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This invention relates generally to the field of data storage and 

retrieval. More specifically, the invention relates to memory apparatus 
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 transiticins are placed on the 
surface by a magnetic 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 magnetic field causes magnetisation to remain after the field 

I 

is removed, retaining information as binary information in the polarity 
reveq;als, or transitions. The transducer may also act as a detector to 

··detect data stored as .magnetic transitions by sensing a magnetic field 
em.anating 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 writ.ten data. When' the transducer 
detects previously written data on tho:' lllP.clium, the transducer is said to 
have read the storage data. Jn general. systems for storing and 
retrieving information from magnetic mi:?d;i.a 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 (typkally information is recorded on 
both an upper and lower surface of a disc), and thick enourrh to resist 
deformations caused by external forces such as clamping. A central hole 
in the disc is typically·called n hub, is where the disc attaches to a 
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motor, through an axis, which provides power to rotate the-·disc. A 

transducer or head is flown on either or both surfaces of the rotating 

disc. The head is flo~n because when the recording me6ia rotates, it 

creates air movement under the head which physically lifts the head off 

the surface of the disc. The head remains close enough to the surface 

so that the.magnetic field generated by the write 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 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 traclcs concentric with the hub 

as a result of the radial motion of the tt·ansducer and the rotation of 

the disc. A track is an area which forms a concentric band, having a 

wic\th which is generally larger than the width of the write transducer, 

about the hub. 

Data is read using the: same motion of the detector with respect to the 

recording medium as when the data is · .. rritten. However, ii1 order to read 

previously written data, the read transdttcer, or detector, must be 

positioned over the tracks on the recor<Hng surface where the writing 

transducer was to have written the datri. This is import,ant because the 

detector cannot sense the distance to the optimum data reading position 

from any one position. Positioning the de~ector over the recording area 

generally involves a rough positioni.119 111e<1ns n.nd a fine positioning 

means. The rough positioning means plac:~~ the. detector over the tracks. 

Tracks have a width" which is greater th<i!1 the area on which the data is 

written. The fine positioning means is typically separate from the 

rough positioning means and operates to place the detector over the 

width of the track in which data is wdtten, rather than simply over any 

part of the track. 

Fine positio.ning means are .especially 11si:! ful .in dedicated servo drive 

systems and sector servo-drive systems having dual transducers for 
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reading and writing. Sector servo drive systems have a fine positioning 

means which consists of writing predefined patterns of signals into 

reserved areas of tracks on the recording media and then reading back 

that same predefined pattern of signals. The objective is that by 

comparing the sensed signals to the predefined pattern of signals, the 

detector position with respect t~ the wdtten track position can_ be 

modified to produce the most accurate reading of the data. Signals are 

used instead of data because some i·elationship 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 th~ write transducer (called a single 

element head) in the sector servo dr:i.vP. system, there may be static 

misalignme"nt of the one transducer w:i.th rP.spect to. the data due to 

mechanical movement. The P?sition of the head is affected by 

temperature, tower tilt, and other factors which chai:ige with the 

movement of the recording medium. However, when data is written to and 

subsequently read from the medium by r.::icU"llly mqving the transducer to 

the same position as it was when the transducer wrote the data, the 

servo system ensures that the detector ~ill correctly read the data. 

This is because, even if there 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 t0 r~an. 

In contrast, when the drive syst~m (whrt~~r sector servo, dedicated 

servo, or other -type) has one transducer.· which writes data and one which 

reads data {detector) on the same mechanical arm, this system is called 

a dual element head system. A dual element head system has 

manufacturing tolerances in the alignmP.nt of the write transducer to the 

detector which sign~ficantly effect the .:tbilit.y of the de.teeter 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 
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when the write t~ansducer wrote the data, the static misalignment is 

large enough to allow the detector to have difficulty sensing the 

magnetic field transition. As a result, even- though the sector servo 

drive system moves the detector to the same radial position as was used 

when the data was ~ritten, the drive system may still not sense data 

correctly. Therefore, some fine position 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 det~ctor dedicated to that recording medium. The tracking 

transducer is mechanically linked to the write transducer and detector 

dedic"ated td the second recor-ding medium. This linkage is intended to 

maintain a stable relative position between the track_ing detector and 

the the -transducer and detector of the second recording medium. 

Therefore, data written to the secon<l n~cording me~ium can be located by 

knowing the position of the track.in9 d<?t-:?ctor when the data was wr-itten. 

This position is indicated by the pn:~-t-~corded data already on the first 

recording medium. 

The problem with dedicated servo syst~111s is that, in addition to the 

static misalignment of two diffenmt t.nmsducers on the same arm, 

mechanical and thermal effects fr·om th" ope1·ation of the disk drive 

introduce error into the position l"!?l.:iti_onship between the tracking 

detector and the second detector. Decli.cated 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 datR it should sense. Recording media in 

storage systems typically rotate at RpproKimately 3600 rotations per 

minute although this speed can bP much f.oisti:-1· or slower. The fast 
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motion causes thermal problems because the temperature of the medium 

varies as a function of the radial position on the disk due to the speed 

of the rotating surface which varies ns ~ function of radial position. 

Thermal gradients due to temperature changes and temperature shifts can 

cause mechanical m~vement of actuator arms, tilting of actuators, and 

general misalignment of other mechanical parts. This movement causes 

errors in the head position. These errors are slowly time varying 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. 

Opti~al storage media ar~ similar in function to magnetic 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 physkal 

phenomena. Specifically, the elements for writing optical data produce 

the ,presence or absence of light, rather than magnetic fieid 

transitions, which the detectors must sense. However, the detectors 

still have a mechanical means for 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 c.i.ted reasons. Additionally, the 

mechanisms for .keeping track of the position of the optical detectors, 

such 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 d@t~cto1· position error are generally 

applicable to optical media as well. 

The prior art has used several techniqu~~ for developing a fine 

positioning means to correct for the r~lative position error of the data 

detector or transducer with respect to the data t1-acks. A first 

technique was to define a thermal test <1.l"i:?a or track outside of the data 

recording area. A reference signal, which pt·ovides different frequency 

signals depending on the·radial position of t.he transducer, is written 
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to each half of the test track. The data detector periodically returns 
to the test track to read the reference signal. The fine positioning 
means compensates the position of t11e transducer until the frequency of 
the reference signal sensed by the transducer is the same as that previ­
ously sensed. . Th~ problem with this type of technique is that it 
requires circuitry not already in the dd.ve system, in the form of a 
frequency discriminator, to compensate for the transducer position. 
Extra ci'rc1,.1~try is expensive .and consumes critical space in compact 
drives." . Additionally, the servo compensation is limite.d 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 pQsition 
error of the detector ·is to reserve sections of individual data tracks 
for writing special patterns. In particular, the special patterns would 

1 
return analog signals having a particular amplitude depending on the 
position of the transducer with respect fo 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 ~ransducer pass"!!': 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 abo,,·e, extra circuity in the form of 
analog detection circuitry is requfr~d. ·A~ditionally, the space on the 
re·cording medium reserved for the sp~d . .:i.l. si9nals radius the space 
available for data st~rage. 

It is accordingly an object of the pn~sent. invention to provide a data 
storage system in which these clifficultiei:; are avoided. 

According to the invention there is provided a method for locating a 
"data detector adjacen..t stored data in a data storage system of the type 
employing a moving storage medium . comprising the steps of 

iii~iiiOf 
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counting a number of errors in data read from a data track in said 
storage medium by said data detector and determining a measured error 
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 data 
track, where said measured error rate is substantially equal to a first 
predetermined error rate, Rta, and 

adjusting s~id data detector position according to said first 
relative position. 

There is further provided a data detection system for reading data from 
a movind data storage medium, comprising: 

detector positioning. means coupler] to a data detector and connected 
to data detection circuitry, said cl<?t~C"t.ot· positioning means being 
adapted to locate said data detecto1· ::id_i;:icent a data storage medium and 
to adjust said data detector position wi tJ1 respect to ~aid medium in 
response to commands from a micropfocessor.·; 

error correction circuitry connected bet.ween said data detection 
circuitry and an error counte1· which 1.·~c:~ives data from said data 
detection circuitry and said error cn1T~cti.on circuitry; 

said counter being adapted, counts errors arid transmits a counter 
result to said microprocessor, 

said microprocessor being adapted to determine a measured error 
rate based on said counter restilt and 
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to command said detector positioning means to adjust the data 

. detector position with respect to said storage medium in response to 

said measured error rate to- maintain a first predetermined error rate. 

A system embodying. the invention can quickly measure and accurately 

compensate for thermal and mechanical errors in the position of the data 

detector with respect to the written d~ta. 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 a~ 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 p~oduce the 

target rate is save9. This prDcedure may be performed on either side cf 

the data track .. The detector is then positioned between the two 

offsets. During the operation of the storage system, thermal. and 
i 

mechanica:J,. errors are introduced into the detector position compensation 

means. By periodically determining a new offset for each side of the 

data track this may be cqmpensated for. The new offset which corresponds 

to the target error rate is found by interpolating between measured 

offsets for error rates which are high~r r.ind lower respectively than the 

target error rate. The new measurecl 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 tht:.?n repositioned with respect to 

the written track position between the 1H:~·.-1 offsets on either side of the 

data track. 

Figure 1 illustrates the interrelation o.f 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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Figur~ 3 illustrates a block diagram o.f. a sector servo implementation of 

the detector position compensation system of the present invention. 

Figure 4 illustrates a block diagram of a dedicated servo implementation 

of the detector position compensation system of the present invention. 

Figure 5 illustrates the interpolation process for the P side of the 

data track in the present invention. 

Figure 6 illustrates the interpolation pr·ocess for the N side of the 

data track in the present invention. 

In order to compensate for the transd'.lr.er posit.ion error in rotating 

media storage systems, the fine positioning means must readjust the 

position of the read detector with n'!spP.ct. ~o the written track. Figure 

1 illustrates the relative components of the da~a 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 th~ r~nd of.fset 10. In magnetic 

media sy~tems, the magnitude of th~ 1_1se.ful read offset 10 is limited by 

the width of the magnetic field sens:i.ti•:e pot·tion of the read detector 

12. The useful magnetic field sensitfrP. port.ion of the read detector 12 

is called the read width 14. Similar] y. :i.n optical systems, the 
magnitude of the read offset is lind.tPrl hy the width of the light 

sensitive portion of the read detP.t::t.or. t·lht?n the read offset 10 is made 

larger, a part of the read width i~ R~nRing a signal outside the 

possible area for data to be wd.tt~n. Th~ effective width in which the 

write transducer deposits magnetic fielrl tr~nsitions is called the write 

width of the track 16. Sensing sign<ils outside of the write width 16 is 

called an offtrack read. Wl1en 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 .:i signal outside the-write width fo 

the portion which senses a signal within the write width is called the 
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noise to signal ratio. When the noise to signal ratio gets larger, the 
. number of read errors increases. 

The present invention detects the number of read errors as a function of 
the read offset. It then generates a read offset value which is the 
fine radial position compensation necessary for the detector 12. The 
fine radial position compensation of the detector 12 is the difference 
between 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 d~ta. 
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. Figtfre 2 illustrates an 
~xample_of one such relationship ?f 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 

I 
be linear, as here, or some other 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 re<1d offsets, Xp and Xn respec­
tively, which result in those target errot· r·ates. 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 measuring 
the error rate to determine the magnit1.1d~ of. the error rate. This 
results in degraded overall performancP. of the drive system. In 
contrast, if the error rate is somewh;:it higher, less time is spent 
measuring for that error rate, and so the performance of the system is 
enhanced. The overall time spent measur:i.ng for the error rate· and its 
effect on the drive system performance determines the target error rate 
chosen. 

Figure 3 illustrates a block dia9ram of a first embodiment of the 
present invention implemented in a sec:to1: sPrvo type drive. Data is 
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read from the recording media 1 by the detector element 12. The 

. position of the detector element 12 with respect to the device frame 13 

is physically controlled by the positioning means 21 through mechanical 

arm 9. Mechanical arm 9 is attached to a dual element head which 

contains a first transducer which is the detector 12, and a second 

transducer which is the write transducer. The microprocessor 25 . 

instructs 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 embedded 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 

amplification. The data content is then extrac!ted from the amplified 

signal by the data detection and synchronization circuit 33 •. 

Data is read as a string of ones and ~eros. The string of ones and 

zeros contains a self clocking code. The self clocking code was written 
i 

with the data onto the disk media whein the data was stored. The data 

detection I synchronization circuit 33 separates the clocking code frorri 

the data. The_ clocking code is then m;ed by the detection I synchroni­

zation circuit 33 to determine the beginning of the data stream and 

separate the string of ones ~nd zeros into hytes and blocks of data (a 

block of data is a plurality of bytes Qf data). Blocks of data, from 

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

the Error Correction Code (ECC) det~ctor· r;ii-cuit· 23. When a block has 

an error, the counter 29 is increin~nt.erl by one. In normal read mode, the 

data is channelled through the interf.ric~ huffer adaptor 27 to the data 

bus 37 on instructions from the mi.crnprnr:essor 25. 

The ECC circuitry determines if there is ~n error by reading the data 

sent to it in blocks. When the data w~s initially written, a 

mathematical operation was perfot"med on <'I 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 
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stored with the block, then there has been no error. If the result 

. calculated after reading the data from the media is different than that 

stored, then ther~ is an error. This error can be corrected by using the 

mathematical operation to recalculate the inputs that were required to 

give the result stored. These inputs are compared to the data in the 

block and the bits corrected. A more 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 

International Business Machines Corporation, which is hereby 

incorporated by reference into this specification. 

The microprocessor 25 stores Rtp and Rtn (target error rates) chosen for 

the speed of the storage system, typically Rtp,,;Rtn. Xtp(tO) and Xtn(tO) 

are the offsets of the c;letector 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 re~ding that data back. The data is 

initially written and read batk with the positioning means 21 having a 

random but known read offset. The ECC detection I correction means 23 

senses errors in the blocks of data on the recording media 1 and the 

counter 29 maintains a record of the numbP.r 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( tO) and Xtn(tO). The microprocesso1· 25 calculates the number of 

errors per number of good bits or sectorr:; which is defined as the 

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

The set of written data is i·ead back ::it :;~vet.·al read offsets to produce 

a measured error rate for each read offs~t. This process is repeated on 

each side of the track. If the first measured error. rate is higher than 

Rtp or Rtn, then the read offset is i·ednced before the next measurement 

is made. If the first error rate is less than Rtp or Rtn, then the read 

offs~t is increased before the next measurement is made. This process 

is repeated until the error rate sensed on each side of the tr~ck is 

substantially equal to Rtp or Rtn. The position at which the target 

error rate is reached becomes Xtp(tO) ~n<l Xtn(tO}. When Xtp(tO) and 
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Xtn(tO) have been determined, the microp1·ocessor 25 mathematically 

. determines the radial position of thP. detector 12 which will centre the 

detector over the written track. This position is halfway between 

Xtp(tO) and Xtn(tO). The microprocessor 25 instructs the positioning 

mechanism 21 to adjust the position of the detector by the read offset 

of (Xtp(tO)+Xtn(t0})/2, where Xtn{tO) is a negative number. This could 

also be expressed as abs(Xtp(tO))-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 off set. 

The determination of Xtp and Xtn is rlonP. 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 th~refore, no extra circuitry is 

neces~ary to detect such a· relationship from the data. Instead, the 

posit~on of the read detectbr is deter111inec1 by the known relationship 

between the error rate of the stored data and the various read offsets. 

Determination ·of the error rate req•.1i.r~~ 1".he read, write, compa1·e, and 

control functions for digital data whir:h would already exist in a 

digital storage system. Specifically, t·.h~ compare and control functions 

exist in the microprocessor 25. i\ r.om111e1·r.: ial microprocessor having such 

functions and suitable for use in this .invention would be the 8051 

microprocessor from the ·Intel Corponi.t.ion ot· one of many equivalents. 

Additionally, the present invent.ion's 11!"1" of ;\Ctive storage space on the 

recording media is only temporm·y. As a l.·esult, there is no need to 

permanently reserve ·space 6therwise us~ful for storing data. In fact, 

normally written data could be used for determining the compensation. 

Microprocessor 25 permanently stores the values of Xtp(tO) and Xtn(tO). 

The misalignment of the detector to the write transducer is the 

difference between the magnitude~ of Xtp(tO) and Xtn(tO). When 

abs(Xtn(tO)) = abs(Xtp(tO)) the misalictnment. is zero, and when the 

values are not equal the misali~nme.nt. i ~ (Xt.n(tO) + Xtp{tO) }/2. The 
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sign of the misalignment determines the offset direction. This is the 

read offset which centres the detector at time (tO). The microprocessor 

also periodically re-determines Xtp and Xtn while the storage system is 

activated. Xtp and Xtn are determined for other times (tl, t2, t3, etc.) 

and conditions of .the drive operation. Each time 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., to) 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 whethe1· 

the new read offset or misregistration is consistent with previous read 

offsets under similar conditions. 

The first embodiment of the present invention is illustrated as 
i 

implemented .in a dedicated servo type drive system in figure 4. In this 

type of·drive system,: the positioning mechanism 21 links two mechanical 

arms. The mechanical arm 9 positions the dual el~ment 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 adj11st.flble relationship between the 

radial position of the mechanical nrm 9 <i.nd arm 47. Reference surface· 

43 contains sensing patterns which are sensed by position sensor 45 and 

sent to the positioning mechanism 21~ These sensing patterns, as 

interpreted by the positioni~g mechl'lnism 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 maintnin~d between the detector 12 and 

the position sensor 45 through the mechan:i.cl'll arms 9 and 47, 

respectively. 
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. The stable relationship between the detector 12 and position sensor 45 

is compensated by the pos~tioni.ng mechanism 21 in response to commands 

from the microprocessor 25. The microprocessor 25 determines an Xtp(tO) 

and an Xtn(tO) for- the target error rate by writing data to the 

recording surface 1 and reading it back through detector 12 at multiple 

read offsets. The 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 eliminated by adjusting the arm 9 with respect to the arm 

47 so that the detector 12 is half way between Xtp(tO) and Xtn(tO), 

giving the detector a read offset of (Xtp(tO)+(Xtn(t0))/2. 

A second embodiment of the present invention efficiently determines 

Xtp(tl) and Xtn(tl) when Xtp(tO} and Xtn(tO) 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 al:love. The particular function of error rate to read . 

offset depicted in 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 tes:ting on each drive. 

Specifically, a particular type of dr.i.v~ is tested to determine how many 

read errors occur as a function of the d:i.stance from the centre of the 

write width on the track to the maximum allowed read offset. The 

magnetic media drive which exhibits the chari'\cteristic function of log 

error rate being a linear function of 1".h~ read offset, as shown in 

figure 2, has the following characterist.i.<::s: a 3.5 inch _rotating disk 

for storage media·having a 10 mir.i-on t.r;:ick width and being made of 

sputtered thin film Cobalt-Chromium alloy, the transducers are 

magnetoresistive stripes having effectiv~ read widths of S.S microns, 

and write widths of 7.5 microns, the dPtection circuitry is of a 

conventional peak-detect type, and n. typical misalignment between 

transducers is on the oroer of .. 25 mic1·ons. 
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once the form of the function fo1· a particular type of drive is known, 

. the form of that function is stored in the microprocessor 25 of the 

storage system. The unknown parameters of the function which determine 

the position compensation of the detector for each specific drive are 

obtained by determining Xtp(tO) and Xtn(tO) as in the first embodiment. 

The positioning mechanism 21 adjusts the detector 12 position by the 

read offset (determined at (tO)) 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 5 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(tO) and determines·an error rate at that 

point Rm2. The error rate at Xp was previous~y measured on the drive to 

be Rtp. When Rtp substantially equals Rm2, then there is no 

compen~ation 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 int.reduced 

into the mechanical system. Howeve1·, because Rm2 is larger than Rtp, 

and the measurement being performed is on the p side of the track, X2 

(the current position of the detecto1:· ccn-esponding to Rm2) is equal to 

Xp + dxp. Additionally, the compensation system measures a second set 

of data, in which the error rate is J.owP.r than Rtp. Here the drive 

mechanism compensates the position of th~ detector a known amount from 

X2, until Rml is less than Rtp, and d~notes this position as Xl. 

Although the absolute position of Xp(tl) is not yet known, X2-Xl is 

known. The measured values of Rml, X2-X1., Rm2, and Rtp, allow a 

determination of dxp through linea1· interpolation and hence the reh.tive 

positions of Xp{tl), X2, and :Xl. Wh~n 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-Xl) I (log(Rm2)-log(Rml}) 

Xp = Xl + {X2-Xl) - dxp 
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Xp is expressed in terms of Xl and (X2-Xl) because Xl was the last 

position of the detector and it can be moved, if desired, by the known 

quantities (X2-Xl) and dxp to Xp. The interpolation method will depend 

on the characteristic function of the ddve systein. However, 

interpolation between error rates, higher and lower than the target 

error rate on a known characteristic function, determine Xtp(tO) much 

quicker, with high accuracy, and with fewer measurements than the 

comparison of repeated measurements method used in the first embodiment. 

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· 

measured. If the current measured error rate is equal to the previously 

measured error on then side of the t.rnck,.Rtn; then no compensation is 

required. If the current error rate is higher than Rtn, it is labelled 

Rm4, and Xmn - dxn = X4. The position of the detector is adjusted by 

(X4-X3), apd a new error rate, Rm3, is measm·ed which is lower than Rtn. 

Again, as on the p side, dxn can be calculated as: 

dxn = (log(Rm4)-log(Rtn)) x tx4-X3) / (log(Rm4)-log(Rm3)) 

Xn = X3 - (X4-X3) + dxn. 

Again, as in Xp, Xn is. expressed in te1·ms of :X:3 and (X4-X3) because 

was the last position of the detector 17. nncl it can be moved, if 

desired, by the known quantities (X4-X3) and dxn to Xn. When Xp and 

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

X3 

Xn 

Where dxn is equal to dxp, the detector posit.ion has no misalignment 

·from the centre of the write width of the trnck. When dxn is not equal 

to dxp then the detector 12 is misal.i•;med 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 - X11) / 2. Therefore, if Xp is 

greater than Xn and the misalignment is positive, the detector is moved 

in the negative direction by half th~ r1i.stance between Xp and Xn. 

Similarly, if the misalignment is n~qat:i.\•e, the detector is moved in the 

Positive direction by half the clistancl"! bP.tween Xp and Xn. 
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The accuracy of the read detector adjustment depends on the granularity 

of the data being read. Error r-ate can be expressed as the number of 

bad sectors, bytes, or bits, out of the number of read sectors, bytes, 

or bits respectively. Employing conventional ECC circui"try as described 

here, the granularity is one block. This is a variable quantity 

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 

may comprise an entire sector or a portion of a sector. Grouping more 

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 defini'tion of error rate makes the granularity larger. Therefore, 

the·resolution in the adjustm~nt decreases because the error in 

interpolation gets larger with .the larger granularity in the definition 

of the end points Rm!, Rm2, Rm3, and Rm4. Using 3.5 inch magnetic disk 

media having 20 data sectors per track (less sectors tnan typically 

used), a repeatability of detector position of+/- 10 ~icroinches is 
' achieved. The measurement cycle consisteci of 5 revolutions, 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 cldve, the drive requires an update 

of the read offset approximately evet·y five minutes for the first twenty 

minutes after powering up and every twenty minutes thereafter. 

A third embodiment of the present .i.1w .. 11 t-.:i 0n i·etains good throughput 

capability while calculating a new ro~i.t..:i.nn compensation from sector 

data. The third embodiment is be impJ~in!"nt:ed on a dedicated servo or 

other type of drive system in a sim:i.la1· 11vmner to the first and second 

embodiments of the present invention illustrated above. In the third 

embodiment, when calculating compensiltion, an error is detected when a 

sector is read and the error correction c.ode syndrome (generated from 

the error correction code circuitry and software) indicates tha~an 

error exists. The error correction c.ode syndrome is known immediately 

after the sector is read; If the syndrnm~ has either a zero or clear 
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state, then there are no errors in ..the sector. If the syndrome 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 longer than just detecting the existence of the error and 

counting it. The .third embodiment utilises error rates close to the 

unity sector failure rate to determin"! 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 (Y1) of normally read sectors contain an error, 2) a pre-set time 

has. elapsed, or 3) after a pre-set nul'(lber 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 number of errors is approximately equal to a pre-set 

threshold (Y2). That is, an edge is tht:> posi.tion where the errors in 

error correction code syndromes have hc~n invoked on Y2 sectors out of 

the total number on the track. The pos.i.tion offset dictated by the 

threshold Yi .is allowed to change for d.i.fferent recording surfaces or at 

different radii on a recording surfac~. 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 compens<1ti .. nn, initially a single direction 

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

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

the head position which is expected t.o pm.duce more than Y
2 

errors. 

When more than Y2 errors are detected ~t this offset, the offset is 

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

range of) Y
2

_errors are detected. If l~ss than Y2 errors are initially 

detected, the offset is gradually inr:r~;i!';"!d until more than (or equal to 
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or within a pres~ribed range of) Y2 errors are detect_ed. The edge 

search determines the position offset of one side of the track (toward 

- the hub or rim) where the number of errors approximately equals Y2 • The 

edge search moves from the saved position towards the edge in a single 

direction because Lhe error rate is constantly increasing or decreasing 

with respect to the offset in the area around the saved head posit~on. 

Subsequent updates· of the edge position utilise the last saved edge 

position as a 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 compensation calculated 

from the track edge head positions, place the head on the track based on 

previously set criteria. The criterif'I here rnay be as simple as:the 

average of the positive track side offset. and the negative track side 
i 

offset. The criteria may be more elaborate and may introduce the 
i 

compensation required to account for the write element to read element 

offset. 

The conditions which initiate the repo!=:.i tioning of the head in the third 

embodiment are typically that 1) the errors detected exceed 10 (Y1=10) 

since the last repositioning, 2) the time between repositioning is 3 

minutes, and 3) that the total numbet· of s~ctors read since the last 

repositioning is 2404. The dual single edge searches are completed in 

approximately 1 .1 seconds which is apprmd.ma tely 99. 37% throughput for 3 

minute time intervals. Y2 may be VAr)~n for each drive and the design 

specification goals for the drive. 

A more elaborate criteria for calculating compensation involves 

tabulating sector failure 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 
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read the track. The offset compensation for_the sections would be 

calculated exactly as described for whole tracks in embodiment three. 

Additionally, offset compensations using the wdte element of a MR head 

may be performed providing a compensation value which is preset or 

predetermined, as in embodiment one. Further, any of 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 tha·t the data can be read correctly. 



( .t. :I 

SA9-90-071 22 

THl5 SHEET HAS BEEN 
REPLACED 

1. A method for locating a data detector adjacent stored data in a 

data storage system of the type employing a moving storage medium , 

comprising the steps of 

counting a number of errors in data 1·ead from a data track in said 

storage medium by said data detector and determining a measured error 

rate from the counted errors, 

adjusting the position of said data detector toward one side of 

said data track, 

rereading said data, recounting s~id errors, redetermining said 

measured error rate, and readjusting said data detector position to 

determine a first relative position, Xtl, with respect to s*id data. 

track, where said measured error rate is substantially equal to a first r 

predetermined1error rate, Rta, and 

adjusting said data detector position according to said first 

relative position. 

2. A method as claimed in claim l, f1.1t·th".!r comprising: 

periodically redetermining said fir~t 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 c:laim 2, further compr~sing the 

steps o·f 

adjusting the position of s<licl data detector toward a seqmd side 

of said data track, 
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rereading said dat~, 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_errar rate is substantially equal to a second 

predetermined error rate; Rtb, and 

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 cla·im 3 or claim 4, wherein: 

·said adjustment of said data detector position corresponds to: 

i 
abs(Xtl) - abs(Xt2) I 2. 

6. A method as claimed in any of <.:led.ms 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 preceding claim comprising 

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

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

determining a first test position, Xl, b~ adjusting said data 

detector position toward one side o.f srtid data track, reading said 

stored data in said data track, r:ountin9 PCTors from said read data, and 

I lllllll llllll lllll lllll II llll 
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determining a measured error rate from said counted errors whe.re said 

· measured error rate, Rml, 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 whe1·e said measured error rate, Rm2, is 

higher than said first predetermined error .rate; 

interpolating between said fit-st and second test positions to 

determine a current first relative position; and 

adjusting said data detector position from X (tO) according to said 
a 

current:first relative position. 

i 
8. A method as claimed in claim 7, whe i·e in 

said interpolation results in said current first relative position 

being substantially equal to 

Xi + ((Xl-X2) x dxa); wherein: 

dxa=(log(Rml)-log(Rta)) x (Xl-X2)/(log(Rml)-log(Rm2)). 

9. A method as claimed in claim 7 further r.:omprising: 

periodically redetermining s~irl first and second test positions, 

interpolating between said redetenn:i.ned first and second test 

positions to determine a current firnt l"elat.ive positionf and 

adjusting said data detector position according to said current 

first relative position. 

\:\11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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10. A method as claimed. in claim 7, further comprising: 

storing a second relative position, Xb(tO), 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 

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 posit.ions 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 int~rpolation results in said cl1rrent first relative position 

being substantially equal to: 

X2 + ({Xl-X2) x dx:a); wher.ein: 

dxa=(log(Rml)-log(Rta)) x {Xl-X2)/(log(Rml)-log(Rm2)). 

1111111111111111111 1111111 1111 
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12. A method as claimed in claim 10, wherein: 

said interpolation results in said current first relative position 

being substantially equal to: 

X2 + {{Xl-X2) x dxa); wherein: 

dxa={log{Rml)·-log{Rta)) x {Xl-X2)/{log(Rml)-log(Rm2)); 

said 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) I 2. 

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 det~rmine a current 

first relative position and a current ~econd relative position; and 

readjusting said data detector.- po•dt:ion according to said current 

first and second relative positions. 

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

medium, comprising: 

detector- positioning means coupl,.cl to a data detector and connected 

to data detection circuitry, said detector positioning means being 

adapted to locate said data detector ~~iAc~nt n data storage medium and 

l lllllll llllll lllll lllll II llll 
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to adjust said data detector position with respect to said medium in 

response to commands from a microprocessor; 

error correction circuit1·y connected between said data detection 

circuitry and an error counter which rec<?ives data from said data 

detection circuitry and said error correction 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 

to command said det~ctor positioning means to adjust the data 

detector position with respect to said storage medium in response to 

said measured error rate itO maintain a first predetermined error rate. 

15. A system, as claimed in claim 14, ~1erein 

said detector positioning means initially places said detector 

adjacent a data track on said storage med:i.um containing stored data; 

said microprocessor compares said mensured error rate to said 

predetermined error rate and commands sa:i.cl detector. positioning means to 

adjust said detector position based on sflid comparison when said 

measured error rate is not substanti.:ilJy P.q1.1i:1.l to said first 

predetermined error rate; and 

said microprocessor periodically ~edetermines a current measured 

error rate and commands said detector positi<ming means to readjust said 

detector position after said adjustm!:'nt based on said comparison between 

said measured and first predetermined error rates until said current 

measured error rate substantially equals said fi1·st predetermined error 

rate. 

111111111111111111111111111111 
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16. - A data detection system as claimed in claim 15, wherein: 

said microprocessor stores a first relative position, X {tO), of 
a 

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· ct first test position, Xl, 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 position to a second test position, X2, where 

said measured error rate, Rm2, is higher than said first predetermined 

error rate; 

said microprocessor in~erpolates;between said first and second test 

positions to determine 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 lG, .fm·t:.her comprising: 

a single mechanical arm to couple sctid detector positioning means 

to said data detector, and 

a write transducer attached to saicl data detector by said 

mechanical arm. 

18. A system as claimed in claim lG, fut·ther· comprising: 

------------
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* C L M S * 



THI~ SHEET HAS BEEN 
REPl.ACEO . \ 

L-----__...., .... ,......;. 

SA9-90-071 29 

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 dat~ storage media tracks said'position sensor with 

respect to said reference mediq. 

19. A system as claimed in cl&im 16, wherein 

said microprocessor stores a second relative position, Xb(tO), of 

said data detector with respect: to a data track in said storage system, 

where a measured error rate is subst<\nt:i.ally equal to a second 

predetermined error rate, Rtb; 

said microprocessor commands said cl~tector positioning means to 

adjust said data detector position to ~ thii-cl test position, X3, where 

said measured error rate, Rm3, is lm.:er than said second predetermined 

error rate; 

said microprocessor commands sairl cletector positioning means to 

adjust said data detector position to a fourci1 test position, X4, where 

said measured error rate, Rm4, is higher than said second predetermined 

error rate; 

said microprocessor interpolates between said thi1·d and fourth test 

positions to determine a current seconrl relative position; and 

111111111111111111111111111111 
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said microprocessor commands said detector positioning means to 

adjust said data detector according to said current first and second 

relative positions. 

20. A system as claimed in claim 19, 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. 

21. A system as claimed in claim 19, further comprising 

a first mechanical arm to couple said detector positioning means to 

said data detector; 

a write transducer attathed to said data detector by s~id first 

mechanical arm; 

a second mechanical arm to coupl~ said detector positioning means 

to a position sensor, said detecto1· positioning means places said 

position sensor adjacent a reference nieClium; and 

said 4etector positioning means links said first mechanical arm to 

said second mechanical arm wherein sat~ dAt~ detector position with 

respect to said data storage media tr~cks 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. 
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