrOCesIP coEmandsoaih deteetph ppsitoniag means tas adjustdsaidh data

det ect or; wite.transducer attached to said data, detector by said
nmechani cal a‘{[%&?‘?‘%’r?f‘.’or g 10;Saj crerey E‘F%Hgﬁ??oeﬁé%ﬁﬁlmosft!ﬂnﬁher conprising a

[ [ 1 d de: . i.tioning. I d dat
detctor o wr e SHBARREROR SRR & SR 2 AR OBt by said f1rst
mechani cal - army gin3fChRhARGMANCR) cliplt SBaSRIRLE SRhls! GRLL P38 i N9

neans

detector; and

a write transducer attached to said data-detector by said mechanical arm.

22. A data detection systém, as in claim 20, further comprising:

a first mechanical arm to couple said detector positioning means to said data
detector;

a write transducer attached to said data detector by said first mechanical arm;

a second mechanical arm to couple said detector positioning means to a position
sensor, said detector positioning means places said position sensor adjacent a reference
media; and

said detector positioning means links said first mechanical arm to said second
mechanical arm wherein said data detector position with respect to said data storage
media tracks said position sensor with respect to said reference media.

23. A data detection system, as in claim 21, wherein:

said data detector and said write transducer are selected from the group of magnetic
transducers or optical sensors.

24. A data detection system, as in claim 22, wherein:

said data detector and said write transducer are selected from the group of magnetic
transducers or optical sensors.

" 25. A data detection system, as in claim 22, wherein:

said reference media also functions as said storage media.

-
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to a position sensor, said detector positioning means places said position
sensor adjacent a reference nedium and said detector positioning neans
links said first mechanical armto said second mechanical- arm wherein said
data detector position with respect to ggid data storage media tracks said
position sensor with respect to said reférence media. 22. A system as
claimed in claim?21, wherein said reference nedium al so functions as said

st orage nedi um
THE ERROR COMPENSATED IN DATA STORAGE SYSTEMS

ABSTRACT
A data storage system using a moving storage medium (1) quickly measures and accurately
compensates for thermal and fnechanical errors in the position of the data detector (12) with
respect to the written data. This is accomplished by measuring the error rate of the written
data as a function of the read offset of the detector (12). Error rates become increasingly large
as the sensed noise to signal ratio becomes large. The number of errors detected in reading
written data for various read offsets when the data storage system is initially activated is
counted. When the number of errors reaches a target rate, the read offset required to produce
the target rate is saved.

Fig.3
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