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1. Field of the Invention The present invention relates to optical disk
drive systens, and nore particularly, to a systemwhich corrects for
di sturbances of a tracking error signal caused by pre-formatted sector .
I nformati on on a magneto-optical disk. 2. Description of the Related Art
Optical data drive systens, including conpact audi o di sk players and
conput er data storage devices, enploy collimated Iight, such as a |aser
beam to wite to and/or read froma rodating optical disk which is capable
of storing great anounts of data. The data is accessed by focusing a |aser
beam onto the di sk and then detecting the |nfornat|on encode n the
reflected |ight beagydRMVPRORKICOMPENSATING FORHARD:S rQ#m i ncl udi ng
read only memory ( ﬁ@tﬁ@;ﬁg@ﬁd&m TRAYCKINBVERROR SIGB{MJ% The
erasabl e systens i :'[Epg MLQ)AWSTOWEWSMG recordi ng
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media. In an optical em data is generally stored in either
of two configurations In one configuration, data is stored on a series of
concentric tracks formed on an optical disk. Random access to a particul ar
area of the disk (and thusgQ-Ri q}ﬁooﬂmoﬂmﬂmmmm i shed by scanning
the | aser beamradially across e tracks on the disk so that the desired
track is |ocated, Frid of tee Isventionng al ong the track until a particular area

or sector of interest on the disk - be ogakedriy¥ $ydemssaid haerw I n
the second confi ghhatpresent gayventjan ¢ dtoo g&{sll ﬁgft grlspl r)}glié track. Random

access to the 9“%1@@ ré‘%&g’p&; %ﬁféﬂ%ﬂe’é&eﬂ)rldistarbmmemf aitracking emwor pignak or
circul ar tra?: pbeam scans radially across thceal goklcndarl es of
adj acent spi ¢zuked by pre-formatted sector. information on a magneto-opti

2. Descrlptlon of the Related Art

Optical data drive systems, including compact audio disk players and computer
data storage devices, employ collimated light, such as a laser beam, to write to and/or
read from a rotating optical disk which is capable of storing great amounts of data.
The data is accessed by focusing a laser beam onto the disk and then detecting the
mformatxon encoded in the reflected hght beam. Various kinds of optical systems are
known, including read only memory (ROM), write once read many (WORM), and
erasable. The erasable systems include magneto-optic (MO) and phase change

recording media.
In an optical disk drive system, data is generally stored in either of two

configurations. In one conﬁguratlon data is stored on a series of concentric tracks
formed on an optical disk. Random access t0 a particular area of the disk (and thus
to particular data), is accomplished by scanning the laser beam radially across the
iracks on the disk so that the desired track is located, and then scanning along thef
track until a particular area or sector of interest on the disk may be interrogated bv
the laser beam. In the second configuration, data’ is'stored on a single, spiral track.
Random access to the spiral track is accomphshed in a manner similar to that for

circular tracks. The laser beam scans radially across the boundaries of adjacent spiral
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-2-:track revolutions to locate a desired revolution until the particul ar
arfea, or sector of interest on the disk is reached. The |aser beam nust be
properly focused on the disk while simultaneously follow ng the data
tracks. The focus is maintained by noving an objective |ens through which
the laser beamis directed relative to the disk using a focus actuator. The
tracking position is adjusted by noving an optical head over the rotating
optical disk, fromwhich the |aser beamis generated, in a radial direction
with respect to the tracks on the disk using a linear actuator. The optical
head typically also contains the focus | ¥ns, a focus actuator and a beam
bender mrror.” Various focus and tracking servo schenes are known in the

art. One of the nost widely used track servo schenes uses,tr i S.
The data tradtackagvelntions t kxcals ar@SEFEéEV‘IIBH%“T@nn@gp%%M r%g i‘%gseg?g%ﬁs

are nolded into tggflghﬁ"sﬁ%ﬁ%qs%é"h%° side of each data track. G ooves may be

V- shaped or t! Efbeé" ape e focused | aser beam has a Gaussi an
di amet er conpar abl Ehd BsthBedm nustibét roperty focused ontthe disk while girguljangously

structure of the disk. Diffraction of the |aser.b ca . es
produces di f fioHewing theedatartjacksst Fhe, foqus s %@P@@é@eﬁa&é@‘gﬁg,a@%ﬂﬁgﬁ?ﬁ%
mnus first diffract. s‘:ggpfsrkm} ; thedisRlusiipsa focus acfuatdre
beam spot w %mruggp‘;e'%?ﬂtt%éﬁﬁée grooves.é?%edlr?{eé%H(E:IIVIE3,6 nor e iur?tensi ty is
di ffracted i nfie &ikifg pdition theadjusnad binendvingramoptical kead overdhe zotating optieali on
and toward the groove section. Theseg light intensit éﬁll SLI bLﬁ_‘i DS, A Lthe
imaged onto adislerfmmwﬂmhﬂlellé@f@ﬁﬂmd&@%?@et@raw TECHAL W JERSEE TS a
" tracking error sign JES). whi ' ; falsdCdondding thehat
positions theﬁ%%ﬁ.%eﬁ‘e ﬁ‘égdéw\#aog%g* Qfﬁd%gegﬁgh@?‘lb%g%%ﬁd}ggfl The sane
optical deteciyefs jehsCHFoMRR! athitsiCandse Bedrd beaderrmirsora Vedoss focns and itegeking

(FES). The FES is used to control the focus actuator to maintain the |ight
beam i n f ocusseovo sdhemds eke known abtherd§evel ops when an optical disk drive

perfornms a seeking.opetration in. ofd : j 8o drSRs] fike
sector of a particQF‘gf"’f?l?"a}@ﬂSt ‘ﬂdg{yu'?%g cglg%%&otsﬁféel?ga‘gﬁflg%agrﬁ?%f si gnal
(TES) caused ky, Bhék fRiomRid& s e6fefred ke holands. i The trackiiggrboves arsrmolslad infquse

| seeki ng errorti. The internal electronic "seek" circui {)é )(/'-gl{a gg%r rai Ve - dal
e disk on either side of each data track. Grooves may p ap

shaped. The focused laser beam has a Gaussian diameter comparable to the land
width and is directed to the grooved structure of the disk. Diffraction of the laser
beam caused by the grooves produces different inten§ity distributions between the
zero, and plus or minus first diffraction orders depending upon the radial position of
the beamn spot with respect to the grooves. Generally, more intensity is diffracted into
the first orders as the beam moves away from a land section and toward the groove
section. These light intensity distributions are imaged onto a servo controlled optical
detector and are used to generate a tracking error signal (TES) which in turn controls
the linear actuator that positions the optical head in order to keep the beam on track.
The same optical detector is commonly also used to generate a focus error signal
(FES). The FES is used to control the focus actuator to maintain the light beam in
focus on the disk. |

A problem develops when an opticgl disk drive performs a seeking operation
in order to scan, or interrogate a specific sector of a particular track. Disturbances of
the tracking error signal (TES) caused by pre-formatted sector information, or hard

sectors can cause seeking errors. The internal electronic "seek” circuitry of the drive



relies upon an accurate count of each track crossed as the objective |ens
se®ans across the rotating optical disk. The tracking error signal from an
optical disk in the absence of pre-formatted sector information resenbles a
sine wave. Each zero crossing of the sine wave |like TES signal represents a
crossing of either the center of a land or groove area of the track
feature. The electronic tracking circuitry relies upon the zero crossings
to accurately determ ne the nunber of data tracks traversed during the tine
the tracking error loop is operating in the open | oop node. Sinmilarly, when
the "seek"” operation is being conpleted-m»nd the tracking servo begins -
cl osed | oop operation, the electronic tracking circuitry "l ocks" on the
zero crossing of the TES signal. The TES signal is c%upt eg when t he

f ocused spot_of APuhnbLEdcRIRick Trasstthasitheantjentived ghosransh agNees
opti cal disk‘,e%c?%&‘g:&hgﬂtaﬁ‘ém%ltaggéﬁrrplitude.,of the TES si g?sg#‘%g senc
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in a "seek" node, SUCh?d;Qnﬁ%F‘g'éo ({ylin%ﬁgm%e%%ﬁgyegla e()kfva\%é:'eE Setd itaking DT thause
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the track coofiprerforgatt unber of tracks traversed,

resulting in_a "Seekp - THE rbirssetisha orsiag dfheithBEShe icgnter ofam lands er
cause the sefRSc) rculll¥€§/ﬂ%§os‘§ggi f]éii’gl osed | oop operationg at .the w régle%rre
: e

relative to phfoveafea afiths track featirec Therglectipais tAEKRECITCHIEY rliex upen

net effect is a reduction in "seek" perfon b adhkdd diringl thetiher €,
a need exi st grqssngat%wpawmemﬁsmgﬁgfgﬁgQ‘%ﬁ%% gfné}%éfd' seeki ng errors
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caused by di P o116 115 6peh l6owmele.r Samilarly,gliendghe "seek”
ﬁ%ﬁé@g&hﬁ%@ 1gbP s dpefdifigrid ti%f érieh loogy .

det ecti on of

sector information i&?gn 0 tléﬁl di sk_drivg. -
system SUMVARfafibn T3 beinglo@nple@d ardethp tragking SErYQeeins £ ORFe e BRETANR

af oresai d probl ens, by | enenti png amn el ' j \ UtThet TES
appr oxi nat e v@suenigr%ckﬂlsrq%l%ggfﬁé’“h@%éggé gil’ngdl stﬁgtgasnééggmg;%f adte t he
real TES signal . : hSRLE & isgrtadf the lasernpeaheihtéryogatés o sector

i nt er pol atioﬁ%@o%&?gﬁg%r&%g subsﬂgigtﬁﬁt gg&f or the reagl TES |qu31$ durig t he
time a hard segbaron thelepticaledisk,Toausing g voliage: tudsef ilP st St g? ect
when hard sectors are being det %ﬁe% g%pﬁé‘ﬂ'é{%kddr&'és%gnﬁ%&:&%ﬁng'iﬁﬁ“'héek“o

provi de the inappropriately go 0 zero.
mode, such inappropriate zero value of the TES signal can cause the track counter 10

incorrectly count the number of tracks traversed, resulting in a "seek” error. The
disturbance of the TES signal can also cause the seek circuitry to begin closed loop
operations at the wrong time relative to the zero crossing, which may also result in
a seek error. The net effect is a reduction in "seek” performance and reliability.
Therefore, a néed. exists for a system which can overcome the problem of
seeking errors caused by disturbances of the tracking error signal resulting from

" detection of pre-formatted sector information in an optical disk drive system.

SUMMARY OF THE INVENTION
The present-invention overcomes the aforesaid problems by implementing an
electronic circuit to compute the approximate TES signal during the time hard sector
disturbances degrade the real TES signal. The approximate TES signal is computed
by a linear interpolation process and is substituted for the real TES signal during the
time a hard sector is detected. The invention employs one circuit to detect when hard
sectors are being detected on an MO disk, and another circuit to provide the

interpolation of the TES signal.
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I nterpol ati on of the TES signal. . -4- In one inplenentation of the :
present invention, a hard sector detection circuit uses the ROM out put from
a data preanplifier to sense the presence of a hard sector. The ROM si gnal
is followed by a peak detector, an anplitude threshold sensor, and a pul se
width threshold circuit. The peak detector provides a guick charge-up tinme
' and a sl ow charge-down tinme so that the output of the peak detector follows
t he peaks of the high frequency content of -the ROM signal representing -
detection of the hard sector. The output of the peak detector is a pul se
with a duration somewhat |onger than-a tygical hard sector pulse. The
anplitude threshold and pulse width threshold circuits provide noise
imunity so that noi se spikes do not inadvertently sinulate a hard sectar
detected condi ti ong, FheinkpiomieRiation Qi dlid presanit imvention,sa hardi spefor deteghion ficutt

duration of the tine that” the hard sector tection circuit Bor.
out put pul se. uidsahd ROMouepyidrom ia&?t%Pﬁeé@ngﬁrp@rS&f‘%es&‘&P% arfﬁpéﬁg&s yS& '

conputing the rat f volta ( b am: '&éitgmhold&dengoraand
anal og differefl§ gpg\fi_ﬂ%flﬁ 1%%}1?@?@% iaaﬁeg(#%ec%ﬂpv\e | by a first order,.
sanpl e- and- hO!?ﬁnﬁgerﬁthﬁ thiagtiold eireait. (Mheapeabldetectontwovidey 2\MeTk Shatgs-§PIues of
I s detected. e sanple-and-hold circuit is foll.gwe Y. ' ek h

~pol e and zer o ahdeatavopkargedows tHEH R at@s.%n“gefab“fp afgedeg#ﬂ:g?g%?gﬁgé |

circuit. In the ab C i0RAl @bfaéntigdetdction lof pheesha

- through the Ci?%‘@F?‘?%ﬁﬁﬁ%Efé%?%%iB@ﬁlgﬁﬁa ar dnggctor is detecgted,

~ the sanpl e- angéaﬁ},dmawlﬁ%ﬂm@ bdsdetvabrlis pulst avithEs duration SOmAVaiat I9RESY |
The integrator then I ntegrates tﬁ

e slope wth respegct,,to,ti . di a
| i near i nter pahat a eypicdl hand sy w@aaﬁamﬁ@dm@peﬁﬁ% ﬁ“ﬁep‘ﬂ%r‘gﬂisde?c o?m?g
detected. Figure 6 illustrates a synthesi.ze : A&t indév@tenilzSimubita b
during the perciiSHYs PIOYAqq NOLSE PP L}’.“?‘E%a%e tllfégﬁ&%rovi des an ¥

appr oxi mat ed EE@ {gﬁaa Lthad cosdidés.y simlar to the TES signal that would
have exi sted ha ?1% ar% sectors been detected., The, i ventior}tﬂgym%ltﬁgtﬁg
[s) 1

i mpl ement ed as a diThe TESdnterpotation cirpuit is activated or the duration .
hard sector detection circuit produces an output pulse. The TES interpolation circuit

operates by continuously. computing the rate of voltage change (dV/dt) of the TES
signal using an analog differentiator. The‘éifferentiator is followed by a first order
sample-and-hold circuit that is set to a hold- mode only when a hard sector is
detected. The sample-and-hold circuit is followed by an integrator with pole and zero’
locations set to cancel the effect of the differentiator circuit. In the absence of hard
sectors, the original. TES signal passes through the circuits unaffected. However,
when a hard sector is detected, the sg__;_nple-and—hold captures the last value of the TES
slope (dVTgs/dt). The integrator ;chén integrates the slope with respect to time,
. providing a linear interpolation of the TES signal during the time the hard sector is

!

detected. Figure 6 illustrates a synthesized, or reconstructed TES signal during the
periods T, and T,. The invention provjdes an approximated TES signal that is very
similar to the TES signal that would have existed had no hard sectors been detected.

The invention may also be implemented as a digital system using a
combination of both hardware and software which may be stored on a computer

readable medium.



conbi nati on of both hardware and software which nmay be stored on a conputer
reéadabl e medi um The i nvention advant ageously overcones the problemin
optical disk drive systens of seeking errors caused by disturbances of the
tracking error signal resulting fromdetection of pre-formatted sector

I nformati on on an optical -di sk. Another inportant advantage of the
invention is that it is able to reconstruct a tracking error signal in real
time on an as-needed basis using sinple to inplenent differentiating and

i ntegrating techniques. These and ot her advantages of the invention wll
becone nore readily apparent upon review-of the acconpanying draw ngs and
specification, including the clains. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 illustrates an optical disk drive systemincorpqratin . SY m
for conpensating fpe jReémioneadwaintageousty deercomies ﬂmp@blqmaemmﬁgleaﬁﬁr‘?ﬁ‘%

si gnal s enbodyi ng various features of the, prese i ' bl k&uRing
i | Tustrates syspmsiefseskingeareass eaused P&S‘i‘slmxpg'?ce@gﬁg‘rea FE‘S“E%&??‘af%ﬁg élr :%'r

signal (TES) .in the optigal gi ' ; i6h ofii aaUbptickl diskgures 3 and 4
show how an f@%ﬂ?‘f@b&"(PgEﬁ'ﬂ)ﬁ trt%g?é@l) gnal ('I!E_S) cor rlg;pong to the, groove
structure of a Mag(RkerGRigos@ht adwiktagEiofuheinyentiomis hat Hag R f?gme‘ieF cgnal
affected by detection of hard sectors on a nmagnet,o- Feals g irfibleHieat 6
 shows a synt hasicking ¢rrercsigna) in real timg g 3 #‘é&%#?t?ﬁ%%ﬁé“@%‘?g’bfg?u ng the
. TES signal of Figure, 5. F gur ' bl ack di agram of the system 130 for
conpensat i ng @g?rgﬂ%ﬁlwgs@@[%?eé%t?n&éa%%‘%@ ion of tracking error signals
used in the opti cappedi aid Sthevahvanmpesofiahe inveution will facgmeanere;rea lyiAppaten

di agram of the TES reconstruction ¢ircuit 138 .of FEi-qu:e % . s,
’ upon review of the accompanying Grawings and Spegllﬁgg{l&l, including the claims

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 illustrates an optical disk drive system inco;porating a system for
compensating for hard sector noise degradation of tracking error signals emquying

various features of the present invention. .
Figure 2 illustrates a quad-photodetector circuit for generating a tracking error

- signal (TES) in the optical disk drive system of Figure 1.
Figures 3 and 4 show how an.idealized tracking error signal (TES) corresponds -
to the groove structure of a magneto-optical disk.
Figure 5 shows a tracking error signal affected by detection of hard sectors on
a magneto-optical disk. |
Figure 6 shows a synthesized tracking error signal reconstructed by integrating

the TES ‘signal of Figure 5.
Figure 7 is a block diagram of the system 130 for compensating for hard sector

noise degradation of tracking error signals used in the optical disk drive system of

Figure 1. -
Ficure 8 is a block diagram of the TES reconstruction circuit 138 of Figure

Fioure 9 is a block diagram of the logic circuit 142 of Figure 7.

Fieure 10 is a block diagram of the hard sector detection circuit 140 of Figure



Figure 9 is a block diagramof the logic circuit 142 [ [ '
i 8 a block diagramof the hard sectorgdet ection ci rcuiOI Elélgu(rn? |7:| glljlrgu;e 0
-6- Figure 11 is an exanple of an electrical circuit for inplenenting t he
hard sector detection circuit. Figures 12-17 are timng di agrams |
iI'lustrating the operations of various elenments of the hard circuit
detection circuit. Figure 18 is an exanple of an electrical ci rcuit for
i npl ementing the TES reconstruction and logic circuits. Figures 19-23 are
timng diagrams illustrating the operations of various elenents of the TES
reconstruction and logic circuits. Fi gube 24 illustrates a systemfor
i npl ementing the present invention which includes both hardware and
software el enents. Figure 25 illustrates an exanple of .a software.r hne
i mpl enented in t hggeeNPLean Sxampld of B glectrical cinen foE 1 qu‘quﬁgltgr eg}g&gn
exanpl e of a software routine inplemented in the conputer shown in Figure
gfr\(/)\/;n gihgﬁZ?sa%}?ﬂ&mm p@?}ﬁ-t echniglue to estimate val ues of the tracking
- ughoui, the,sensral Nigums illdteatingf treeoperations of Yasiqus

el ements. DESOR F#g% o¥-2+ZEa%R ERRED EMBODI NENTS Ref or fing to Figure e

ere i s shqyinédts oPithe harddischitdietectiopycirewta 10 whi ch i ncl udes a“tracki ng’

error signal (TES) conpensation system 130 f.or |
g(r): \s/e degr adat i onFigre &@ﬁiaage)@mpi? . i@n%‘??‘callh%%:@zw Jrll O%Iﬁ{)npé{| ?%gFEg?;Er
e system 10 and.al | .é);qgliéiirgﬁi@ents, except for TES conpensation system

130, are dederensBychion ga i'm cormonl y assigned U.S. Patent 5,220,546,

I ncor por at ed her ej r AESH S tads
. tracking error s%%g}géé(%%gg gt?ijﬁm & lmmwamgsm ORFIEOONS et YIS
‘ elements of the TES reconstruction and logic circuits.

Figure 24 illustrates a system for implementing the present invention which

=

includes both hardware and software elements.
Figure 25 illustrates an example of a software routine implgmented in the

computer shown in Figure 24.
Figure 26 illustrates an example of a software routine implemented in the
computer shown in Figure 24 which uses a statistical technique to estimate values of

the tracking error signal.
Throughout the several views, like references refer to like elements.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figure 1, there is shown an optical disk drive system 10 which
includes a tracking error signal (TES) compensation system 130 for compensating for
hard sector noise degradation of tracking error signals. The operation of optical disk
drive system 10 and all of its elements, except for TES compensatiori system 130, are
described in detail in commonly assigned US Patent 5,220,546, incorporated herein
by reference. TES compensation system 130 receives tracking error signal (TES) 63A
from quad-detector 62, hard sector detection input signal 87 generated by differential
output amplifier 85, and a "seek” or JUMP signal 131 generated by microprocessor
40 when the optical disk drive system is operating in a "seek” mode, also described
in U.S. Patent 5,220,546. The signal 87 encodes information from which TES

compensation system 130 determines whether a hard sector has been detected on the



from quad-detector 62, hard sector detection input signal 87 generated by
ditfferential output anplifier 85, and a "seek" or JUWP signal 131 generated
by m croprocessor 40 when the optical disk drive systemis operating in a
"seek" node, also described in U 'S. Patent 5,220,546. The signal 87 encodes
I nformati on from whi ch TES conpensation system 130 determ nes whet her a
hard sector has been detected on the -7- magneto-optical (MO disk 30.
The JUWP signal 131 is a logic signal that indicates whether the | aser beam
- 72 which scans the disk 30 is to be directed across tracks of the disk. The
out put of TES conpensation system 130 issa tracking error signal 63B which
Is provided to focus and tracking system 54; TES signal 63B nay be
characterized by one of four types of signals which are identified in the
bottom row of TABLE n guND | & Dfogid sigpdlsthitihdiates
146, as desc g %%gmrdlggwﬂ@ggenerg%n%ﬁl% TESggdl %al 63A |i<s
descri bed wi tpdikdranenaer b@axﬁlﬁsnhﬁhams&he wmttgdzedmmedmwomc of

i ndependent phot o-responsive el ements A, C an D

are connect edhe disknalheowputrefkES G%P?Fb“afd?ff SFem iégl‘? B 5%‘%%%1@ 898

signal (A + %{h g.the g V?o p ‘ﬂfaclgh f g@ﬂ; isq} arEs isigral 68B'.may be
15815 }%ﬁa ement

- Simlarly, nd C are connected to a second
S circuit sunm ardeterized byléhe, ofV!ﬂOuﬁ types of Blglal,s vs‘tuplp Iatﬂaslentlﬁeém b%qm FBV+

C) to the negative input of dlfferentlal 0

bet ween t he CQﬁTABtLEsdrrdeRde n he ?gc_lev gBF%‘ f%l ggas tfackl ng eeFiror

signal 63A by.d ffgre"tlal anplifier 104. LI'he el enrent pairs (A D) and (B O
- of quad-dete Hy be separated by a track center |ine 100, g&gn

Figure 4, being irThégaiestic oSTBS sighal @Auhéescabed withapeferencedp| I %’Idf

t he rotatlng di sk 30. The recording.tra ocat rgi @

grooves, - as shoRuadsletecios ﬁ%?é§°¥l‘9deMﬁFWQ’$¥°aFﬁ§p?%ﬁlYe angﬁl%h{snﬁ'e&r el at | Ve

position of ck cen TlrreAPABEMM, ékdimsmmpplyhe

anl@algm %A gy %}‘3 c%ﬁﬁ’ect aﬂﬁlo% gl

el ements A B fere l'ight intensities of (i
~reflected | asgfe figPeipra (AMID)&the pss‘itlve input of differential amplifier 104. Sxmllar Y,

the output signals of elements B and C are connected to a s?congl circuit summing

circuit 103, which, in turn, supplies its sum signal (B + C) to the negative input of
differential amplifier 104. The difference between the current sums (A + D) and (B
+ C) is provided as tracking error signal 63A by differential amplifier 104. The
element pairs (A,D) and (B,C) of quad-detector 62 may be separated by a track center
line 100, shown in Figure 4, being irradiated at spot 101 by the laser beam 72
reflected off the rotating disk 30. The recording tracks may be located either in the
grooves, as shown, or the mesas 115. During track following, the relative position of
a track center line 100, 110 or 111, moves with respect to the elements A, B, C and
D, resulting in different light intensities of the reflected laser beam 72 on the element
pairs (A,D) and (B,C). - The different intensities result in TES 63A bemg idealized as |
a sine wave, as exemplified in Figure 4.

Figure 3 shows a cut-away section of the MO disk 30, wherein the tracks 95
are shown aligned with the arcuate shaped grooves 97, appearing to be straight due
to their small arc lengths. Track center lines 100, 110, and 111 lie along the center
of the respective grooves 97. As the laser beam 72 interrogates the MO disk 30, and
is focused on the tracks 95 in the grooves 97, the maximum reflected laser light

intensity capable of being reflected to the quad-detector 62 is indicated by spot 101



pairs (A, D) and (B,C). The different intensities result in TES 63A being
| dleal i zed as a sine wave, as exenplified in Figure 4. Figure 3 shows a
cut -away section of the MO disk 30, wherein the tracks 95 are shown aligned
with the arcuate shaped grooves 97, appearing to be straight due to their
smal |l arc lengths. Track center |ines 100, 110, and 111 lie along the
center of the respective grooves 97. As the |laser beam 72 interrogates the
MO di sk 30, and is focused on the tracks 95 in the grooves 97, the maxi num
reflected laser light intensity capable of being reflected to the
quad-detector 62 is indicated by spot 13l (Figure 2). Referring to -
Figures 3 and 4, as the | aser beam 72 scans across a track 95, the
intensity of the |aser beam 72 decreases as it passes over a zero axis,
crossing 112( fgturéli ‘f{&&ﬁl lto lFQpiRea i @ 4fastthe lapepbears AI7scanY 2¢I0ES Adgk o9,
reachi ng po F ve g'ea S and negative peaks 116 at the gr9o égfiﬁﬁn :
boundar i es s thelfienbRP of it iaserdame %2 dptrrasee as 1Pagseg OVEr 4 PO SR PIE as
a sine wave. However, as the ]aser_.heam Cteathing @ositivewn)
on the MO di ki @che varticahh ESBfBFr%Oé%‘?St age %Sgﬁé%?gtg*r}%éTESggognal 63A
decreases to_the.rgf . ; roogenmsabbyndaries 148! t s, whi ch
obf A4 FO A RARE 116 R B g
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vol t age magni tude of TES signal 63A to approach r MO Hisk370,
during each Howeverpas thedasesiosam & ?‘]a“éﬁdgg'fléf’?tﬁyéoﬁgsblrjga oéﬁg%,\swg '

reconstructed signal .14 ' &FqRs TRSCigthl 30 devreaspotathedrefrsendeons
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~as shown in Fi E}dtjg'ré’ew_é.g’ gféherefyore yste %8 a|§,b=| @ﬁ#ﬁl&gﬁv&]&t t WHi&h fnay, for
advant ageoushereinacFigyes 5 $hows ac éf‘%‘&i b St 1 ich correct$ the

. TES signal for any signal ibyal $31Ae ¢ approadh Vg at seeidons s
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i by the | aser erri ere is shown TES

' conpensat i ony5y JufifAg tach vhiiafe ietoysls Tqnod T,oFigaed shawso rc;ﬁgpgtéuq}gb siggal .
of tracking (latrli (\);vrhicshl I?z?sarlegor;s{]ru}:tgg agg t11"1'1(&:31531{3|olated sections 136 for the intervals T, and T,
so that signal. 144 fairly accurately represents signal 63A which has been affected by
hard sectoi‘s,.as shown in Figure 5. Therefore, system 10 illustrated in Figure 1
advantageously includes 2 TES compensation system 130 which corrects the TES
signal for any signal degradation caused by detection of hard sectors by the laser beam
72.

Referring to Figure 7, there is shown TES compensation system 130 which
compensates for hard sector noise degradation of tracking error signals in the optical
data storage system 10 shown in Figure 1. System 130 includes a TES reconstruction
circuit 138, a hard sector detection circuit 140 and a logic circuit 1_42. TES signal
63A, generated by quad-detector 62, is received by TES reconstruction circuit 138 and
logic circuit 142. Hard sector detection circuit 140 generates an output signal 146,
preferably having a logic HIGH voltage level when circuit 140 determines that input
signal 87 provided from differential amplifier 85 (Figure 1) indicates that laser beam
72 is scanning a hard sector on the disk 30. . However, signal 146 preferably is a logic
LO when hard sector detection circuit 140 does not detect a hard sector from signal
87. Logic circuit 142 generates an output signal 148 having a predetermined logic

level, such as a logic HIGH, when logic circuit 142 receives both: 1) a JUMP signal



L9
data storage system 10 shown in Figure 1. System 130 includes a TES
réconstruction circuit 138, a hard sector detection circuit 140 and a |l ogic
circuit 142. TES signal 63A, generated by quad-detector 62, is received by
TES reconstruction circuit 138 and logic circuit 142. Hard sector detection
circuit 140 generates an output signal 146, preferably having a | ogic H GH
vol tage | evel when circuit 140 determines that input signal 87 provided
fromdifferential anplifier 85 (Figure 1) -indicates that |aser beam 72 is
scanning a hard sector on the disk 30. However, signal 146 preferably is a
| ogi ¢ LO when hard sector detection circgit 140 does not detect a hard
sector fromsignal 87. Logic circuit 142 generates an output signal 148
having a predeterm ned |ogic |level, such as a logic H GH, when |logic . :
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| aser beam 72 reddnstrocred EES signgintd4 which perpalatesA5PEoRs e €5 ? |gure ﬁ is
a logic LO indicating that, the,system 10 4 t hedase? Beans 92k" Ifirode
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however, signal 131 is a l,ogic H GH a ' 4916511, 129] & On Medisk he
TES reconstrd@'?ﬁ’téﬁllt%an&ﬂrtJ“‘%?SacﬁquF@Fg%f‘fcg%%g}ag%%ﬂ?]’tlelg)r’ét s the TES si gnal

- 63A wi thout afy 01 6708 MRSeNbLOiredly Thtbughrthe bugic ciyonie 142 8nd 130
is summari zedaj:rﬁl%ﬁrfgﬁélgg%Lgﬁ @b . _ . o GH
output as signal 63B, regardless of whether signal 146 is a logic LO or a logu.: .
If, however, signal 131 is a logic HIGH and signal 146 is a logic LO, then the TES

reconstruction circuit 138 differentiates and integrates the TES signal 63A without any

interpolation. The operation of TES compensation system 130 is summarized in

TABLE 1.

TABLE1

CHARACTERIZATION OF OUTPUT SIGNAL 63B AS A
FUNCTION OF THE LOGIC STATES OF SIGNALS 131 AND 146

" Signal Name Case No. 1 Case No. 2 ‘Case No. 3 | Case No. 4

"Emp signal 131 | Logic HIGH | Logic HIGH | Logic LO Logic LO

HS Detect Logic HIGH | Logic LO Logic LO Logic HIGH
Signal 146

i hput
Output Signal Integrate & Integrate Throughput Throug_ p
G;Bp Interp. d(TES)/dt TES Signal | TES Signal

d(TES)/dt wo/lnterp.




CHARACTERI ZATI ON OF QUTPUT SIGNAL 63B AS A FUNCTION OF THE LOGJ C S

_ TATE :
S GNALS 131 AND 146 Si gnal Nane Case No. 1 Case No. 2 Case No.S ??: -
Case No. 4 Junp signal 131 Logic HGH Logic HHGH Logic LO Logic LO

HS Det ect Logic HHGH Logic LO Logic LO Logi i

gic H GH Signal
146 Cut put Signal I ntegrate & I ntegrate Thr oughput Throughputg638
I nt erp. d(TES)/ dt TES Si gnal TES Signal d(TES)/dt wo/ | nt erp.

-_10 Referring to Figure 8, TES conpensation circuit 138 includes a
differentiating circuit 152, a sanple-and-hold circuit 158 having a
normal |y closed switch connected to a bufi@r 161, and integrating circuit
162. Differentiating circuit 152 transforns an input signal, such as a
tracking error signal (TES) 63A into a tine differentiated TES sjgnal

154A. The tine di ffReRpidRicFighiS, IESGIm iorscitdwito tudes a difsrentiating
closed switch 156 to and ggtoréd by t he buI?fﬁléaﬁt ko 2 Ffé?ﬁﬁﬂlqyl
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circuit 162 when s 156, 1 t |
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signal 148 is ,?,ggpggﬁalg@ch%e@ ﬁa%kmgwon/@gmsﬁmsamsmanm ume diffferepfiated

previously sta ut_si gnal

- 146 i ndi cates sibual 115I4é hﬁh@“@é@%‘?feﬂﬁgthg%l%ﬁaP% \{thff’%ge tg\lé‘% %@iﬁ&osed

"hard sector t| C JHR
signal 131 gen%’?"é‘g’ggﬁ[]{ @Pa&%@&ﬁfg’g?ﬁ(&’ﬁ?"éﬂy g‘%]gl?l-l@ics;lao?gdl cat ?‘F\eé’
that the MO di &% d Qi Ardust i9R@IAEA ROni thetihtegtatingleirouitdes2 Whemswitth 456 156
is closed, the buffer
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' 148 is a logic HIGH. As prevmusly stated, mput signal 148 is a logic HIGH when
the output signal 146 indicates that the hard sector detection circuit 140 has detected
a "hard sector” on magneto-optical ("MO") disk 30, and the value of JUMP signal 131 |
generated by the microprocessor 40 is a logic HIGH, indicating that the MO disk
system 10 is operating in the "seek" mode. When switch 156 is closed, the buffer 161
stores the generally instantaneous value of the time differentiated TES signal 154B.

However, when switch 156 is open, the buffer 161 stores the last valid value of the
time differentiated TES signal 154B at the time when switch 156 changed from a
normally closed state to an open state. The integrating circuit 162 generates an
integrated output signal 144 that is the integral of the time differentiated TES signal

154C stored in sarlnple-and—hold. 158 during the period when signal 148 is a logic '

HIGH. Thus, integrated TES signal 144 is essentially an approximation of the TES
signal 63A as though signal 63A has not been affected by detection of hard sectors.

The logic circuit 142, described with reference to Figure 9, includes a normally
closed switch 170, a normally open switch 172 and an AND gate 174. Normally
closed switch 170 throughputs TES signal 63A when signal 131 from mMicroprocessor
40 is a logic LO, indicating that the optical disk system 10 is not operating in 2 "seek”
mode. However, when signal 131 is a logic HIGH. then switch 170 is open, thereby
preventing TES signal 63A from being directly throughputted out of the logic circuit

142. When signal 131 is a logic HIGH, then normally open switch 172 closes so that



normal Iy closed state to an open state. The integrating circuit 162
generates an integrated output signal 144 that is the integral of the tine
differentiated TES signal 154C stored in sanpl e-and-hold 158 during the
period when signal 148 is a logic H GH Thus, integrated TES signal 144 is
essentially an approxi mation of the TES signal 63A as though signal 63A has
not been affected by detection of hard sectors. The logic circuit 142,
described with reference to Figure 9, includes a normally closed switch
170, a normally open switch 172 and an AND gate 174. Nornmally closed sw tch
170 t hroughputs TES signal 63A when signal 131 from m croprocessor 40-is a
logic LO, indicating that the optical disk system 10 is not operating in a
"seek" node. However, when signal 131 is a logic HGH then switch 170 is

open, thereby preventi i qBedasiragtioti cientit 138 i outgibfemed
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140 uses si gRéﬁ exe n Figure 12, to, deternjne when hard
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as represented in_.Figure 13. Amplitude threshold circuit 188 transforms the peak
values of signal 186 into a signal 190 representing the values of signal 186 that exceed
a threshold value, as for example, -a signal that preferably represents the 80th
p.ercentile and more of the peak values of signal 186. Signal 190 IS represented, by
way of example, in Figure 15. Pulse width threshold circuit 192 acts as a pulse width
filter so that only those pulses of signal 190 having widths which exceed some limit,
as for example, greater than about 2 microseconds, cause the pulse width threshold
circuit 192 to generate an output signal 146 preferably having a logic HIGH §tate
indicating that the hard sector detection circuit has detected a hard sector from input
signal 87. The signal 146 (Figure 17) preferably has a pulse width, T,w-r, in the range
of 40-80 microseconds. As shown in Figure 9, the output signal 146 is provided as
an input to AND gate 174 of logic circuit 142, described above.

The hard sector detection circuit 140 may be implemented as shown and
described with reference to Figure 11. Signal 86 and its complement, signal 86.
together comprise signal 87 and are generated by differential output amplifier 85.
Signals 86 and 86 are both provided to differential amplifier 202 of datg preamplifier

180 which generates single ended output signal 182, typically comprised of a series



percentile and nore of the peak values of signal 186. Signal 190 is
represent ed, by way of exanple, in Figure 15. Pulse width threshold circuit
192 acts as a pulse width filter so that only those pul ses of signal 190
havi ng wi dt hs whi ch exceed sone limt, as for exanple, greater than about 2
m cr oseconds, cause the pulse width threshold circuit 192 to generate an
out put signal 146 preferably having a logic HHGH state indicating that the
hard sector detection circuit has detected a hard sector frominput signal
87. The signal 146 (Figure 17) preferably has a pulse width, T[err] in the
range of 40-80 m croseconds. As shown iniZigure 9, the.output signal 146 is
provided as an input to AND gate 174 of logic circuit 142, described above.
The hard sector detection circuit 140 nmay be inplenmented as shown and
descri bed wi to? LREEPBECS iowi BUFRulel 12, Sayird a Bandwidth genesaliyp ik thentangs of nal
86. together (?ITDI’I Se’signal 87 and are generated by differenti al '§Utf’dﬁt
anmplifier 85. b§+tgi§ﬁh@ Mz, 289 dré¥itlingtioth bighhls 86 amd Bédta diffrantiel amplifier 202, -
anplifier 2020 ata preanplifier 180 whi ch generates, si ngllgfe en ec{ Qut put
si gnal 182, taylgixﬁﬁgel preseab i sigaal 87 isﬁgmrallgscanceleQQut.oﬁlq@ﬂ dijyg?uasg lown
in Figure 12, having a bandw dth generally. in, the lﬁgﬂ QralyHz .
By providi ng 183tis peavided to the P&ﬂﬁdgﬁct%cﬁ?‘ﬁ? w%ﬁ'i’n?“élﬁ ﬁ{zﬁgﬁ er eg(l)tgja’o%)gy zHZ
noi se present Jn signal 8¢ 1 [ | ggghgpq%os' eak aletbetoruncplit
si gnal 182 is°fl|§F‘WP eﬁsf%oﬁgl%ggggét&fg?ﬁg rcuit 184%i ch may be
_inplenented, {34 Makowh ifFigled3.as shown in Figure 11. The output signal

' 186 of the peak detector circuit 184 is .sho i Lolr e 135 18eisQitaRtdd to
' signal 186 generat'EhBWPV%%&I@G@QP%@FG?I’YC%?E’E%E?L 'f‘s:&%ﬁnrlectlesd to a
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differenti al denerates an output_ signal 212 havin e .

“val ues 213 irmff@fénﬁanﬂggnﬁeﬁzm generates aepw&sém@@-g 2he bayngPe ,V%H'%aazp n
wavef orm characterized by a very fast .ri.se ti ized@B{ a2
much sl over dtbeagngei ofc2-6ovRlisaFpresepieddp lg‘ffgrqu}s aé‘g gts‘&g‘{&%ﬁ%nal 62*1}2128 byl
represents a 9&9?&? %@hh@%e%taﬁ@%k%%k Al aGaud slé\bér &dcgy dime constant, TPK;;o

rise>

i decay» SO that signal 212 represents a good sampling of the peak values of the signal
182. By way of example, TPK;10 gecy = 100*TPK,;0 e @S established by the peak
| detection circuit 184. Comparator amplifier 214 transforms signal 212 into output
signal 190 which may have a peak value of about 5 volt_s, as exgmpliﬁed in Figure
15, a relatively slow rise time constant TPK;;4 e of about 2 microseconds, and a very
fast decay time constant, TPK 4 4.y SO that signal 190 discharges quickly. The output
signal 190, exemplified in Figure 15, of the amplitude threshold detector 188,
typically has a voltage amplitude generally in the upper 20 per cent range of the
amplitude of signal 186. With reference to Figures 14 and 15, when the voltage
amplitude of signal 212 equals or exceeds a threshold level, L,, signal 190 increases
to a voltage logic level which may be +5 volts, for example. However, when the
voltage amplitude of signal 212 drops below threshold level L,, the voltage amplitude
of signal 190 discharges to zero almost instantaneously.
Pulse width threshold circuit 192 may be implemented, by way of example,
as shown, in Figure 11. The pulse width threshold circuit 192 transforms signal 190
into an output signal 146 having a predetermined pulse width. Tewr. for example, in
the range of about 60 to 80 microseconds. Comparator 216 of pulse width threshold

circuit 192 generates a generally rectangular pulse 218 having, for example, a +5 volt



182. By way of exanple, TPKlerr]> 100*TPK[err], as established by the peak
detection circuit 184. Conparator anplifier 214 transforns signal 212 into
out put signal 190 which may have a peak val ue of about 5 volts, as
exenplified in Figure 15, a relatively slowrise time constant TPK[err] of
about- 2 m croseconds, and a very fast decay tinme constant, TPK[err] so that
signal 190 di scharges quickly. The output signal 190, exenplified in Figure
15, of the anplitude threshold detector 188, typically has a voltage
anplitude generally in the upper 20 per cent range of the anplitude of
signal 186. Wth reference to Figures 143and 15, when the voltage anplitude
of signal 212 equals or exceeds a threshold level, L[err], signal 190
increases to a voltage logic |evel which may be +5 volts, for exa&g%er
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the TES interpolation signal 144 is not interrupted if a hard sector no longer is being

detected by hard sector detection circuit 140, given that the bandwidth of the hard
sector detection circuit is much greater than the bandwidth of focus and tracking
- circuit 54.
| An electrical circuit for implementing the TES reconstruction circuit 138 and -
' 1ogi;: switching circuit 142 are shown, by way of example, in Figure 18. Differential
circuit 152 includes a low pass filter comprised of the parallel combination of 2 5 K
ohm resistor 153 and .002 uf capacitor 151 to reduce noise in TES signal 63A. The
filtered signal 63A is differentiated by operational amplifier 159 wh.ich provides time
differentiated signal 154A to normally closed switch 156.

When closed, switch 156 throughputs time differentiated signal 154B, received
as time differentiated signal 154A from differentiating circuit 152, to sample-and-hold
circuit 158, comprising normally closed switch 156, buffer 161, which may be
implemented as a .001 uf capacitor, and operational amplifier 163. However, switch
156 is in the "open" state when the values of JUMP signal 131 and the hard sector
detect signal 146 both are a logic HIGH, which causes the output signal 148 of AND
gate 174 of logic circuit 142 to be a logic HIGH. The .001 uf capacitor 161



In general, the pulse width of signal 146 is about 40 m croseconds | onger
than the pul se width of signal 218. Another reason for the tine del ay
T[err] is to assure that the TES interpolation signal 144 is not
interrupted if a hard sector no longer is being detected by hard sector -
detection circuit 140, given that the bandw dth of the hard sector
detection circuit is nuch greater than the bandw dth of focus and tracking
circuit 54. An electrical circuit for inplenenting the TES reconstruction
circuit 138 and logic switching circuit 142 are shown, by way of exanple,
in Figure 18. Differential circuit 152 ingludes a | ow pass filter conprised
of the parallel combination of a 5 K ohmresistor 153 and . 002 uf capacitor
151 to reduce noise in TES si gnal 63A. The filtered signal 63Ais "
differentiated by aperatio Wwofemetdifferentiated sign
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interval T,, when the voltage levels of JUMP signal 131 and hard sector logic signal
146 are both a logic HIGH, then the output signal 148 of AND gate 174 is also a |
logic HIGH. In such case, detection of a hard sector on MO di§k 30, represented by
hard sector detection signal 146, causes the voltage level of TES signal 63A to be at
or near the reference voltage Vy, during the interval T, as shown in Figure 22.

However, as shown in Figure 23, during the time interval T,, the TES reconstruction

circuit 138 provides an integrated, reconstructed signal 144 which is output through
node 236 (Figure 18) as signal 63B.

Operational amplifier 177 of integrating circuit 162 integrates signal 154, the
outpuf of sarnple-and;hold circuit 158. The integrated output signal 144 generated by
operational ampliﬁér 177 of integrating circuit 162 is directed to normally open switch
230 of logic circuit 142. When the value of JUMP signal 131 is a logic HIGH,
normally open switch 230 of logic circuit 142 is qlosed so that integrated signal 144
is throughput to operational amplifier 232 when the value of jump signal 131 is high.
Operational amplifier 232 provides a buffer between integrated output signal 144 and
output signal 63B. However, if the value of JUMP signal 131 is a logic LO, then
TES signal 63A is throughput directly through normally closed switch 234 of logic
circuit 142 while normally open switch 230 remains open. Either one of TES signal

63A or integrated output signal 144 is presented to node 236 and then is buffered by



The ‘operation of TES reconstruction circuit 138 and |l ogic circui
exenplified in Figure 18 is further described wth refgrence fglthé4$ining
di agranms of Figures 19-23. Figures 19, 20, and 21 collectively show-that --
during the time interval T[err] when the voltage levels of JUW signal 131
and hard sector logic signal 146 are both a logic H G4 then the output
signal 148 of AND gate 174 is also a logic H GH In such case, detection of
a hard sector on MO disk 30, represented by hard sector detection signal
146, causes the voltage |evel of TES signal 63A to be at or near the
reference voltage V[err], during the intgsval Tlerr], as shown in Figure
22. However, as shown in Figure 23, during the tinme interval T[err], the
TES reconstruction circuit 138 provides an integrated, reconst r uct ed si gnal

144 which is output §hrough ' G3ghal
amplifier 17?%4%}%%%&%?‘%%%??58@? éfgsﬁfgﬁ?é%%?‘gg? gg?lutlm, tqgg gg{?? |

of sanpl e- andsplrel Gfysitdi signbb $3BTHeprésents crither TESusignal 834ren infegratse Ryt
by operatlong?. anpl i fifrseurﬂ 1g..7r£7h of int egrattj.n ci.rc illgu 62 ?ﬁ directed toa o
g_or rra: I 31/32p_ermgmlltlél4, demending onythe Yﬁl\“aﬁtmg‘ﬁt .lg‘%lt%ig’fﬁgd\}a%e of JUWP

- signa is a logic H nor [al en: JW arihr&kofcRal nbinati

is closed so that Ht@&rﬁaeﬁlagiag%awf s %%l@ghpute{t%% op(—'j.'(r:‘z:a?ihgﬁig,lubn,lab2
Canplifier 232guaen ! PeabaleoOhciudshatd giotr detttion cicyit. 140pwhighipyaxides the
| anplifier 232 provides a buffer between integrated output signal.,dld4

out put si gnal hdi3Becidowenmt, sigral t146 toa digita} dataNAPOSSSEHa OT oM era"ﬂtggidétﬂgro'

then TES signal 63A is throughput. directly. h X .
i or 11 ¢ Corebd ol T TR IR o0
{0 node 236 =50 téfn %irﬁj@%ﬁeﬁfs d drRstiter @@cmuble pirogrann302, Tepresentest insEiguesy

uffered b oper at i | i, fi s
gr;gnerat ets buf%ﬁrwﬂilc_:]EiEﬁseSlﬂldeVQh @fﬁéigr@imgﬂmeldon é?ggeyéé rfg?s%&m@lﬁgélﬁf
__ presents either S. signal 63A. .or,iRkeqr t S
- dependi ng on EBARRSIEMIHES 0333‘?‘?1 @t%%g?fg’ %ﬁ‘lﬂgﬁb’g ¥4%g&ré§ésf? ﬁ»ﬁ%éﬂgxarg?lgb
| ibﬁCanOdl ed m%{g}ﬁrﬂ)@gggf&%;yv\@{ag o Rhcattli am a compiterviROM. 61 ar @ %ﬂ?eﬂieo

ude hard SeCtor detection circuit 140 which ,oidltlas th .
magneto-optical disk, magnetic tape, and the ll(f(e, \B{HCK when reag by computer 300,

implements the method steps represented in Figure 25.

Referring to Figure 25, there is shown a process represented by a flowchart
302 exemplifyihg a digital implementation of the invention. Commencing from step
303, the process 302 proceeds to step 304 where the digitized representations of the
TES signal 63A, TES,, are sampled, where n represents the most recent, periodic time
sampling interval having a sample period, Ts. Then, at step 306, a determination is
made as to whether signals 131 and 146 are both a logic HIGH. If the determination
at step 306 is YES, then the process 302 proceeds to step 310 which determines kth
order derivatives of the sampled TES signal, where k is a positive integer. From step
310, the process 302 continues to step 312 which determines an approximated TES
output signal, TESOy,, for the most recent time sampling period. Then, at step 314,
the last p values of TESO are stored, where p is a positive integer. At step 316, the
most recent approximated value of the TESO is output. Process 302 then ends at step
318. If, however, the determination at step 306 is NO, then the process 302 proceeds
to step 308 where the value of TESO,, is set equal to the value of the sampled TES
signal from the most recent nth time interval. TESq,. From step 308, the process 302

continues to step 314, as described above.



hard sector output signal 146 to a digital data processor, or conputer 300.
Qther inputs to the conputer 300 include TES signal 63A and the JUWP signal
131. The conputer 300 inplenments a conputer executable program 302,
represented in Figure 25, which uses the levels of signals 131 and 146 as
the inputs to determine the characteristics of the output signal 63B, as
previously descri bed. By way of exanple, program 302 preferably nay be
encoded on a conmputer ROM or on a diskette, magneto-optical disk, magnetic
tape, and the |like, which when read by conputer 300, inplenents the nethod
steps represented in Figure 25. Referringsto Figure 25, there is showm a
process represented by a flowhart 302 exenplifying a digital

. inplenentation of the invention. Commencing fromstep 303, the process 302
proceeds to step %ﬁ%n‘éﬁ@ﬂ&ﬁ‘oéﬁﬂﬂ‘émdéﬂhé d7sdl ireplemsntation of the invention at=ER3 Hhal
63A, TES([err]) are sanpled, where err].represent? tﬂﬁ nost re%wt av be
peri odi ¢ ti Mehe detekmirgtiont i thelkth svderdegivaivg Valug f9To ! Sﬂi)[ &, 5tep R &
step 306, a determ pation iatg.n&:(rjﬂe ﬁs éobe t her signals 131 and 146 are
both a | ogi c Alcujated ps setfopB B EAURNPR 5P st ep 306 is YES, then the
process 302 proceeds to step 310 which determ nes kth order derivatives of
the sanpled TES signal, where k is a positive integer. Fromstep 310, the
process 302 continues tadEg §1’25%i'cﬂ'ﬁﬁu-ﬁrm nes an approxi mated TES
out put signal, TESO([er <1t ofr The ngst recént tine sanpling period. Then,

at step 314, the last p values of TESOgare__ stored, where p is a positive’

integer. At step 316, the nost recent approxi mated val ue of the.TESQ i
out put . Pr oceshberdRistd1positiv integer eand |fk=318's represent bg SAmpliRg tiyae é‘?tﬁfvr%;t‘t z?néi n

~at step 306 is NO then the pracess 30 0ceag: fr8cen fim:
~val ue of TESCnel)rppiegentsy eé&ﬁ’ﬁ ng g‘“}"ﬁ%‘%%}‘gﬁ‘ & gﬁﬁg LP %ggrr‘g@g&ﬁ%gﬁg Tanal from

.the npst recenf h,ti j EVik 8112 the Gpproxirhatpd ¥aRe dfithe ut302
continues to .eégél!ﬁ'ﬂf,lﬂggéﬂld%%c’rﬁﬁb%g gggve.’] ?16-_ In one emhodi nent of the
- digital inpl ATESO,pinaytie deterasinedin accozdange with Equatioged. 49%at i on of
the kth order derivative values for TES([err]) at step 310 may be
dTESOg.y

In a second embodiment of the digital implementation of the invention, at step

| 3;10 higher order derivatives of the TES signal may be determined, as for example,

where k is a positive integer and k> 1. In such case, such kth orde; derivatives may

be determined in accordance with Equation 3 below:

d*VTESO,, d%“PTESOu,

d*TESO, _ dt &1 dt&D
dek Ts
d°TESO
where it is to be noted that ——&t—oﬂ)- = TES and where m represents the most

recent sampling time interval. Then, at step 312, the value of the approximated TES
output signal, TESOy,, at the most recent sampled interval, may be approximated

using a Taylor’s Series as set forth in Equation 5 below:



cal tul ated as set forth in Equation 1 below [err] where k is a positive
integer and k=1, T[err] represents the sanpling tinme interval, and (n-1)
represents the sanpling tinme interval imediately preceding the nost recent
time interval, n. In such case, then at step 312, the approxi mated val ue of
the TES out put signal, TESQO([err]) may be determ ned in accordance with
Equation 2, below [err] In a second enbodi nent of the digital

i npl ementation of the invention, at step 310 higher order derivatives of
the TES signal may be determ ned, as for exanple, where k is a positive
integer and k > 1. In such case, such ktf7-order derivatives may be

determ ned in accordance with Equation 3 below [err] where it is to be

not ed t hat [err] and where mrepresents the nost recent sanpling tine

interval. Then, at step 312, tMe of APERP r03<i mat eddFESsnylggi_u(t
signal, TESO{&is]) - ’$S he go Tt sa&d—ﬁ“‘ Mferval.,. ﬂm—gg— s
approxi mat ed UST @ a Tayl 8™ s Serdtes ad set fddtth in Equationd bel ow:

-17- [err] where k and v are integgrs such that k > 0 and v > 0. Referring
to Figure 26, another inpleneniat A0AESf-15 hepknvention may further include a
step 309, inmediately preceding sfepdﬁlo, ‘where estimated val ues of the TES
- signal, ETES([err]) are deter “hed usi ng the well known "l east squares”
statistical nethod to nore effectively estimte values of the TES signal
~just prior, tanlﬁhiéckcéﬂdomatdimegmsh@etb@bk?-(?%@}’i\ﬁen signal 131'is a logic

Step 300 1o to m e KoFlsprels SPURG el Of 4 3hvedion thay Sufher
| YT TR PS BEGE0 4 Bbs A0 Rkl piucadiny swpch1L, b g RS WGP
TES signal, ETES(,,, are detérmined using the well EcnownE"?'eas{ gqua.res" statistical
method to more effectively estimate values of the TES signal just prior to detection
of a hard sector, i.e., when signal 131 is a logic HIGH. The advantage of using a
"east squares” statistical technique at step 309 is to minimize the effect of noise in
the sampled TES signals, which may be accentuated when the derivatives of the
sampled TES signalsi, TES,,, are determined. Because the values of the TES signal
are stored at step 304, prior to detection of a hard sector signal 146, it is possible to
use a least squares curve fitting technique to fit the TES,, samples to estimate the best
possible values, ETES,, for corresponding values of TES,. The values'of E'I_‘ES,, may
then be used to determine the derivatives, as described with reference to the equations
| above, but where ETES, is substituted for TES,. .

Obviously, many modifications and variations of the present invention are
possible in light of the above teachings. For example, while the invention has been
described with reconstructing signal 63A through interpolation, where signal 63A has
geen idealized as a sine wave, it is to be understood the present inventiop may be
employed to reconstruct any time dependent signal. Further, the invention may be
applied in contexts other than optical disk drive systems. Also, one may implement
hardware circuitry to approximate the TES signal using higher order derivatives.
Therefore, it is to be understood that within the scope of the appended claims, the

invention may be practiced otherwise than as specifically described.



are’ stored at step 304, prior to detection of a hard sector signal 146, it
i%s possible to use a | east squares curve fitting technique to fit the
TES[err], sanples to estinmate the best possible values, ETES[err], for
corresponding val ues of TES[err]. The val ues of ETES[err] may then be used
to determ ne the derivatives, as described with reference to the equations
above, but where ETES[err] is substituted for TES[err]. Ooviously, many

- nodi fications and variations of the present invention are possible in light
of the above teachings. For exanple, while the |nventron—has—bee‘“deEE?Tbed

with reconstructing signal 63A through ingerpolation, R S FepInAS
been idealized as a sine wave, it is to be understood th I on
may be enpl oyed to reconstruct any tinme dependent signal. mn“ iﬁﬂ

i nvention may be applied in contexts otigAIMISin optical di

Al so, one may inplenent hardware circuitry to approxi mate the TES si gnal

usi ng hi gher order derivatives. Therefore, it is to be understood that
within the scope of the appended clains, the invention rray be pract i ced

ot herwi se than as specifically descri bed -18- CLAIMS 1 stem for
~ conpensating for hard sepgyg{e,ﬁlmr%gn@eﬂgamdgtt‘oﬂm@tectoramﬁserdgg@dﬂwnQ 'Q%F&l"g in
- an optical data storage system_ conprising: a hard sector detection circuit
~ whi ch gener at esonsignals in entopticalsdaim slorage Y&WRbL CORPISNEecei ving a first

" input signal. repre det e tif reghidhbe al
di sk; a logic ci rc&i'@r‘ir\fﬁ g‘?\"% mntcggl%&v@n % oﬁﬁﬁ‘m‘gp 1?u{rﬁlgfr%ﬂrle-srfoonse to

recei ving sai ﬂ; I‘é L h-rgoé'hﬂitm}fdt% fépflesenting dedctionpof a haminsector amd magneto-
i trackrng error st gnal® reconstruc i on crrcurt whi ch generates an

~interpolated bptiedl idigk; er ror si gnal while si mul t aneously receiving a
. tracking error signal and sai econd_ou SYS taRivifie
“claim1 wherein saradoglFééq?Pﬁé"qE? g?“%?taﬁéggﬁoggon%lﬁlc@rajoﬁl redgiéhse ¥ =
said first output signal and a second input signal; and

a tracking error signal reconstruction circuit which generates a reconstructed

tracking error signal while simultaneously receiving a tracking error signal and said

second output signal.

2. The system of claim 1 wherein said tracking error signal reconstruction

circuit includes:
a differentiating circuit which transforms said tracking error signal into a time

differentiated tracking error signal;

a sample and hold circuit for storing said time differentiated tracking error
signal and for throhghputting said time differentiated tracking error signal when said
second output signal has a first logic level and

an 1ntegrat1ng circuit for generating said reconstructed tracking error
signal by integrating said time differentiated tracking error signal throughput by said
sample and hold circuit when said second output signal has said first logic level, and
by integrating said time differentiated tracking error signal stored in said sample-and-

hold circuit when said second output signal has a second logic level.
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cirtuit includes: a differentiating circuit which transforms said tracking
error signal into a time differentiated tracking error signal; a sanple and
hold circuit for storing said tinme differentiated tracking error signal and
for throughputting said tine differentiated tracking error signal when said
second output signal has a first logic |level; and an i Sigédiaé B@n Rigided

for generating said interpolated tracking error signal i sai d
time differentiated tracking error signal throughput b umgmumgnd
hold circuit when said second output signal has said firs [ |, and
by integrating said tinme differentiatedjipracki ng error signal stored in
sai d sanple-and- hold circuit when said second output signal has a second

| ogic | evel. REPLACEMENT SHEET 19 3. The system of claim1 wherein
said hard sector get ectfhgn%,g{ernfft&ftclaﬁﬁlyeba&-;eaarsaaarmatdisectofodeteacianscxmun ng

I nt’o

said first input 5ignal a first anplified input signal; a peak
- detection ciffeuidesf or transformng said anplified first input signal into a

peak anplitude signal representing the k anmplit ' B input
Brpl i £16d i nput s AyRmplifien farHROSIIRNOS S CRD U statff g b 8 Sinblified inpu

transform ng ,%ai d peak anplitude signal into an anplitude threshold signal
representi ngsbg?ld peak anplitudes of said peak anplitude signal exceeding a
threshol d val ue; anstaR detection eirdiib farrtramsforming said amplifisd frshupat siggalsey

first output signal” in response to recgivi saj. e \put
si gnal when sgieak mllmdééégfﬁhfﬁ?ﬁpﬂp%&ﬁﬁ’&?ﬁ ﬁ@?ilg"%gpt g&gmqﬁﬁa{é céedﬁlﬁg a
predet er m ned@gf_i od. 4. The systemof claim 1l wherein said |ogic

circuit incld a first switch having said tracking error, si?gag;al a1 ﬁl i ed
thereto, said firsh dplirade thoeshoh desettiontaiicniy fortransfprniog fgidep E} de

except when 8l Ol into 3n amplitade dreshold Sighal fepresetiifh said peak amplitudes of said
peak amplitude signal exceeding a threshold value; and

" a pulse width threshold circuit for generating said first output signal in
response to receiving said amplitude threshold signal when said amplitude threshold

~ signal has a pulse width exceeding a predetermined period.

4. The system of claim 1 wherein said logic circuit includes:
a second switch for throughputting said tracking error signal except when said
second switch receives said second input signal;
a third switch which throughputs said reconstructed tracking error signal except
when said third switch receives said second input signai; and
~ an AND gate for generating said second output signal when said AND gate

receives said first output signal and said second input signal.

5. The system of claim 3 wherein said first input signal has a pulse width,
PW,, and said first output signal generated by said pulse width threshold circuit has
a pulse width, PWyy, where PWg, > 1.10*PW,.

6. The svstem of claim 1 wherein said tracking error signal is generated

s sweer e seen ] | AVINNLRHA
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by a quad-detector.




v
i nput signal; a second switch having said interpolated tracking error
signal applied thereto, said second switch which throughputs said
i nterpol ated tracking error signal-when said second switch receives said
second input signal; and an AND gate for generating said second out put

si gnal when sai d Thi§BSh ®d said first out put signal and said second
I nput signal. 5. claim3 wherein said first input signal
has a pul se wi dth, first output signal generated by said

pul se width threshold ci

Ircuit has a pulse width, PWerr], where PWerr] >1.
10:PWerr]. 20 6. The system of clpgim 1 wherein said tracking error
signal is generated by a quad-detector. 7. The system of claim2 wherein
said tracking error signal reconstruction circuit further includes: a
normal |y closed switchuhi et bidir daiBtraiKideerot sighaldedonstrietivn
error signal to said i%é&%?@nog%ﬁ@?u?@é%%%@gi d s%cond gﬁ?put si gnal has
said first | gghgt ieUdes: and a buffer for storing said tine differentiated
tracking error signal recejved f.romsaj : tdCRacl@ne erro
nmet hod for corrpen§&9¥‘ﬁ@ﬁ5f glps?ﬁgsr"ﬂ&g‘e‘xﬁgbgﬁéﬁéég%?gé}rg%gﬁ%&g&fr_ackignIg error
signal's in ag.aatiCalid Rbgratia® chosit Wivheaid ssoond ostpuy sigel baspaid Jirst logic
generating a first output signal in response to receiving a first input

si gnal repreleyeliand detection of a hard sector on a magneto-optical disk;
generating a seconq, gul pi«Sidalid lithe/ @ffBRAGReA Gatidngieronsighal meéived from
out put signal and"a seconoF [ n%t signal; and generating -an approxi mat ed
tracki ng err g4id Hiogmally iclosedspitolse to receiving a tracking error signal and
sai d second out put signal.

8. A method for compensating for hard sector noise degradation of
tracking error signals in an optical data storage system, comprising the steps of:
generating a first output signal in response to receiving a first :input signal

representing detection of a hard sector on a magneto-optical disk;

generating a second output signal in response to receiving said first output

signal and a second input signal; and
generating a reconstructed tracking error signal in response to receiving a

tracking error signal and said second output signal.

9. The method of claim 8 wherein the step of generating a reconstructed
tracking error signal further includes the steps of:

transforming said tracking error signal into a time differentiated tracking error
signal;

storihg a most recent value of said time differentiated tracking error signal in

a signal storage memory;

generating said reconstructed tracking error signal by integrating said time

differentiated tracking error signal stored in said memory; and

interrupting said step of storing in response to receiving said second output
signal.
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9..° The method of claim8 wherein the step of generating an approxi nat ed
tracking error signal further includes the steps of: transformng said
tracking error signal into a tinme differentiated tracking error signal;
storing a nost recent vatue ofsaid time differentiated tracking error
signal in a si D Ie %Oéaegﬁe..ritaecg&my;_ generating said approximated tracking
error signal ald tine differentiated tracking error signal
stored in sai d1MﬂEﬂll|ﬂ%ﬂﬂlFterrupti ng said step of storing in response to
receiving saidl si gnal . REPLACEMENT SHEET 21 10. The

met hod of claim8 wherein the step of geaé¢rating said first output signal

I ncudes: transformng said first input signal into a first anplified input
signal; transformng said first anplified input signal into a peak

anpl i tude signal r ?@_r es qnt ifdhddI6f Elaik Sanidreinuble step fof generating saidfirst outpuy
i nput signal; transform ng said peak anplitude signal into an anplitude
t hreshol d si ggighalrirgindssent i ng t he peak anplitudes of said peak anplitude

si gnal which exceed a_ hreshol d.val ue. | inabt out put
signal in responsefr f?%%‘élwﬂ’ﬁ*gﬁ?gm‘%ﬁ%r‘\g{ %@eat Er eéﬁ%‘lggqslﬁgjrﬁglﬁ_ aving a
pul'se width which gxcgsqfing sMEdRitcinpliRel iripue signal duto 4 peak amplitnds mig@abf
claim8 further including the step of oufputting said tracking error signal
for use at a tepeeskiting therpeals|amplivedescof f%éﬁlpggﬁ ISP nput signal is

recei ved. 12. The hod of.cl aiym 8 f. i udi Reiestpestold signal
t hr oughput ti ng sai gansforming said’ peaK ar%pixﬂfdtetk?éndl RfrloUsH 'ﬁﬁlﬂl . gn
representing the peak amplitudes of said peak amplitude signal which exceed a

threshold value; and .
for generating said first output signal in response to receiving said amplitude

threshold signal having a pulse width which exceeds a predetermined time period.

11.  The method of claim 8 further including the step of outputting said

tracking error signal except when said second input signal 1s recen_red.

12.  The method of claim 8 further including the step of throughputting said

reconstructed tracking error signal except when said second input signal is received.

13.  The method of claim 8 further including the step of generating said
second output signal when both said first output signal and said second input signal

are received.

14.  The method of claim 7 wherein said first input signal has a pulse width,
PW,, and said first output signal generated by said pulse width threshold circuit has

a pulse width, PWyy,, where PWy, > 1.10*PW,.
-
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approxi mated tracking error signal for use at a tracking control input when
sai d second input signal is received. 13. The nmethod of claim8 wherein
the step of generating said second output signal further includes the step
of generating said second output signal when both said first output Signal

and said second input signal are received. 14. Theryah P HasHeeChcdialbbq 10
+ wherein said first input signal has pul se width, PW, ' | out put
- signal generated by said pulse width threshold circui IEBHH[&] BMHﬁHM dt h,
PWerr], where PWerr] > 1.10*PWerr] 22 15. The im 1
wherein said tracking error signal reconsgauction circuit generates an

i nterpolated tracking error signal conprising a linearly interpolated
tracking error signal. 16. The met hod of claim8 wherein the step of
generating an appr gx%i matgdnbthagkfdr Jedihpeisativigy fiod herihsedter Roigendegradatipng of
linearly interpolated tracking error signal. REPLACEMENT SHEE -2%-_ 17.
A et hod f or tracking resmt isigpalsdn dvaeptiosk deterstorage 8YStRiy SRIERHTNE Hi° PR ng

.error signals in an optigal .dat.a stor t : LSing the steps of 1)
sanpl i ng tracking g?ﬁgwpﬁ%ﬁr&?@ngte@r%%q}a%@caeﬁ%qﬁ té’det.er mning if first

~and second signal s ﬁ%&rﬂﬁiﬁﬁgﬁfﬁrﬁﬁ&i@%&ﬂdﬁ&&im eadhehate; a Predbtergnnedhilogic

- estimated values of “said tracking error signals using a | east squares

- statistical téskli que; 4) determning kth order derivatives of said

st i'rrat ed values OfS)S eit_e%ntirrligg li('tﬂ Qrder derivatives of said sampled tracking error signals,

where k is a positive integer if said first and second signals each have said

predetermined logic level;
4) determining tracking error output signals from said kth order derivatives if

said first and second signals each have said predetermined logic level;
5)'deiermining said tracking error output signals from said sampled tracking

error signal if said logic levels of said first and second signals are both not at said

predetermined logic level; |
6) storing a predetermined number of said tracking error output signals; and

7) generating an output signal representing the most recent of said tracking

error output signals.

16.  The method of claim 15 where in step (4), said tracking error output

signals are determined from a Taylor’s Series expansion.
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errdor.signals if said first and second signals each have said predeterm ned
logic level, where k is a positive integer; 5) determning tracking error
output signals fromsaid kth order derivatives if said first and-secend
signals each have said predetermned logic |evel; 6) determ ning said

tracking error output signals from said sanpl ed trackThi B d jf
. said logic levels of said first and second signals are ma I d
predetermned logic level; 7) storing a predeterm ned [
tracking error output signals; and 8) generating an output signal '
representing the nost recent of said tradding error output signals. 18.
The nmethod of claim 17 where in step (5), said tracking error output
signals are determined froma Taylor's Series expansion. _-24- 19.. A
system for conpensaf.i ngA anethed dos apipensatingefatebarddsactemneise t degradatignedt or
signals in an optical data storage _syséern conpri si n%: a hard 8GR of:
detection ci reatking\pirensigasls in@aoptice} datp siopags sy MRS HShde Vo
receiving a first i ' : %hhll'g jcort@f a hard sector on a
magnet o- opti cal dpggﬁ@#{j@gﬁ%&ggg@?@ or ?‘égg‘fes?% a tracking error_ signal
and a second i nput 2piderahiniandf fiost andpseeondisignglst ¢aghshaygs predetermingdolagify
. tracking error signals at a periodic rate; 2) determning if first -and
- second si gnal levelsch have a predeternined logic level; 3): deternining kth
order derivatives L.d: ' kilB adrfor M@@ﬂgukin'gsa deast
" positive integer |$j gg@ %@ﬁg{%&%&g%égg%%ﬁgpgégggh have said

predet er m nedsduagdsCstatizrieal; tedhniged;er m ni ng ‘tracking error output signals

fromsaid kth or deg) ggtremul V%tirLgv leé\rin (I)rfder derivatives of said estimated values of said tracking

error signals if said first and second signals each have said predetermined logic level,

where k is a positive integer;

5) détermining tracking error output signals from said kth order derivatives if
said first and second signals each have said prédetermined logic level;

6) determining said tracking error output signals from said sampled tracking
error -sigﬁals if said logic levels of said first and second signals are both not at said
predetermined logic level;

7) storing a predetermined number of said tracking error output signals; and

8)- generating an output signal representing the most recent of said tracking

error output signals.

18.  The method of claim 17 where in step (5), said tracking error output

signals are determined from a Taylor’s Series expansion.
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said .first and second signals each have said predeternmined logic |evel; 5)
determining said tracking error output signals fromsaid sanpled tracking
error signal if said logic |evels of said first and second signals are both
not at said predetermned logic |evel; 6) storing a predeterm ned nunber of
sai d tracking err_ogheggm&nbﬁ' I's; and 7) generating an output signal
representing t hEv said tracking error output signals. 20.
The system of cl ii \“ id tracking error output signal are
determ ned from I S Series:expansion. -25- 21. A system for
conpensating for hard sector noise degradktion of tracking error signals in
an optical data storage system conprising: a hard sector detection circuit
whi ch generates a first output signal in response to receivi a first.-
i nput si gnal reprels)entiAgyﬁmﬁottmpmaf&lg@rgﬂééé%t@?m?}*%ﬁﬁ%ﬂi@f’(?f“& MEal
di sk; and a conputer_for receiying a tracking errok.si.gnal and a second
i nput si gnal erepngigngls m%‘ﬁ#lﬂﬂé SttWégEt"%sﬁ?g’o‘fqmﬁr)lis@%rml ing tracking error
signals at a periodjg.r : _ i\ obndrhtes b fstbutmacighab imrespenseach
have a predeterm n%féa%flosg%t?rf%é%@ dﬁciitrek?lgrglrlngﬁrll ng estinated V;E ues ofpsai d
tracki ng err Qqp rsdeiviag 2 fits ipuasigralsepresentingsletaction of adwrd sestomeRadnaghrto-
determ ning kth order derivatives of said estinmated val ues of said tracking
error signal wopticalsdisks 41d st and second signal s each have said predeterni ned
|l ogic level, where k is Lijsve | - T nar,ﬁiﬁkis abrandr
ou?put signal s fr&f?ﬂ?‘g%&?‘ﬂ%éééé‘é’rﬁg ﬁiﬁggiﬁe\}-@rsl : sgrii%g???st and g%lcgnd
signal s each gaygsRaietingeesepsbhied | ogi ¢ | evel ;

1) sampling tracking error signals at a periodic rate;
2) determining if first and second signals each have a predetermined logic

level;

3): determining kth order derivatives of said sampled tracking error signals,
where £ is | a positive integer if said first and second signals each have said
predetemilined logic level;

4) determining tracking error output signals from said kth order derivatives if
said first and second signals each have said 'predetermined logic level;

5) determining said tracking error output signals from said sampled tracking
error signél if said logic levels of said first and second signals are both not at said
predetermined logic level;

6) storing a predetermined number of said tracking error output signals; and

7) generating an output signal representing the most recent of said tracking

error output signals.

20. The 'system of claim 14 where said tracking error output signal are

determined from a Taylor’s Series expansion.
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6) ¢ délernining said tracking error output si id
6 gnal s from said sanpl ed
racklng error signals if said logic levels of said first and ggcond

predeterm ned nunber of said tracking error output sj n lest
generating an output signal representing the rmgt re aélﬁ&nﬁha"ecdkl ng
error output signals. 22. The nmethod of claim 21 wh ki ng
error output signal are determned froma Taylor's Serl |
225- -
21. A system for compensating for hard sector noise degradation of tracking

error signals in an optical data storage system, comprising:

a hard sector detection circuit which generates a first output signal in response
to receiving a first input signal representing detection of a hard sector on a magneto-
optical disk; and

a computer for receiving a tracking error signal and a second input signal, and
for implementing the steps of: ;

1) sampling tracking error signals at a periodic rate;

2) determining if first and second signals each have a predetermmed logic
level; _

3) detennhﬁng estimated values of said tracking error signals using a least

squares statistical technique;

4) determining kth order derivatives of said estimated values of said tracking
error signals if said first and second signals each have said predetermined logic level,
where k is a positive integer;

- 5) determining tracking error output signals from said kth order derivatives if-
said first and second signals each have said predetermined logic level;

6) determining said tracking error output signals from said sampled tracking
error signals if said logic levels of said first and second signals are both not at said
predetermined logic level;

7) storing a predetermined number of said tracking error output signals; and

8) generating an output signal representing the most recent of said tracking

error output signals.

29, The method of claim 21 wherein said tracking error output signal are

determined from a Taylor’s Series expansion.
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