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35 w:.dth of the servo track. The timing of pulses generated by the servo
gsensor is decoded to provide a speed invariant position signal used by the
servo system to position the data heads over the desired data tracks.

Any one servo track may additionally have a plurality of indexed
40 defined servo positions across the width of the servo track, called a
serveo band, thereby further increasing the number of data tracks that can
be placed in the space between the servo bands. Herein, "servo band"
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According to a first aspect of the present invention there is ' provided a
nmet hod as defined in claiml1l. 40 According to a second aspect of the
present iWygnid9p there is provided a servo system as defp@EdBom3néxni m 6.
WO 02/ 15174 4 PCTI GBOL/ 03062 According to a third aspect of the present
invention there is provided a magnetic § ape data storage device as defined
inclaiml1ll. ' Disclosed are a servo system and nethod for positioning a
magnetic 5 head laterally with respect to a plurality of parallel,
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"home positions" and to then derive the home position locations, and then
attempt to recover by moving the tape and- the coarse actuator to the

30 vicinity of the tape head when the lateral position was lost. However,
this is time consuming and highly disruptive, and may be ineffective

An object of the present invention is to provide recovery of lateral
position once lateral position has been lost, without the addition of an
, 35 abgolute position monitor.

According to a first aspect of the present invention there is
provided a method as defined in claim 1.

40 According to a second aspect of the present invention there is
provided a servo system as defined in claim 6.



the edge of the magnetic tape, the servo controller operates the coarse
actuator portion in a lateral direction to nove away fromthe edge of the
magnet i C Wwapeiasehkse, operates the coarse actuator porti onPCT/GBOVESEN a

| ateral direction toward the edge. The servo controller senses the dual 5
servo sensor to detect. any two of the dgfined servo bands; and, upon
sensing any two of the defined servo bands, detects the |ongitudinal shift
bet ween two servo bands to identify which ones of the two defined servo
bands have been detected. |10 For a fuller understandi ng of the present

I nvention, refereniieg-tcshotiliddbespertiesft ohe [perebalt] duvangicetthetredsdescri ption

taken i npeoddeacs inRBndilcheidie saeL REPARYL 80,1dead QEBineEMDOdh ABRNLS  Of the
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reference to the acconpanying drawings in which: FIG 1 is a diagrammtic
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ands of _EL&G e | r nt at of two define
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shifts of FIG 5; and FIGS. 7-9 axe flow charts depicting an enbodi nent of
t he nmet hod of Thtesepre systen Feentacometiggchrtensl absbyiarheomarines sydtam of
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%e typesensor for gensing whether the compound actuator is within a predetermined

distance of an edge of t@e tape; a longitqdinal position estimator for

estimating the longitudinal position of the Eape; and a servo controller.

The servo controller is coupled to the dual sensor, the compound
25 actuator, the home lateral position sensor, the longitudinal position
estimator, and the drive system, for operating the compound actuator to
laterally position the dual servo sensor at two of the defined servo
bands, and to track follow the same index position at each of the two
defined servo bands, thereby positioning the head.
30 )

The servo controller responds to a loss of the lateral position,
sensing the longitudinal position estimator estimated longitudinal
position of the magnetic tape. If the sensed estimated longitudinal
position of the magnetic tape is within a predetermined distance of an end

35 of the tape, the servo controcller operates the magnetic tape drive to
continuously move the magnetic tape in a longitudinal direction away from
the sensed end of the magnetic tape; else, "determines the direction the
drive was moving the magnetic tape and operates the drive to continuously
move the tape in the opposite direction. The servo controller senses the

40 home lateral position sensor to determine whether the compound actuator is
laterally within a predetermined distance of the edge of the magnetic
tape. If the compound actuator is within the predetermined distance of



described in US Patent 5,689, 384, wherein nmagnetic servo track patterns
contain transitions recorded at differing azinuthal orientations across the
wi dt h of WB%ZE?IWO track. In the specific exanple of FlG pdr/cBovesoéd

| ongi tudi nal timng based defined servo bands 30-34 are prerecorded on a
magnetic tape 36 for track follow ng at_these positions. The pattern of
magnetic transitions recorded in the defined servo bands is a repeat ed set
of franmes 38, each of which are of different azinuthal orientations. In the
exanple of FIG 1, a tape head 15 conprises at |east two narrow servo 15
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el enents 45, 46 nove toward the edge 47 of the tape 36, the ratio of the
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Referring to FIG 2, each servo band may havée a plurality of indexed
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02/ 15174 P GBOl/ 03062 7 servo elenments 45,46 are properly positioned at
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tape dri $8iveha&HIE-137 The nmgnetic tape head 15 is supported by a conpound
aotuator 14. As discussed above, the magnetic tape head may conprise a
plurality of pe@dsand aikr et BBt Srealbhd tREiHaA! b0 oS ShY Qek M
el ements, ({Lpggrg ac{ uator 14 positions the tape head 15 laterally
W th respect Po he magnhetic tape to nove the 20 - head between the defined
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" fine act yat gr portl on 20, enploying, for exanple, a voice coil actuator,
mount ed oh t coarse actuator. As 25 discussed above, the tape head 15 can
_be transl at ed bet ween bands over a full width of the magnetic tape
primarily usi BES-hed-T @xe sBoacthrrtordepdrtingnan Gubgdiment afahhd matkod oF| owi ng
the | at etied pFrEyateDhiveditich RancbndpEtddby | thelUsénG bitehi & pBEI WAt Or portion
of the conpound actuator 14. An exanple of a conpound actuator 14 is
descri bed i n coassi ?r}%tdt US Patent 30 No. 5,793,573, and those of skill in
the art under Stihd® oPraify SRFERYS P W&esr%?'r ‘&‘Eﬁ?ﬂﬁﬁﬁ‘fd iRtH8tors may be
enpl oyedfeiiowind daaeriptdon vdtlhreferancente rhe grigutes;t he wHikhdtikatmumbexainpl e,
the coarse actuator portion stepper notor 17 positions the nmagnetic tape
head t hrough a | ead-screw 22, such as a worm gear. 35 The magnetic tape may
be provided in a tape cartridge, and a tape cartridge receive/eject stepper
nmotor 23 nmay provide the drive elements for receiving and ejecting the
cartri dges The tape drive 10 -y add| tionally conprise reels 28A, 288
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40 the tape longitudinally across the tape head 1S. A cartridge sensor 26,
such as an LED or RF receiver, nmay be provided to indicate whether a

cartri dggyhpy/pdiesent or absent. WO 02/ 15174 8 PCT/ GBOL/ 306800386y VO
controller 27 provides the electronics nmodul es and processor to inplenent
the present invention. 5 FIG 4 illustrates an embodi ment of a servo system
havi ng a servo controller 27 in accordance with the present invention for
operating the conpound actuator 14 of FIG 1. A servo detector 115 is
coupled to the servo el enents 45, 46 of the tape head 15, conprising a
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to acquire the target band.

Referring again to FIG. 1, the magnetic tape 36 is provided with
guard bands 48, 49 at the edges of the tape, and four data track regions
40 or locations 50-53 are provided between the defined servo bands. A
plurality of read and write elements 57 are provided at the magnetic tape
head 15 for reading and/or writing data on a magnetic tape. When the



However, the coarse actuator is driven by the stepper notor 17 by neans of
a | ead-screw 22, such as is shown in FIG 3, and typically has no 20 '

absol ut e We$h44s@9 Sensor to provide coarse actuator positporGBeneierk.

Thus, the stepper notor 17 is driven essentially in an open | oop nmanner, by
supplying step signals, and actual noto§ response to the step signals is
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The magnetic tape may be provided in a tape cartridge, and a tape
cartridge receive/eject stepper motor 23 may provide the drive elements
for receiving and ejecting the cartridges. The tape drive 10 may
additionally comprise reels 2837, 28B driven by motors 297, 29B, for moving

40 the tape longitudinally across the tape head 15. A cartridge sensor 26,
such as an LED or RF receiver, may be provided to indicate whether a

cartridge is present or absent.



11 PCT/ GBO1/ 03062 Referring to FIG 7 and additionally to FIGS. 3 and 4,
the reel notors 29A, 29B may conprise brushless notors having Hall sensors
161A, 164Ro\Whh&hy may detect the rotation of the notor, fopcpesdiNes: at 24
positions per full revolution. Either rrot or 29A, 29B may thus provide 5
signals that appear as a tachoneter. This information may be enpl oyed by
the servo systemto control the speed 015 the tape to within a desired
criteria. Alternatively, sensor 161 nay conprise a tachoneter affixed to a
drive shaft of a notor 29A or 29B. Typically, the magnetic tape nust be
wound froma specific starting position, for exanple, at the beginning of
10 tape as a tRARES cgﬂwﬁgrf2r70?ﬂ'c§71§é£'g:h1@ &Rl &AL MdidCes (08 RRAILEIHN -
control 116 t heref ore count e signals fromone of the sensors 161A,
161B addi lna% Bt e R eFah ln'?"%nuﬁvvound and subtracting counts as the
tape is wound back onto the reel of the cartridge. Thus, the approxi mate
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if step Thdrcat'ed |s wth fhe pr &de Fed di st ance
represent®d by the count be| ng greater than the 10 count "M, "YES', the
position control 116 operates the drive notor 28 to - nove the tape in the
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dlrectlon |n e|t er step 163 or 164, rotating the tape reel in step 168.
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and EOT and is sonmewhere in the centre section of the tape, the servo
system has a length of nore than 30 neters to find the servo bands and
recover track .followng. By reversing the direction of the tape, it is
noved in the direction



25 opposite to the original direction while the recovery occurs, with the
result that the tape will be noved back across the point where the | ateral
posi ti onvvggz,hqzﬁ. Thus, upon recovery of |ateral positiopcr/GBer/dsagee notion
may again be reversed, so that the tape is noving in the original direction
and is ready for the next operation. 30 In step 169, the servo system
checks for a major error, such as failute to receive signals fromthe
sensor 161, and, if there is an error, stops the reel notor in step 170 and
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stops and hol ds the coarse actuator. WO 02/ 15174



| 4 PCT/ GB01/ 03062 Now at defined servo bands, the process then identifies
whi ch defined servo bands are being detected so as to recover the | ateral
posi tion,whyAB@AsuUring the timng intervals represented bpctiesoi/esngl t udi nal
shifts of the defined servo bands, such as is depicted in 5 table 130 of
FIG 5, as discussed above. One way of q)etectlng the timng intervals is to
neasure the timng intervals as cl ock counter val ues by position control
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direction, the interval representing the “N-L". The position control may
t her eby identify the defined servo bands 30-34 at which the dual servo
_sensor 45, 46F F‘)S'IS cUr P HPLGE FPsEoGHBIPL Af SO OPRFRAR SR PERESA Al e 130 of
FIG 5. 2f0vention as conducted by the servo system 27 of FIG. 4 to provide

recovery of lateral position once lateral position has been lost, without
40 the addition of an absolute position monitor beginning at step 160 of FIG.
7.



25 Step 202 represents a major error, such as failure to detect any signals
by the dual servo sensor 45, 46, and term nates the process at step 185 if
there isyagofisi9f - Step 203 deternines whether the servo HENGBIIABBENS
unidentified, and, if so, repeats step 200. Thus, by detecting the

| ongi tudi nal shift to identify which o?ﬁs of the two defined servo bands,
the lateral position has been recovered. Upon identifying the present
position of the dual servo sensor 45, 46 as the identified defined servo
bands 30-34, "NO' in step 203, the lateral 30 positi-on of the head 15 has
been recover edefedrihg RonFidie7 cowdt edditdénding setrred. dedndiad ser veel bands. To
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was | ost Vs p.'é PR ?ézt’hége N, r°f°rFr§§ 'b"eq.(lzl\éﬂ%ﬂ?ct%’bd'i nsﬁtﬁﬁi%%ant ly

| ess ti neheaapasifiion F@EzoHilde UPRETRESRERE VATEY®R (MPAAT (38 RO VRSTEnthet Barehdfie
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moni tor uas, eAlAyesk 1atd10hSassedadiueg, 1dde, i tRPGApESisR Be moved
| ongi tudj nal . positi n e t ectiaon of

on_away .framthe.ends of tH. e, the.di
notion was greévseerrggdsﬁgﬁag'%e5%%?83‘"101? %%e%e % °'5?£E;f’ wpngd o°{‘)"r PRy Che tape
back acr¥®der i toFrEiarathe $8pPe ilgnmeednavarefrom halclpe’is®eon was | ost. Then,
step 220 of FIG 9 may additionally reverse direction again., so that the
B3pe i S NOW NRYiaRaitrhiie1al | GeNBleddibffine@NiBREnds of et § Giv bhesragxt
operat| O{lsza]:ng§rber SSP‘é%VX é%lforggred'gtta%%g‘! c&g;'a} ItgnB'OT, and steps 165 and 166

may be implemented. In this embodiment, the predetermined distance of

count "N" of step 162 may be set to a small percentage of the total length

of the tape, for example, for a tape of 600 meters in length having 5
40 meters at each end for safety purposes and 5 meters for information, the

count "N' may be set to a combined distance of 40 meters, indicating that

if the head 15 is within the predetermined distance, "YES", the tape is



40 Those of skill in the art wll understand that the above steps may be
altered in sequence and changed to equi val ent steps. WO 02/ 151p 17

PCT/ 68011‘96(}5?3 sWpil e the preferred enmbodi nents of the prepenGBoysee: i on
have been Il lustrated in detail, it should be apparent that nodifications
and adaptations to those enbodi ment s occur to one skilled in the art 5
W t hout departing fromthe scope of thé present invention as set forth in
the follow ng clains. WO 02/ 15174 18 CLAI M5 PCT/ GB01/ 03062 1. A nethod
for recovery of lateral positions of a servo system of a nmagnetic tape
drive, sabdedewso f3ystiEom forstppdieti. ordinglarlyngireistep head the{disrahat eral | y
with FeSEE&& the fPbid dsl tde @bpdakat) el adt@Rfiddadi ad;?zfe'dgé‘éiqﬁﬁédlo bands
(30-34) gf- 9{}‘9“ G t%lﬁ 4¢3 ié ?9& deﬁé% ? Serve; bands (30-34), cach
separate %y a ural i of "dAT R (T ac 18 % 55%ara 5 " ned servo
bands (38b%%)is "s‘ﬁ aa%PFn%cF@&%SB%JHdgef%e@tB% ofr thenfeipli hength of the
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sai d | ongjt gﬁa&awasdea@%'eo by U030 SREELS OF Ji28didl0 ARALoL e ting
data on sal Sys 8 ri’'srng pa TFal servo
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to two ofhsairddelsfirmiesil distegchangse{lGe8y, the Ibusvimpdondrastaratiom Eid)
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gngi t udigp @es'tgoshegs&&mmg bBE 23! go%&lopqiettﬁsmmgggegeuglgghgomeOn of
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act uat or “f 4:) "o PRFRE| YPSRoERS itaReRd BORRFAPR SBF VIR e T SxaMBleadY at two
of said éeﬁm‘edi@ewb@ths‘-anw €&0r ¥4p godnd hagkwag; kaddbbernetdag dthgSdtine
defined serscombends €mofdsite ELEBYiROSH ldi@RéNGLeRi1ds haadet 1 5hrating Met hod

for recovﬁéleagelﬁfem 5995'1%'80“%89”11&' §wQap£ %Qom'smae 53cf | 0ss of said
| at eral F 4t on, &Fggsal g(lBtu I,nal pOSIELIOI’l estimator estinated

%8ngi t udfh aietoLe T ERP P8 - (%) 18 B\?ﬁ‘e'f'l?er?af’bl tBg rRepge

est i mat e8e¢ti9i ?ﬁJGPﬂaﬁaPpos’-‘rflel W@f syHen hﬁfgﬂe%qnsth AFene136 Fhims 30 metiens a

pr edet er o nEGddilet aacw bindnarddetbveaiakdadkapellowfdg. operating sai d magnetic
tape drive (10) to conti nuously nove sai d magnetic tape (36) in a

| ongi tudi nal direction a om,.sai ensed en f sal netic tape
(36); 35 sens?ﬁg é’ﬁr%mﬁo déf%crtéi’n % P¢ SRPRertdo e PETIRA g"

Whet her SERFIEBHTOERR oafeamloaﬂu(eﬂ}m s:hm e @&P‘dﬂrﬁr e@mrer rMigbdthe st ance
of sai d edgatofhaailble ragaectilt tapovddBback idcredi dhe qgrpatintehs tthat Ditegdy) i S

Wit hin Sﬁbﬂ.tﬁrbﬁ%rseicmtnedrﬂ!ssttﬁﬂ:ﬁerégovgf’} dafeﬂ&%rei p%ei@hogamt Lepd ape (36),

operating_sai d_servo, ¢ ntr 49 ve.said coars actuat o
portion g o S 2R % 9 ef%e('ﬂl 8% glvv}éy t1‘er 5% AP YRR B °51?71§‘§§1eti c
Lape (36 iregtige aaseﬂ@atrr-hfbv $8F (FhecPS operation.

In step 169, the servo system checks for a major error, such as
failure to receive signals from the sensor 161, and, if there is an error,
stops the reel motor in step 170 and ends the process in step 171. IE,
however, there is no error, the process proceeds to the lateral position

35 recovery at step 172.

Referring to FIG. 8, and additionally to FIGS. 1 and 4, a home
lateral position sensor 175 is provided for sensing whether the compound
actuator is within a predetermined distance of an edge of the tape. As an

40 example, the home lateral position sensor may be located toward the bottom
of the tape path, and sense whether the tape head 15 of FIG. 1 has moved
downward such that servo sensor 45 is close to the edge 47 of the tape 36.



WO 02/ 15174 19 PCT/ GBOL/ 03062 controller (27) to nove said coarse actuator
portion (16) in a lateral direction toward sai d edge; sensing said dual
Servo sengglnMhs 46) to detect any two of said defined spcwaBbaesds2 (45,
46); and ' 5 upon sensing said any two of said defined servo bands (30-34),
detecting said longitudinal shift to idgntify which ones of said two
defi ned servo bands (30-34) have been detected. 2. The nmethod as clainmed in
Claiml, wherein said step of operating |0 said magnetic tape drive (10) to
continuously nove said nagnetic tape (36) in said |longitudinal direction
addi t i onghe yhomgmMntiests Pasytieg ssvisdr fFGne2Y durmpe #BGprenide spdedaliifhi n a
pr edet er whaagkadrigd asi i af p&Ak flor @aEH ahat peRdservollendor T4%e i FBieROdd ahecl ai ned
in O ai Me2e; WACLELD Sdladaslehiinadas8"Q bands, (38eRd) REAREAR o bil N9 based
repeati n% sej‘rﬁéo p.atﬁe Nns of ,ragr etiéc tﬁan5| 1on, hawgl? a flxed distance
i nt er val PBRIWEEN FOHIF P RAEG P ARG PR RPFLFATRPEIIY Vi AR Ei st ance
i Bt er val thet wherherdskaronaveseto ofhet belitomthadfsob fthe apagnetise sepeangépat t ern, and
wherein said step of 20 - operating said nmagnetic tape drive (10) to
o sal O Spoad o e o Ao Indl®er cai d
[ Lt A )
fixed i nt% g? \?Déjltt i aﬁ%ﬁalqo %Q/"itﬁm%ﬁeﬁs?reﬁzgtllsnﬁgpaﬁfesr°ns£$%pﬁ’§§slﬁflecc§‘§irﬂl
magnet i c 1L apdn(SBP 3Peeclrfiitet dlsariarsn aruatiripaviicnal’ speeye 9IS 4apghe
et hod asesgd aisneyl anA Glagi frcd, thdhedgs n7sef dhetypeois cBENE.SENSEBGEAl d any
two of sakbdlelinad a7, vendaBasicaldtlol 48k eChi eS8 lLBBMALNOiRAl shift,
addi t1 onal LY, COMRLLSe L 2ens! 09 @& Lald 0,01 gL Stance, gl rovanent of sai d
lateral | yovari abl & tTansriions to eal d digFance ol® 38" mPENEHE~3F 28 d
fixed i nBEP &7 ¢% &R8itaPENE Of Béch? of IR APt 15 dENe Herve rvtembaheiks( 30- 34)
t o det er fonenyherdozt eruah poshpe Gropdageai dfSehiare $€RVOErttrt hstepSpeCiend® sai d

def i ned sg&vpobadidst (3@p3fgs. and operating said servo controller (27) to
nove coarse actuator portion (16) to position said dual servo sensors (45,
46) at substantially the centres of said two defined 35 servo bands

(30-34). 5. THB $REPhHE akhs POPHEANi 3PRERS JAE XSEPPRds b ddedperyochetiessor
wher ei n 1lSdioddstiegpind whetiternsexuys| tramgitivgssal dhanipfithed sbayebbdds in a
: ongi : ugisaaﬂ4 di4 %&ﬁg)_raeasl@{{cehi, Oﬁ?hl:ytﬁgnmaittseﬁe dh£16 Fakeh %@{15&3 4§,8t4jsgas ed
nglitu n e LS QULSI ade_sal
ﬁ?egef er %’ng%letﬁgi%?g%%ie%g ,oelbgﬁl}asr' er%lg%‘i%éi %Pef gg%w% %T,‘slgé?%sr A hi ng the
di rect i oR®SHGe Y FesigRbTicaniny Goves frAsy Beary. B0 FRrEB062d Vi rRERAeNE R ai d
magnet i c sexyve s{BGLs arrprepurtang njpesssnyodrianeifibdd 4@ rensdved s&i d wuwpe ( 36)
in the oppsd Efedlieh&F an@MNa much greater amplitude than data. Thus, the data
may be undetectable by the sexrvo detector 115, such that step 188 may
25 comprise determining whether any signals are being detected, with the
assumption that any detected signals represent the servo transitions.

If no servo signals are detected, "NO" in step 188, indicating that

the dual servo sensor 45, 46 remains over data areas, step 189 determines
30 whether the coarse actuator is moving the head 15 up and away from the

edge 47 of the magnetic tape 36. If s0, step 181 continues to move the

coarse actuator in that direction. If the coarse actuator is moving the

head 15 toward the edge 47 of the magnetic tape 36, "NO" in step 189, step

180 determines whether the bottom sensor 175 has turned on, and moves the
35 coarse actuator accordingly, as discussed above.

If step 188 determines that the servd transitions of the defined
servo bands 30-34 are being detected, "YES", the dual servo sensor 45, 46
ie now located at a set of defined servo bands. Hence, in step 190, the
40 position control 116 stops and holds the cocarse actuator.



6. A servo systemof a magnetic tape drive, said servo systemfor 5
positioning a magnetic head (15) laterally with respect to a plurality of
paral | el ywéepeH1b4/di nal defined servo bands (30-34) of a negmeBowo3vape (36),
sai d defined servo bands (30-34) each separated by a plurality of data
tracks parallel to said defined servo bands (30-34)) said defined servo
bands (30-34) arranged in a longitudinally shifted pattern for 10
identification, said magnetic tape drive having a drive system (10) for
novi ng said magnetic tape (36) in said |longitudinal direction at a nom nal
speed for readivngtaiefined werve bgndint dheprogess Hhgmddertifipe wa3de), and said
servo Sy&éﬁﬁ’btﬁ Qerb®GANEE 43¢ beingl ddtepO&d tsbOfls t60FYUokEL NGe Patdwal servo

sensor (45,;:48) %986“ g@%ﬂ.@gtﬂé‘%%ﬁl E?ggén e z%iaré nded yneRd (15) with

respect ¥ tvvo ‘0 el 3 2 GO ound act uat or
(14) haviIgiaadieae stEhasr lb%rdﬁ Hif (2%‘5"°f8 ‘Fra-‘h at? n’ﬁng ﬁ‘gaﬂﬁ‘ (15)
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lateral | y, st b, 850861 119 said defined servo bands 20 * (30-34); _ a home

| at eral position sensor (175) for sensing whether said conpound actuator
(14) is within a predeterm ned di stance of an edge of said tape (36); a
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of said ”eéé‘"t %k(?rlx aé&%%g‘%& NG 3 aly p 1) Sthe Sabt egz‘m%aé{%t 59%846) to

move in & erar rec r'om sal sal gnetic tag (36);
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di rect i orhe ounirdlsepaddedde; as caxsinpie . sbhel tdnelshovld Pesetheoppsedswididn t o
det ect afyr bwondafingal d defined servo bands t30-34); and 10 upon sensing
said any two of said defined servo bands (30 34), detecting said

| ongi tudi nal shift to identify which ones of said two defined serv bands

(30-34) have BedRedetPEctedot AebTREE ¥ SHLTRHP as EP ai Mel™1hh *&F aiiif'6,
wher ei n BrAcgss aygbes Dachritor etered 97 Xp) agider ghesk the JBiuginény clnﬁ:aﬁ‘@lar-i ve to
continuously nove said magnetic tape in said |ongitudinal direction,

addi tional ly ghwi pge %abg ﬁ;@g h&dtﬁgeaée%% aJpeadsreﬁ@dlaﬂb&mﬂnal

predeterm ned criteria tem as

Servo_s
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timng b‘alsfé’dr'F@EéaF? ke BET-v6 Pk the abovd Siagtreipre. ttPar%‘idFFO?f- thaw ng a
fsexed di séfAne& derterbaalis kalwee beasdrnseditcs abamiret tl@N3Lt iimnsrald, |at,eral |y

vari abl eapee%émew ntvﬁu{aéhebeéla@e% theSESARYa SkeOich AT tM1Saps Said
r epeatl nrg vpat tg rom' r:.gh%r rle%é‘)l guallntg:glr‘a\ior perréssgnt:.ng the "L" from
position 140 to position 141 is to be employed, and, in the reverse
direction, the interval representing the "N-L" is to be employed.
40
Then, in step 200, the gelected algorithm is employed by the servo
system 27 of FIG. 4 to measure the relative shift between the defined



25 (45, 46) detects said transitions, and wherein servo controller (27}
additionally senses tinme of novenent of said fixed interval transitions in
sai d repegbigngspatterns detected by said dual servo sensopctBol/ds2to
nmeasure said nagnetic tape speed for. conparison to said nom nal speed,
operating said magnetic tape drive to ggntinuously nove said nmagnetic tape
30 in said longitudinal direction at said speed. 9. The servo system as
claimed in Claim8, wherein said servo controller (27), upon sensing said
any two of said defined servo bands (30-34), detecting said |ongitudinal
shift; adefvd Spedd getratednh&he Auad gexvp SFronsdiceraride #F, AOREAvERtingf sai d

| ateral | yhe afabab|E FIansi t iThos, sansed eiymEal, el 2blatty BAens@or( 45, 46) to

sai d di SLRRGA Of oA MRUEREBLES 353ldd Baxeadrasry @ﬁé/azlaPL ruzaalfg QNg: AGRSLULRY said
dual servo g}ensor ser 0 bandﬁs $n30 34)

e B F B iy R 56 By i ah o1 U R RD  SHE RO T S
t§ sai d detitien L¥r ve W@ll%ﬂa?’i’déﬂeen@épﬁmpmgnﬁ%éi%&%é’faélﬂﬁnapmm‘ﬁ%rt| on
(16) to posine atstate aflghe mevatentergaes{ntsd ¥orhattabudstzanss attby d.he

centres ef Sl ge\té.‘i@e d&fx‘e@@f&ns eEﬁ@mb@&H@méxﬁom%)compri\éQ 91%1:5&97 4né%order
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in said kemgistudi nal direction at a nom nal speed to allow said nagnetic
hgad (15) 20 ' to read and/or wite data on said magnetic-tape (36); a dual
servo sensor %45 46) for sensing. lateral position_of said magneti ¢ head
(15) with resptE® 209 TRESHICEa? d‘aa‘é’f iSHEOF s 8P aBatrid s Fo3dstect 2o npound
act uat or sig@lshewithg uafli srrvactaraboriSpott.i- end (t2@hidages Xdhet penvebatitng sai d
magnet i cstw@nds$ 1£5) thedechaldry evbdr) raepesds horGalidedahbtirg 6@ worhandsa

(30-34) 20dl:.C0AL3L. AGLHALAR NE' LLONLIR), Lak Lhgnsi ating said fine

actuator portion (20) laterally spect to salid defined servo bands
30- 34); a home | ateral position sensor (175) for sensing whether said 30
conpound act uBkes. PYHetpatingt Hhe langitadinadr ehifedteliidenyidfe wichnorstget of
sai d t apend 3ap; deEihed Gielruislibands P@Gk (Ia@8rAS bbdiRlioh Hall bésil rbFiviengd .t he

longi t Udb lﬁé}ﬁiﬂfy% Rhe jﬁlegeﬁta%@ﬁ)mna&dtﬁe HahY %e‘i@?tJeQLLzehs 2{'6) agoupl ed

to said sensor
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| at er al f) 5i fle%rrffégdsdeeﬁé% 4 8979 E’ag‘%i gP Yrig ’fq.ld?’f’laﬁteﬁo?sq?‘t'l BIP‘F é§f’r’r’?gEor and
S8i d dripesisjse af tho)read g5 bi}‘érb&ﬁl r?gce‘aﬁrédc%ﬂrwéw Eeg (FaPEAXY( Qfl)thteo
| at er al | yetposi defined adedvamindser vo sensor (45, 46) at two of said defined
servo bands (45, 46), and to track follow said two defined servo bands (45,

46) , ther eby 99 Solbgzlan(.)ril’] Iangorealpgechies%dla(tl ;.1 p%g:ll.tloi?ra\./so rgpopé[sl;ag ede gy taae)
index positions, step 205 advances the process to FIG. 9. In step 207,

35 servo controller 27 sets the target index position for the servo to an
index position substantially the centres of the two defined servo bands.
Referring additionally to FIG. 2, the centre is represented by either
index position 62 or index position 63. Step 209 determines whethexr thexe
is a major error, and, if so, ends the process at step 210. Step 212

40 determines whether the dual servo sensor 45, 46 is at the set index
position at the centres of the two defined servo bands, or is within a

specified criteria (the normal track following criteria) of the index



40 responding to a loss of said lateral position, sensing said |ongitudinal
position estimator estimted |ongitudinal position of said magnetic tape
(36); Woo®2/13m47.1 23 PCT/ GB01/ 03062 if said sensed est popic®d1/03062

| ongi tudi nal position of said magnetic tape (36) is within a predeterm ned
di stance of an end of said tape (36), ggeratl ng said magnetic tape drive to
conti nuousl.y nove said nmagnetic tape ( in a longitudinal direction away
fromsaid sensed end of said ' S magnetic tape (36); sensing said hone

| ateral position sensor (i75) to determ ne whether said conpound actuator
(14y is wbaihviionsaird pitedele pabitddn diak-asCaiefos dhel edge @htsaldxnagneti c
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As discussed above, if the tape was in a longitudinal position away
from the ends of the tape, the direction of motion was reversed in step
35 163 or step 164 of FIG. 7 to bring the tape back across the original
position when the lateral position was lost. Then, step 220 of FIG. 9 may
additionally reverse direction again, so that the tape is now moving in
the original direction and is ready for the next operation after recovery
of the lateral poaition.
40
Those of skill in the art will understand that the above steps may
be altered in sequence and changed to equivalent steps.
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f &10%0¥# & gk} ined? a3 35ah3ia} \(:533511)1(}@ NE ) tape (36), said defined servo

ol S R I
8‘f{ iégmﬁm#4QQedlin gogqqg&t@qmnably|shr§iﬂﬂ>pqﬂ§§@5lﬂprl@dentlflcatlon, said

il@' "3 69m1%1(:)ta!p3‘ &AvEOUR) ( hartilhg &' kY& sﬁz)sténF‘fGr T¥End )said magndOPREL () -

rzzg;;xgggg ,.P( @ ;%Qigoiéé%:gt 15 kﬁx]e%%%%) J nominal speed for reading

10WAB( DEFP@&?KGWE aft}cy%? (Epid MagnaeBare (29« 5319 geFTRSYFLI | yv' 109 4| 4&

' ()_[|(‘1yb@g¥%ﬁ1§3.a[ﬂnayyBgtﬁﬂ&sé?sng*}ﬂﬂHpﬁ]lﬁvql$aqaing lateral posltlon of

"10%AR Ehid 1ERY@R's( )withOBd@peby) -tLOYU@E of ) said defined servo bands (30-34), a

15 compound actuator (14) having a fine actuator portion (20) for translating
said head (15) laterally with respect to said defined servo bands (30-34)
and a coarse actuator portion (16) for translating said fine actuator
portion (20) laterally with respect to said defined servo bands (30-34), a
home lateral position sensor (175) for sensing whether said compound

20 . actuator (14) is within a predetermined distance of an edge of said tape
(36), a longitudinal position estlmator for estlmating the longitudinal
position of said tape {36), and a servo controller (27) for operating said
compound actuator (14) to laterally position said dual servo sensor (45,
46) at two of said defined servo bands (30-34), and to track follow said

25 two defined servo bands (30-34), thereby positioning said head (15), the
method for recovering lateral position, comprising:

responding to a loss of said lateral position, sensing said
longitudinal position estimator estimated longitudinal position of said
magnetic tape (36);

30 . if said sensed estimated longitudinal position of said magnetic tape
(36) is within a predetermined distance of an end of said tape (36),
operating said magnetic tape drive (10) to continuously move said magnetic
tape (36) in a longitudinal direction away from said sensed end of said
magnetic tape (36);

35 gsensing said home lateral position sensor (175) to determine whether
said compound actuator (14) is within said predetermined distance of said
edge of said magnetic tape (36); ’

if said compound actuator (14) is within said predetermined distance
of said edge of said magnetic tape (36), operating said servo controller

40 (27) to move said coarse actuator portion (16) in a lateral direction away
from said edge of said magnetic taﬁe (36) ; else, operating said servo
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15 3. The method as claimed in Claim 2, wherein said defined servo bands
(30-34) comprise timing based repeating servo patterns of magnetic
transition, having a fixed distance interval between a first set of
transitions and laterally variable distance interval between a second set
of transitions of said repeating pattern, and wherein said step of
20 °  operating said magnetic tape drive (10) to continuously move said magnetic
‘tape (36) in said longitudinal direction at said 'speed, additionally
comprises sensing said time of movemen{ of sald fixed interval transitions
in said repeating patterns to measure said magnetic tape (36) speed for

comparison to said nominal speed.

25
4. The method as claimed in Claim 3, wherein said step of, upon sensing
said any two of said defined servo bands (30-34), detecting said
longitudinal shift, additionally comprises sensing a ratio of distance of
movement of said laterally variable transitions to said distance of

30 movement of said fixed interval transitions of each of said two defined

servo bands (30-34) to determine the lateral position of said servo sensor

with respect to said defined servo bands (30-34), and operating said servo

controller (27) to move coarse actuator portion (16) to position said dual

servo sensors (45, 46) at substantially the centres of said two defined
35 servo bands (30-34),

5. The method as claimed in any one of the preceding claims, wherein
said step of continuously moving said magnetic tape (36) in a longitudinal
direction additionally comprises, if said sensed estimated longitudinal

40 position of said magnetic tape (36) is outside said predetermined distance
of either end of said tape (36), determining the direction said drive (10)
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data tracks parallel to said defined servo bands (30-34), said defined
servo bands (30-34) arranged in a longitudinally shifted pattern for

10 identification, said magnetic tape drive having a drive system (10) for
moving said magnetic tape (36) in said longitudinal direction at a nominal
speed for reading and/or writing data on said magnetic tape (36), and said
servo system for recovering lateral position, comprising:

a dual servo sensor (45, 46) for sensing lateral position of said

15 head (15) with respect toc two of said defined servo bands (30-34);

a compound actuator (14) having a fine actuator portion (20) for
translating said head (15) laterally with respect to said defined servo
bands (30-34) and a coarse actuator portion (16} for translating said fine
actuator portion (20) laterally with respect to said defined servo bands

20 - (30-34); -

a home lateral position semsor (175) for sensing whether said
compound actuator (14) is within a predetefmihed distance of an edge of
said tape (36); )

a longitudinal position estimator for estimating the longitudinal

25 position of said tape (36); and

a servo controller (27) coupled to said dual sensor (45, 46), said
compound actuator (14), said home lateral position sensor (175), said
longitudinal position estimator, and said drive system (10), for operating
said compound actuator (14) to laterally position said dual servo sensor

30 . (45, 46) at two of said defined servo bands (30-34), and to track follow
said two defined servo bands (30-34), thereby positioning said head (15),
gsaid servo controller (27):

responding to a logs of gsaid lateral position, sensing said

longitudinal position estimator estimated longitudinal position of said
35 magnetic tape (36);

if said sensed estimated longitudinal position of said magnetic tape
(36) is within a prédetermined distance of an end of said tape (36),
operating said magnetic tape drive to continuously move said magnetic tape
(36) in a longitudinal direction away from said sensed end of said

40 magnetic tape (36);
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5 of said edge of said magnetic tape (36), operating said coarse actuator

portion (16) to move in a lateral direction away from sald edge of said
magnetic tape (36); else, operating sald coarse actuator portion (16) to
move in a lateral direction toward said edge; sensing sald dual servo
sensor (45, 46) to detect any two of said defined servo bands (30-34); and
10 upon sensing said any two of said defined servo bands (30-34),
' detecting said longitudinal shift to identify which ones of said two
defined servo bands (30-34) have been detected.

7. The servo system as claimed in Claim 6, wherein said servo

15 controller (27) operates said magnetic tape drive to continuously move
said magnetic tape in said longitudinal direction, additionally moving
said magnetic tape (36) at a speed within a predetermined criteria of said
nominal speed.

20 T 8. The gervo system as claimed in Claim-7, wherein said defined sexrvo
bands (30-34) comprise timing based repeat@ng servo patterns of magnetic
transition, having a fixed distance intefval between a first set of
transitions and laterally variable distance interval between a second set
of transitions of said repeating pattern, wherein said dual servo sgensor

25 (45, 46) detects said transitions, and wherein servo controller (27}
additionally senses time of movement of said fixed intexval transitions in
said repeating patterns detected bi said dual servo sensor (45, 46) to
measure sald magnetic tape speed for comparison to said nominal speed,
operating said magnetic tape drive to continucusly move said magnetic tape

30 in said longitudinal direction at said speed.

9. The servo system as claimed in Claim 8, wherein said servo
controller (27), upon senesing said any two of said defined servo bands
(30-34), detecting said longitudinal shift, additionally determines a

35 ratio of digtance of movement of said laterally variable transitions
sensed by saild dual serxrvo seﬁsor (45, 46) to said distance of movement of
said fixed interval transitions sensed by said dual sexrvo sensor (45, 46)
of each of said two defined servo bands (30-34) to further determine the
lateral position of said sexrvo sensor with respect to said defined servo

40 bands (30-34), and moves coarse actuator portion (16) to position said
dual servo sensor (45, 46) at subgtantially the centres of said two
defined servo bands (30-34).
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10. The servo system as claimed in any one of Claims 6 to 9, wherein
said servo controller (27) additionally responds to said sensed estimated
longitudinal position of said magmetic tape (36) being outside said
5 predetermined distance of either end of said tape (36), determines the
direction said drive was moving said magnetic tape (36) and operates said

drive to move said tape (36) in the opposite direction.

11. A magnetic tape data storage drive for transferring data with
10 respect to a magnetic-tape'(36), said magnetic tape (36) having a
) plurality of parallel, longitudinal definedJservo bands (30-34) of a
magnetic tape, said defined servo bands (30-34) each separated by a
plurality of data tracks parallel to said defined servo bands (30-34),
said defined servo bands (30-34) arranged in a longitudinally shifted
15 pattern for identification, comprising:

a magnetic head (15) for reading and/or writing data on said
magnetic tape (36);

a drive system (10) for moving said magnetic tape (36) in said
longitudinal direction at a nominal speed to allow said magnetic head (15)

20 ’ to read and/or write data on said magnetic-tape (36);

a dual servo semnsor (45, 46) for sensing. lateral position of said
magnetic head (15) with respect to tﬁo_of éaid defined servo bands
{30-34);

a compound actuator (14) having a fine actuator portion (20) for

25 translating said magnetic head (15) laterally with respect to said defined
servo bands (30-34) and a coarse actuator portion (16) for translating
said fine actuator portion (20) laterally with respect to said defined
servo bande (30-34);

a home lateral position sensor (175) for sensing whether said

30 compound actuator (14) is within a ptredetermined distance of an edge of
said tape (36);

a longitudinal position estimator for estimating the longitudinal
position of said tap(36); and a servo controller (27) coupled to said dual
sensor (45, 46), said compound actuator (14), said home lateral position

35 sensor (175), said longitudinal position estimator, and said drive system
(10), for operating said compound actuator (14) to laterally position said
dual servo semnsor (45, 46) at two of said defined servo bands (45, 46),
and to track follow said two defined servo bands (45, 46), thereby

- pogitioning said head (15), said servo controller (27):

40 responding to a loss of said lateral position, sensing said

longitudinal position estimator estimated longitudinal position of said

magnetic tape (36);
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if sald sensed estimated longitudinal position of =zaid magnetic tape
(36) is within a predetermined distance of an end of said tape (36),
operating said magnetic tape drive to continuously move said magnetic tape
(36) in a longitudinal direction away from sald sensed end of said
5 magnetic tape (36);
sensing said home lateral position sensoxr (175) to determine whether
said compound actuator (14) is within said predetermined distance of said
edge of said magnetic tape (36);
if said compound actuator (14} is within said predetermined distance
10 of said edge of said magnetic tape (36), operating said coarse actuator
) portion (16) to move in a lateral direction away from said edge of said
magnetic tape (36); else, operatiné said coérse actuator portion (16) to
move in a lateral direction toward said edge;
senging said dual servo sensor (45, 46) to detect any two of said
15 defined servo bands (30-34); and
upon sensing said any two of said defined servo bands (30-34),
detecting said longitudinal shift to identify which ones of said two
defined servo bands (30-34) have been detected.
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