¥ . e3eKK, v86nTC DATA SET TO RECORDI NG MEDI A REG STRATI ON AND
: SYNCHRO\II ZATI ON TECHNI ﬁ mm invention relates to the recording of
data on 2 tighmgsed i il

nedia whi ch is subj ec to sto age
such as a tape, and, nore |cu arly, tg the correlation %ﬁ
_processing data sets to the ¥fa p05| t| on and resynchroni zi ng B&ITEQO(B
position to the data set sequence upon restart of the media nmovenent.

BACKGROUND OF THE EN%EN| assi gned US Patent No. 5930065,
Al brecht et al., Shows a%g]l?&%e) t 3R RRAISTHTS P JND o BICHRONFZATTOWN

superi nposed on prerecorded 15 track foll ow ng servo information.

Typi cal | y, TEongichuckzgab nedi a, such as nmagnetic tape or optical tape,. is,
enpl oyed in data processing systens as a secondary storage nedia for

stori ng | arge anounts of data fox |ow cost, infrequently used data or 20
for®archival pufptsésverthiverelates dat the( réicdﬂaﬁm& @Enata&fa 8n 3Lhi R Hf.data

sets) is tmmmfgeféceddl mo®ial QRgh yudi writi on-thé fedia by
st ream ng., S mFLQJ hﬁhe datg is ggtéelg)l:’?ge% ° Stogpa%ntf %ig)lﬁf basps: e
data transter Howeve GBF ETEIRYLAR R Aptd BrOTsssing alaterngamaty draul t
condi ti on 'iiﬁﬁllaep‘tﬁtélﬁ%dma TONOENeas 24y ABY Gedia iph5itiGAl i WANSIQTLER! 25
vel ocity. skwuencé RpoB@isBadlist die ALOAPRSer@Rd 1ater restarted. On restart)
t |y medi a position nust be correlated and resynchroni zed with respect to
the data set sequence.. A typical prior art tape drive which noves the tape
media is GHGFARRADWPE HHENNVANFE®Ment al encoder, or 30 tachometer, which

provi des a precise positioning signaI to counters which nonitor. nedia.

posi-tion. The tape orjve By reposition the tape nedi a backwards, also
“known as back&ﬁi t%# \ésacg ai n %ﬂgn’tb HEE3YP65N AHheedhic rbnmint akhancader

posi ti oni ﬁ‘ﬁgg?b’r‘raFa%ﬁtd’e?’e’st‘aYltngt Heta apéoﬁtatidﬁﬂkuﬁeh&mﬁﬁéﬁ bs gHerbo,spged by
tHE tine itrackatheswinges@oNin@tmidlicgh the data :35 transfer ended. [f the
tape did not slip, the increnental encoder or tachoneter and counters
shoul d identify the p0| nt at which the data transfer ended) and the data
transfer is resuREEALIZosEnFEdénrbmeisa obukieysi mpaEEANEapd bATBIEIJA 1t ape
dri ves an8iap¢hdis. '-‘kﬁbllogustig|1hu&lsix~Jata{:r<ngt%di_:;p,1 fs&é’t?eﬁis fg gcgg cioggai ncrgment al
encoders asg @g,gegbsil\éege amowftld, tel Jes I'e g‘ﬁow te SRCHISePRdtE ve,
whpch may allow the el Tmnation of fﬁe ?‘el‘i@?ﬁ ai“1 GueRly Spetidaka or

i ndeX| ng )3 cﬁrﬁékiﬂgpttpae&s h&feehethe éﬁp&o(yedt;hebacbrnrmd&t BePillc? gata
processi ngetHpé sdriapesenradi sy zBe tikaguuales) abadats, Vr@f?lﬂis 8” t he tgﬁ% by

nedi a. Thusxesihgi ng;,hﬂg ap dat a_speci al 1 ndexi n
tracks i sqdesi rablfeEr 1s rg;R ¢ ‘%%E ﬁ\l\‘}%\ﬁ’f) d'on'a °°nt1n“°us basxs The

however, subject to interruption or to a temporary fault -

condition while the media continues to move at its continuous nominal

25 velocity. Thus, the media must be stopped, and later restarted.

On restart, the media position must be correlated and resynchronized

with respect to the data set sequence. A typical prior art tape drive

which moves the tape media is equipped with an incremental encoder, or

- 30
_ _ tachometer, which provides a. precise positioning signal to counters which

monitor media position. The tape drive may then reposition the tape media

backwards, also known as a back hitch, a certain amount based on the

incremental encoder positioning signal and restart the tape so that the

tape is up to speed by the time it reaches the point at which the data
35 transfer ended. If the tape did not slip, the incremental encoder or

tachometer, and counters should identify the point at whlch the data
transfer ended, and the data transfer is resumed.

Cost reduction is of kKey importance in modern tape drives and other
40 longltudlnal media drives.
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Precision incremental encoders are expensive




10 The present invention provides a systemand nethod for precisely .
regi stering and synchroni zing data sets on a recordi ng nedia, the recording
medi a having a prerecorded servo pattern.. The drive has a servo.system for
readi ng t hwopooee®sor ded servo pattern on the recordi ng nedi aPCT/6B00# 899
recording nedia is subject to continuing Bovenent for reading a@dpogtc-gzoaa
witing the data sets, interrupted by stopping at the end of a seleCfe
data set and restarting. The present invention identifies the point at
which the fat 8 2Q &éanshes 8NPeshiaaNeh TASUARS 1108 Hata AJ@@%&%{ e}k thout
requiring gn ine r.grreogt gg encoder. In a preferred method according to the

i nvent i on,” d0rTHhg° ¢ 1 ?\tﬁ“ﬁﬁFrﬁﬁ’%v%‘?ﬁé’%F.r' of the recording media while
readi ng and/or witing 25 data sets on the recording nmedia, a detector
coupl ed to the eEVH IUSLERGCOPId1BERLSY ¥ rh8BISatd ReBE AQILLELN LLEYSLLAt i on
datsa rmduldgt ed or superinposed in the prerecorded servo pattern on the

r ecor di ng A5 HOCRRE N EFSOoPAT BT MATEISS| MR SVPIRE Of efatcorgeeka prdde tape
posi tion megdizt r Sewon edévimat bopradvate qoneditsi spediegdi Hideadingnod dierkingi on
for the dakaceelis aedQ N the stopping of the recording nedia, the
recording. nmedia is back hitched in the opposite direction, and the
novenent is restarted by the drive. Upon the back hitch and restart,

-sel ect ed PSUMMARYNGF | THEcINWGINAT@ regi stration information is provided. The
defgect or again reads and interpol ates the prerecorded registration data
(defined as the_ _"again read 35 data and interpolated" data), and a

conpar at or conpAar & CRBE FGXPRE IV B AHGSF M S¥PEIEBE TREGPrSt fort poerisely -
i nf or mat i grRgisrering pmdvsetroizdnanthtansetpohad adcosdingt hadilynehanf or mat i on,

a_nd i ndi C%E@@r(ﬁn&th_aaEi B»RMn (i:t}erébdi%tea éé}gg%étﬁgr&.oue‘hgddztigret haes a.servo
Conparator resgﬁnSIV to e CO arison match In I catlon, syncnroni zes t he

readi ng aRdFor™ WP AT R RS RASTCEF dele SBYOr BRIGSAPNRP 1FbE| Fecording mpia.

aét her agpectecotdirigemprias éntsiby ¢emnttico RentEi NG @bl-emdnip eoARiadi A Yhd)br

pr er ecor dadiisetipb gt ahlets) | 123L-RASK! b bR LATAANARR LNIQLIRL O
recor ded i,n_Mmagneti.c flux transition servo patteéerns éleflnl ng . at least one
| ongi t udi Rar® SEFVEY FERIETEE Dt ovided with a plurality of 5 frames of
alternating groups of. burst patterns. Each group of burst patterns has

al ternati ng nurheisreRbn@tinl&asiont YEntSPEA! €He RY:1HS Af w??&?]%éa&alt%! magneti ¢
flyx track foldow ng servo transiti ogs. At |east two of the transitions of
the repeated parre are S TTRTPor FRER FAPPY SH PHERBE pERAYiES D BRer of the
transiti on8°Eertd eepedered pairs. The 10 shifted transitions conprise
registration data information, and each frame or group conprises

i nterpol ation ipfo ' vant age of the present invention is that
the registrat] gﬁ 3 %?g%%{gfio%rﬁhggparc&??gé%g 'éfr%cet F?V%n%"?ﬂe MEGPD P60 t hat no
reli ance FSRYHRUHIHBRUEHTLpPl &6t FIRPTILND Msdidvebale readinll andrck thiting

i Ber enent ahtemecden. tRRIrEFRASGRMIERON: Qo EtoDRAWINGS: Endidmat s Qb t he
present i I i O\ d ri.bed in re 20, detail,. by way af

exanpl e, emaﬁ%kg%éye%%%ﬁt#tgg §§%5rlr§§n§ﬁgﬁag%rt§\?mn ndﬁlgai'ﬂoc%m%%‘? lG 1is a
per spect i VPSHEIPSEpt - St BHTERCHIedaShBE Payeranen &hd vécoxdimpeedid.veadat a
storage déviopobmdrasseepaladst ope pgardddrdg® liled pd6COIHARES: ML AN

embodi Menga Gl cbNS oBt 85 &ltkel AUENH AT ELG: Gl S SENRIRILG LEpT esent at i on

of a tape drive data _storag%? evice wth a registration and LYnERToni zat i on
syt em antPAs EBTIAPRRAN9BE TS FPTFGANE S Ay tHReresording madka itg basor dance
wi th an endrodhedsint tbé oppheit:0dpreasanh, idndetlid @Byement is restarted by the

drive. Upon the back hitch and restart, selected read and interpolated
registration information is provided. The detector again reads and
interpolates the prerecorded registration data (defined as the "again read
35 data apd interpolated" data), and a comparator comﬁareé the again read and
interpolated registration information to the provided read aﬁd
interpolated registration information, and indicates a comparison match.
A data formatter coupled to the comparator, responsive to the comparison
match indication; synchronizes the reading and/or writing data sets on the

40 recording media.
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*FIG+* 3 is a block diagram of a tape drive data storage device and
regi stration and synchroni zati on systemof FIGS. 1 and 2; 35 FIG 4 is a
schemati c - tati on of -an enbodi nent of magnetic tape i LOg
pr erecor de\géfbpll?%?gol atable linear position registration dat g@?n S&E}\aﬁP?on
recorded in magnetic flux transition stripe servo patterns defi&i&@@t}' 2003
| east one |ongitudinal servo track i'n accordance with the present
invention; — Fl Gl%thférand 6 a%g t%es ectively representations of an uncoded
di amond servo patfern ant & CohbiEPEEFYD RHENEitRo de dagratac peapeeredishi ch
may be i mpREHhPEFdarrdet dinderpElashble Alnairhpesitash AlgistAeisd @aent
i nvent i oninbofmla&en #e@Badl @hCnd, hyel .esent ations of an_uncoded
4,5 stripe servo pattern and a cgg%g%ltefg&fi%g{}gﬁf?’?p%ggrR/atgt?)’gﬁ g?ﬁ“&ﬁﬂ
encoded d&fa PACtBrn RATEHNRS! FETY ApFarie iScBravH 988 cuitl an eduxalihy of
pr €t er r ed featrsdpireaitephatting gregentt iaventpaeternk) Fidon §dup & sahgmatic
_wrepresent ght@mdinadt LOOEAELINS AAbA ST A95ea dOVL S8 M. LN, 2 reai stration
and syn'ch;lgrrll_i %%t'iloerl system apd associ ated tape cartrlpage sROW*n8t t wo servo
tracks in acdoraance a1 Ent Bib 5B e APl oMinh segve Senpsitionnt | ah;lekBt FI G
10 is a nbYe Qfethd tzanditdoks dbaghameptaai pahodape hibfe 15 udlHa ¢y dat a
storage devixee tl egictheat b0 nd ni pon systemof FIG 3 for
i npl enent ?;’i&rédaé%h the one ser,von%aggﬂﬁ%%gﬁéﬁ%grelg éec’lﬁa’lrf‘a Breock
di‘agram of an enBear hEtPEofOmTISE TRt BatoAn 23tat fnformtdono apd equpl £exhet 0
t he syst ef¥ frofp Gompoiderr ihnpipeiationt infdrnatidont he two servo tracks of FIG
9; FIG 12 is a flow chart depicting an enbodi nent of the nethod of the
present invention; 25 FIGS, 13 and 14 are respectively representations of
serial data and” tINFRY IS CAntienBotREMnveRtiasads atdti theergmisatadohi near
posi tion EFTSetiEr bh Hnelddemidioectiyom dad dagithesd OFAC nofrelkGicel s and 30
Fh& 15 islareBof psevdmlihgnNs18h 88c i .0 bl e of a set to
| i near position rggi strat igon %nf'orvﬁag{??%{ﬁnﬁ% ao%’écg tith% 1 cée"éer?g%%ieﬁgﬁ?erof t he
~invention depicted in FIGS. 11 and 12. DETAI LED DESCRI PTI ON OF THE
| NVENTI ONE PFSSCREFTAON: PBrTHES DRAIYAES bed in preferred enbodinents in the
foll ow ng description with reference to the Figures, in which |Iike nunbers
represent the . imlar elements. Wiaile this invention is described
in terns of t h%ﬁlggg?énr%dg% ftg‘re BEHIAY MYePHIo® Mo APy &is dessbikad inamwrei t 40
WPPI be affifRdli At it teuwlskivitbdrafaretre aottiehatconpaiyahi ARSawimys B8

which:

FIG. 1 is a perspective view representation of a host system, and of
a tape drive data storage device and associated tape cartridge in
25 accordance with an embodiment of the present invention;

FIG. 2 is a schematic representation of a tape drive data storage
device with a registration and synchronization system and associated tape

cartridge showing one servo track in accordance with an embodiment of the
30 present invention;

FIG. 3 is a block diagram of a tape drive data storage device and
registration and synchronization system of FIGS. 1 and 2;
35 FIG. 4 is a schematic representation of an embodiment of magnetic
tape media having prerecorded interpolatable linear position registration
data information recorded in magnetic flux transition stripe servo

patterns defining at least one longitudinal servo track in accordance with
the present invention;



5 acconplished in view of these teachings w thout deviating fromthe

spirit or scope of the invention. Referring to FIGS. 1 and 2, a data

storage systemis illustrated including tape drive data storage device 12,
~such as a wapooe2Bz3 tape drive, and associ ated tape cartri dgeTi@dBo189D a
data set to tape nedia . registration and4synchroni zation syste A
accordance with the present invention. Referring to FIG 1, thenBﬁeO&rT\ZQOB
12 accepts tape cartridge 14, which stores data in the formof data sets to

be read and/ or Mttt en ah@ b)&rbhﬁedpaa@ivdny\&%pigserﬁadldn% sPMee &fdeh Oa RSt

data proce ble 1 he lape cartrjdge 14 conprises.a housi ng
19 cont ai n?%g%a ? é(nﬁ a%? T ape 32?‘);5 IR &Y SRGH %et% ga"taaB%tteKFt‘é}lﬁgtWelb?

the tape difREemERtedyincaapeidsecanibptancatbodipentdofviie Rrekenapmveaaid;i dge
14 may conprise an optlcal nmedi a. The tape drive 12 includes a receiving
slof 22 into 15 \f@écty g cartrldge 14 #s i nserted. The host data processor
16 ¢an . conprise any SFtABIE PFEEEEYE!Y FBFoBRIARIBS of F8r¥wedrd c'dmplt er
such as t hetyige sApvg watteny apdm benldned s & atstonps kehvapat berrd B HR56868" ,

or can be &@/%ﬁ&f@nﬁmﬂﬁeﬁa $41Gho AhehbEs HBMCASANN: | e .1 ARG Hriye 12 is
preferably lgbo 1%;ﬂ!lbl H" e associ at ed host processors and can assume 20
any one of “X Varrm er anreﬂa &% ¢8%sette |inear formats. Exanples of
such tape drlves |ncI ude the IBM 3490" tape drive unlts or the 1BM "3570"
tape drive uni tS‘IG OI‘9 ik Q'J&En&dlﬁeﬁprzgaﬁat:l&{ of 14 Q:\éag Qgpcﬁat:'a\blat.eoz%gge
drives, so fwo r cartridges 14 an others e

whi.c
single ree ecart‘F'll‘_Ef’ges reg%t%vf:e% ) SYBC’EFG‘?‘Z °§u%yﬁt?'&§€ddﬁs\?é§a‘tﬁflpr—ea?l y

i ncl ude drfaxtridgorshophog teoswrvof oracketiat acrgnidlaecdr eetls anf eddvaitadd bEdgee 14
to nove therdszpe 20-eakhiess a head assenbly 24. The head assenbly is shown
in solid lines and includes a relatively narrow servo read head 26 that
detects a servo 30 pattern recorded in a servo track 27 of the tape. A data
hettl 28 of the F&ad l@ssermimpre sletyiiedablork| Gageamtdfaan 'dmbeds@hY o aatapdd

i S positi omedeOdta atda&@e edtde LLYIRHiAYaliod Qﬁdts%ﬂ&:%%&ﬂl%”&ﬂlnt&@ e

data trac o] arecor in a data track,_ or for writing dat a
in a dat akbtsIrJacE E(ﬁagmpg oﬁglc’é‘ %’ ?lé ® SBF VB ATELRE EAG- #7si ngl e dat a

“head for 35 sinplicity of |IIustrat|on Those skilled in the art w il
appreci ate that rmastidas a pw@eas&glgmt@ﬂoanséf@o@ﬂﬁedéa&ﬁ e'i‘l:'!n? 'dQl:@ctH@Ba' el

sefy/0 trackS.,cpud iRl ead, head It| read and wite
heads. The servo track. gjr?}tig? A |ndtdc ﬁ FeRERE PN the 40

| ength of ifeFafierye. tmrkssel F&or- éad head 26 |s reI atl veI y narrow and 6
has a wi dth substantially | ess than the width of the servo track 27. In

e al y o D82l DEr ROLATRE e B FALENL B0 AR O | IR e Y e 7

Iongltudlnallg across the tape head asse
is noved FP6EREHYSBEIRS head 26. When such noverrent occurs, the servo 5
pa&&% ern of magnetic flux transitions is detected by the servo read head 26

so that it generses;anuanak UieSElpacty e,ggy@%gge%&néim 3 ey Quideg vl a
(0]

a servo signal line 34 to a signal dec eco A §8Esses
the servo Taa8Y HFad"sFHhei et °6e‘?‘Fé‘Feft”éls 1‘éteﬁ'8§?~%‘iet§‘nl’§iegﬁaﬂ°stlhmn | s

transm tt edovFbrgsdont inferapgival prdvided 38 tie aoges wo mant 1wl bed 40. The 10
servo control.ler gener ates a servo control signal and provides it on

captrol lines 4}?161 servo &om tioni ngfmechanl sm at head assenbly 24. The

servo positioning m% hehPs ATTESPORELen 6t He <BBefimspt SEghdiabie (th ddle sefvo
cont rol | ertohyirgar Rgsitienaserrbiationcinddimg iseramplbead iR 6 Headrdiodlihah Vol
respect tahehen®@k¥ontdadeke&Enherddsnes 30a g reach the desired servo

DETAILED DESCRIPTION OF THE INVENTION
35 ' '
This invention is described in preferred embodiments in the
- following description with reference to the Figures, in which like numbers
represent the same or similar elements. While this invention is described
in terms of the best mode for achieving this invention's objectives, it

40 will be appreciated by those skilled in the art that variations may be



*15 track or to maintain the servo head 26 centered with respect to the

. servo track centerline 30. As discussed above, the data is typically
transferred to or fromthe tape nedia by stream ng. The data transfer is,
however, oM@ ect to. 20 interrupti on while the media cBATIGRIEYILS nove
at its continuous nom nal velocity. Thus, "the nedia nust be stoppgd& nd

| ater restarted. On restart, the nedia position nust be correlate rﬁCTZUUS
resynchroni zed with respect to the data set sequence. This is especially

i nport ant BR°AEIEshpd e, visvnek thesaricghchiogerwithowr, davipitery Qisndata sp€lir OF
may | eave an sddpedat ahseinv@heel.inN Wi th the new data. The tape drive 12
repositions the tape nedia backwards by back hitching, which conprises
operating the drive notor in the reverse direction for a defined period. of
time. The back RFfefFipg 4ohEi@H.ot endf 2am dppr exormkesydtarals dh Siailgeeg and

t hest ape nMbh¢iAidd dapel @ShardLd si®rh t i to speed by the tine
it reachesg} PQLAL, 8L .\QQi%h t he da%gtdfrg%s?g}rjggﬁge%?afﬁaé’n F%‘ééﬁ%e

i nvention synchroni zes the dats SEFET¥et He Fitear dgfoseet ¢ tipe medtape for
restarting*tHeE gaten pethsieehrofinasion bysdat astimasécddahedivish dnel BEesent
"identi cal inyesithbn at RebErGHEnd o MRS B1 ein._the term"identical" 3S
i s defined,} ov-'jh@% ude, any {ée ui red_of ?gg'?papset%%gs% S ST nhRf AT FEget o
wite head of fset, Of 10 8¢ ﬁrﬁfﬁaf‘ér“h°€\/r‘#atté HiFekrl bepreat rody oxUSr5:t@30065
di 821 oses B iignearec driyselednd isavemgcetet aoi NhoEf a8 N HRESdTRESES 0N

~ prerecor dechtleack. f ahé QeboG-SEF\NRel 11 i by 40 nodul ati ng .t he ‘encoded
data into {hg.§eLyQ J%%bser 0 ;&gf or n%%?%%slgés" z Xougpgcgytjﬁgﬁtﬁ’%lﬁﬁgﬁeti c

- flux transition pat tagr ns ‘' defT nihJPHie EadPeon & F eTRfiti vefivhathes dmpe dmigek. A
servo burst? Pa¥teRTEfe ap IRSASHl tewe depeat etk pape caetrivge- paral! elmgrmppetic
flux transint icpnscalsmpdiavi ded, cadai ghiar & shailed oL N w slgbt\(l:\ﬁntj nuousl y

| opgi t udi nglily mari ' i fferent directions across th a6t the
servo track. In ongg%(rgﬁ#]elg 9f‘ir1é’.meﬂ:,egrar:}?lat}f°6ﬁs“i‘%i:t‘“‘ep’é%f@lﬁi*3“61;)r}ési=fl!rel. y-facing

chevrons; CHER* PaifPY cTeitiesPrdcenson héerleyatmdern g peassmii asspater |Fucangd her
exanpl e, Ofe0ShY elAptSlaopask sid bRES WAERstRRLO¥EEL ENELPTLL S 2L L §aNnsiti ons
I At

are formede Bt & GLp Itiplte pairs of transitions. east fhotan
transitions gf&{ he %Fe%gg%teegylﬁmgaﬁsrggf TEY 80R" ar Ehe hape edrive iy tiadi nal | y

Wi th resp&EE e PRI nErPatiigevithatrhs BFeaws atedhdosthipkrbesksoransiat 90 Sssume
COHr i si n@nyhensTodut atetltaba ckrfAGRL0Bass DBl & shOE OTIBLL.QN of, Lhe_type
t .

proposed kmchS 39061 £ i) ,accordance with. the ﬁrmgsent
i nvent i on,,,3§90,pa‘r§’%v_i de | sr%rcgg%lr ggdqlmﬁqt e%r4pjggl At kB FE fBdrs p s theFEM

registration dat&F Fr38F VBipat Per'PioHerli hintgratapetasts OTEavaongidnget Nle
servo tracRpemxdves, isbhesifr wities «peog rvedid@NEa Ak iddie 1LUNSE LAl Q nerﬁ'ﬂgy
' . single reel cartridges. |
25

Referring to FIG. 2, such tape drives typically include drive motors

(not shown) for rotating the reels of the cartridge 14 to move the tape 20

across a head assembly 24. The head'assembly is shown in solid lines and

includes a relatively narrow servo read head 26 that detects a servo

30 - | pattern recorded in a servo track 27 of the tape. A data head 28 of the
head assembly is typically larger than the servo head and is positioned
over a data track region 29 of the tapé containing multiple data tracks

for reading data recorded in a data track, or for writing data in a data

track. FIG. 2 shows a single servo read head and a single data head for

35 simplicity of illustration.

Those skilled in the art will appreciate that
most data processing tape systems have multiple parallel servo tracks,

multiple servo read heads, and multiple data read and write heads.

The servo track centerline 30 is indicated as ‘extending along the

40 length of the tape 20. The servo read head 26 is relatively narrow and



20.. synchroni zation system of the present invention. Referring to FIG 3,
the servo system 52 provides and decodes the servo track and prerecorded
data. The linear position (LPOS) generation logic 50 detects the
prerecorde position registration data fromthe deco ack
pattern. Tﬁved?l n?é%’r position registrationgdata. is encoded ?ﬁ&/&iw %S{ VO
track over 25 a length of tape sufficient to provide a Iarge ({)C ZQUBS
of registration data so that, preferably, the registration data may be
recor ded S [ n ich are |ncrerrent ed-and will not be
" repeat ed ?% tﬁyggﬁr%sfg&lfglwesfa e phath eI the sgrygitamekiafearin
posi tion P€§P§‘%ﬁ“&?|‘ﬂr¥hda¥%t ipoebomated @unartena $eges, ahet ege LongReqt han 30
the desi r adngeadiitiinnackiar efoiepe Hita dA8ALIPN L) Wa0°08! ALLAN Logi ¢, 50
addi ti onal;lsy ke L Ig)c!s%tts the Ii negr position Tegistration UEFR% 573
provide ' greater-rassol thS SRTGT PEAL 26 i Al 5o FPYATeRt eerursectiredBeryoredi a
or % ape. BBti¥@ pf Tegrepiss flvorrgesisiats o HetiareBMbC @RE | S81QYSEdad g@sqiszarl d
i nt er pol atsestidteit igepdratd@Sid 288156 %e t ulated in
prerecor dgd_s€JV0. SFgajftflrn n the rgg%oﬁéafghanh 7 8y gﬁ%ﬁ Lﬁ‘aﬁ “lgspﬁ"l‘(ég?deé(aaand
i nt er pol ated position 1hforhet Breierpbsiecrges %fat a“feoﬁmatleﬂe%ﬁﬂerl n s
t he il | usPratesgee misdremint redd Eb@l sBgnaheniinfareratd08 bsSs:itdPR| 4i8daPUGE: @
serial i nﬁ.ertf:&ﬁémﬁftedHﬂlat Besdaba J%Eﬁﬁtifi%%s Sfh tbhe J‘?-@g data, l Qw, of tg

- regd/ wri tge;‘h annel 1of the drive decodes a set_of uniqué oA At ef
recorded Wth eac a ISBETAEEF | RFSEHR °opbHR! \WiFRRPAPE BRaYdées 14D on The dat a
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a data seg %’%D% akt [r% |sbde&t; ected, a new en%lréaoallt{s’e maggr?ln stlﬂ’eajt 55?‘5 e
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- easry pustedkosr 'tol haidtQikIdEO bsrioUhdaa 2khiehe i Bp 1 | dest entry

- bei ng pushed,off,. .15, At 3%arre poi nt , the r ecor%rg% e pesﬁa‘:t% 'élt‘eoﬁﬁ'éﬂ’ The
st oppage may be J’ue to an |nterrupt|on in the data transfer or to a '
tenporary fault condition, as discussed above. Alternatively, the data

transfer may bes casphsaiea. ab'EbBS tHehgar{HE%auyﬂ;'&ﬁif‘;*’"@rﬂst*&—%@rtto' 09.¢ TBY, e
' revvound e pamved, f . %rq“;me drive 12. 20 If the data transfer
errupted, the recor fedi A entde B’éa’tf'f('?ﬁ h‘i"t CRERY STm ?%noﬁ‘&jgﬁ o

d| fecti ot SkSErYRiier whdde a‘r*teeHEdlﬁheommmes 2 aomeelaermses:ohhﬁmbesafodhm medi a

up to theedorimct Bpeedihd nahlOWubheeS SEMD Y SIAM LG & FEE@:' ¥y align the
tape head with respect to the data track. 25 To attain ongltudl nal

al i gnment  of the data set, the tape drive 12 back hitches the recording
medi a and restgr FESHATE - nUireeie BPSithen fuditabe sraslatedcand ekayrehasgl zed
resynchr ofitRerqsmechedi shpdsts isen séqéata. SehiwiishesRREETy tlﬂ{:&lh:%ngat; 2 5Set

szaquencewrseeAlst a&aattltr 00 obdiGih Ll g1, may, conmend That the data
transfer J gl n at an rlier. dafa@eggti;?ér};lto gatc? ence  TIRY FeAMF AR PLd
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to the Ilhgggn pog,h GI2ener ation logic t e a8t
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Qi st r afFoFPStarerdTEPi URtt then tdpé asCHAREkp&YS bOMHRS L i M 1€Nreaches the
point at which the data transfer ended. The present .invention
. synchronizes the data sets to the linear position of the tape for
restarting the data transfer. Thus the data transfer begins at the

"identical" point at which it was stopped Herein, the term “identical"

?5 is defined to 1nclqde any required offset, such as to accommodate read to

write head offset, or to accommodate a write append operation.

US 5930065 discloses a magnetic tape media having data information
superimposed on prerecorded track following servo information by

40 modulating the encoded data into the servo. The servo information is



*40 indicates the conpletion of the back hitch and restart process and 9 -
5 10 15 provides the selected read and interpolated. |inear position
registratign information, to the |inear position generation |logic 50. The
linear pos™MA%2¥éneration 1 ogic 50 again_reads and i nter pol ROTAGBADINEESS
prerecorded |inear position registration data and conpares the ain read
and interpolated |linear position registration information to ta pﬁ@/]'g@gg
read and interpolated |inear position registration information. Upon the
provi ded, affif® g%ﬂ AR reagaetinEarx poshsitionr paiteirhatdeFani R Gk MBdasprbaat chi ng,

t he identixabitidieal {2066 tdx@ox0f Al BEFLEQLA i a.has . been reached, or a
pr edet er mi nad, off ggﬁ_ reached. _such . as ?n%ag \%ngf@qﬁﬁe%d,le%Tt {£8° ZERBHTIdat e
read to wite head offser c al2HietdfsSidtt BFRRAticfe iFi preardebs wbicinare

gener at i orf¥2BEf% OF nefibeatins gontimpans KON ONBI R in LDV SiaBle & Va1 £:2,.602b] €

si gnal on diireexi2Bs icrb8atrenglg skanal | iipe .59 to the data formatter
54. The data formatter 54 then in resgéﬁ%@h{tgﬁ)ﬁig %%r?ﬁﬁrf’?ﬂ‘ﬁlmttbﬁ .
i ndi cation, TR trat e a1 ETatPRAFdraly Facine £harians: apaun daoper atvia@s; t ions
synchr oni ZbaEeRvh&oruadi g dammdm . Wint At erdnp18et SppeBiddle [RGLdI Ng
medi a. Thetddder s€d empi&eayPigal LY. SERar .by ‘data set separators, and
the data forpabter, 54 ggyrichr. o_nti,'z{(;s1 the r?atlglg%élﬁd?’é? _f\ﬁf'f‘etq MBERETeHRE ghit a
20 set separator 1nmedrat&fy*ForPdw A 19ECdER tsarsitionhienelic hegkdcbaear
, po¥ tion Psgr%lzpa%igcmumgrha. sf@f@;dmdnlghwmnaa w_emtaefé;g,ld&tng;&ngg{eg dOnsuch
as a negnerafsitapes,, tREGhdfedP th-AikREELE {LILGIPOL al.abl & 11 near
position riﬁgégnggg&;pn. data 25 infornmati 0%8[?%‘?# éggrt ed,m°$L8‘rat%§<é’ﬁﬁT e, in_
¢(magnetic flux transition servo patterns, defining at |east one | ongitudinal
servo track. The data of the servo track conprises a plurality of franmes 73
of al ternati ngpgtDupsoRfat DK S Pal Lerd e | accordance with
ong enbodipenty of . Sihgh.g:li‘gsents [ nv,_eng’o_n%rzg‘r)]g&glb{'%%g?oqslsné%rembweéi o
registration data 7 i s priovi GBY IeRGOR - f FuEovitiee pdexexokded he servo track
pr ef er abl yTiFEPIRfES1e Lippehroni wani oegichasarineaath 1hobdQweshRy ihe
| ongi t udi Aefinposidti Denstabie TingARdiARY 28,4 QLLoped by other data 78, such
. as data supplied by the nedia manufacturer. As an 35 exanple, the
synchroni zati on_character nmay conprise an a bit character, such as a "1 bit

fgl | oned by 7 BFC¢-bPtElushertesnerte embodimenn cfhekaciegt sfya@ybasaa neans of

i @8nt i fyi Aypcbhenizegiomispgrenl cpate seiseaf 1dvagaloPOSiiiQ0:egisiration data.
10 As di sgssses ahpve, p;ggagisna%%r Qgc?j:ti n re?‘ifostraﬁ%%g%faﬁ g°7}eri' s> efitdded
into the =‘§er\r/lo track over a Fengtn orctap¥ SGFYq £Fafk 2P Bresetatded dagrge
number of “bi £ 3G PRYitieR 4LFPOT dareratdentlvatic Jr @keeads yhe pherdc8ghst rati on
dat a may birepeomrsdeibnasesiogeticnaliathal foming NadMdsba %Qetréi:krgggea}ne‘d in
the entirend emngdly it 0 ved- o . tracks:-containing the T'Irnear position
registratjon dat affgrrfa$l be rre%g%(%g{%/nntdgg?hles PRI HFnths £eare aragkageenri or
to. cutting the recordi HfTABHIY FRtRFOVH ¢ derde membex. ofdbitheosr esul t, the
linear po¥fAiFbTRtieyidstaFic ohardapeefybNOl theGidyidtratibQWAUNRE i N the

total seqied t NEYn, [ t_.any_nunber jn the 10 total
sequencef:I b Bylscatiiat, ng&f{lcg adMY ndiddhled and will not be

repeated in the entire length of tape. As the result, a total linear

. position registration data word may require a length of'tape longer than
30 the desired resolution.

Therefore, the linear position generation logic 50 additionally

interpolates the linear position registration data so as to provide
greater resolution of the_linéar position of the recording media or tape. -
35 ' '
The linear position generation logic s0 continuously reads and
interpolates the linear position registration data modulated into the
brerecorded servo pattern on the recording media, and supplies the read

and interpolated position information (LPOS) to a data formatter 54 In



Because of the |arge nunber of bits, such as 24 bits, a total linear
position registration data word 71 and acconpanyi ng synchroni zati on
character 77 (e.g.,.8 bits) and other data 78 (e.g.; 4 bits) may require a
15 | engt h WO 0&f323 onger than the desired resol ution. Theref p&fiGBo601899
accordance with the present invention, thedrecorded data, is interpol atable,
wi th each group of data conprising interpolation information.. Sg OCTZOUB
accordance with one enbodi ment of the invention, each 20 frame 73 conprises
two groupsthé paAukefdtea/dmyidnd=mn ANfrgash fpal f ; Qroun is.counted from
the end of c.gach §%{Qgrt}raogi§6ati on pattern 77 and ?%ogr%gglgﬁ%nﬁ? noPBF h VST fear
position regi Stratton data 71, thereby providing an interpolation of the

| i near position registration data. As a specific exanple, if the total
l'inear positionrhegiestked iRmeetead Bal teakN LANRLIS any 8 Di -

synghr oni za;da']%ré chfart%ctgr,, 77,,8 24 bit Tinear p%oas???%%r%ﬁ §f?’é{twirbﬁe dat a
~word 71: an Bi 75 BF TS 1aAe5ede 2 50t of apnihe 3chasReterEoreqddes WitAnes
73, and coRAftt dgtdpearéliedaties,"Code Wdriit PaipUdadel ipM. erpRl afiLRormatter

i nf or mat i QPrdvaRes S hhsavd ré? mehol18 Ef&rah P n, an_al ternative, each
frame may jnstead be count ed., op%v? ing a ?#ggés?ﬁ ?%lgr%"glit?lﬁn?e}ﬂ’am
accor danc&Wi 't KT UL 58380 &% Cery E89esiard) Priystieatier ER'mpeed.P0$. s@hew paALLLr NS
in which dittassayrdsereircdedotSt Bl ebtriNde Guaidk! U5 khat@ni He-Si Gl 8St 3¢
metdiod foreneadiddsdata,i BLOn16e S HLO ern. The jllusirated pattern
conpri ses ,t.ransiti ons whi ch each S/ary i?\ﬁt%\%v% nct):ﬁ'ﬁi “uahéﬁagﬁm ections across

the recor g B E Y cateefab e a g Hrdenented e aoF IR0 wi by tbhenasonsecane in
opposed diéeVi peshedapml. ame wal Femb as’ fiaIOnds" rALRENG] kMElMdelDnery
transiti oneiABYpesHaRrésS€ 0 only the top halves of the chevrons and a pair
of transitions thus WO 00/ 72323 PCT/ GB00/ 01899 11 3 0 0 C T 2003
conprise, first, a forwardly sloped transition, or 'stripe", followed by a
reverse sl oped A% #AB¢ tisnr, thestedpelindiseaid way ey sabigRanatinest RGO malhe
transitiome g8y hAYE HReshANGonHES & er,. "cheyron" or "stripe” refers to
- a single tLgpsiidon and "di anond" g:lrhgaés%t(ril ?)ré’fm%g%/'prr‘é? & %e"fpc?rﬁg’a ffatthed

pair of non-parallef” AR ey offEermd vRin rihim detabrranefex ey rimns i n
a group t RaFPLeRe beThiFedthe medjendmatendaos eevoapiish! ind) B Hebosiddpah and to
encode datambsed \iom AtheyaeL@TRbary encoding algorithmis to encode a "1" by
- m3yi ng the chevrons 10 apart and to encode a "0" by noving the chevrons
cl oser together. The di stance each chevron is noved is identical in
magni t ude but oFpbet (RNt xknsEey val. iSientertehie wheve@R8iNgISkale miBy et i N
pai rs, bobhclkfhithkBed GREVEORPPEOITY B+ 180 Qka”ﬂ%@ra{egtgptve%d t_@%egh_er as a

¢

~pair. In ELGi&a L pur. chevron.  pattern of two di anonds tpifedént s
Leracklit g%t%eg%ﬁ‘ée\gri%n &ﬁ’ tREUTOTFECY, SPERE £ ALIDMEEhe sere

t he normal spacing. 15.
patterns SYStfiafSntitegally ¢lismiheatarenbenti it respidestd @h8 dath” trdc@adi ng
feémleft to right. Specifically., the "A" distances represent the servo

i nf i B dis h . 20 Alth h
the o hgg@m%??;ﬁ%ﬁ@%‘ésﬁéf BB o b PEerite 3f0e esents

i nvention, & MAEEPeHIEEaRASRESIRY MRin oRf yresvartdi ahomdgeneer of @HP reaibpat it
i's difficedtas odéstrehges shdards3A6RMAN:PattherRdibopRA i dlbEliaRatdern,

wi t hout thesglideVes speed. ei;ng Scegpgg&n_t and known. Velocity In epent\ifen
dggigns are difficult wth only two di amonds: per. 25 group.

.Alternatively, the tape controller may command that the data
transfer begin at an earlier data set in the sequence, -

The read and interpolated linear position registration iﬁformation

- 35 of the most recent data set, derived from the LPOS to data set entries of
table 57, or the table entry LPOS information for the earlier data’ set, is
thus provided to the linear position generation logic 50. As an example,
the data formatter 5S4 provides the selected read and interpolated linear
Position registration information to a data channel system 55, which

40

indicates the completion of the back hitch and restart process and



*However, as discussed in US 5930065, velocity independent designs are
_ possible if three or nore dianonds or stripe pairs are used per group) as
illustrat eqv'gqu{iég? 7 and 8. FIG 7 conprises alternating groups 82 30 of
four stri pe% and of five stripe pai rs at a nor mal spacipog/GBdoe1sds
illustrates groups 83 of. the alternating four and five stripe pair bursts
of FIG 7, noving two of the stripes in each. side of the five i hA.
group aparg (’g\(r)%ncolge a_"1" and noving the stripes closer toget%g qthp?ﬂ(jZ%
encode a " 6% *pERS Fededteinarady end hotértchetéuinadrdpsdie i b \Rgi SELIRE, Pl T
 bursts mayibéommagocedo the 160042534 3n Rl FBAQL 01899 %o 09¢c. 7- 2000 .
'Encoded st pbpfriRai ééieerEicQ{ Qviidci g information I's addi 11 onxhs ﬁlﬂF%I osed
“and enployed in the "Linear Tise AiBrrepgeyand: int¢apelaseat t @renpréretiodSed
with a magn&ti® PEPEirRcgdrtrptienidata cacihcgipatps Qﬁebdfa_s_h Rakt ?ﬁ&‘s
conpr i ses_élllttee:pnaaﬁadglmﬁmeﬁgsigﬁo@trekggﬁratwp iheneat e« Fai rs of-
- non-par al | gha TROS/IN1Gedd UK LLack fal fow ng servo trans) £P diis, Prpeidedaread
| east one of the. transitions of each™pEoist@atdentinfionnasion.| ongbd whienal | y
vari abl e &RTVET AEVRRIR 592t héndarapdsitson keaSsitabidd B MnablGY [ Q0 AL 10
| east two Wie tiflentticahsiinean oot t{ddeof %@%&Qrﬁﬂi I Self g ttgr oup in each ¥rame
are shi fte&jﬂrgaggetﬂgﬁﬂgl Hsvgit'grgacr eﬁpeCt to ot her OToTheY PEAR;I936Rsd ofort he
regeated pairs. Ihe s | fted 1 Fekde [ FHSBcHhPRi 3 @it eapensosot iten
regi stration GaH. cafffdese vritothradfotfees! Jpatiuided MG . ASAk qiiﬁ‘éID”d1 or
a .franme ofosiwberaltaenaton |189¢ hindi ARRds LAPRLISES, LNt erpol ation 5
i nformati Qhapfs AgaREU 1§ eeéggjtij e c{)ef erring to Frasehy BHRFiFing g vritane
‘73 may corprise a'length of i ffBablen gignad oy ddwm 5or tdhadnk ds@ne a
| engt h of “SpPPUXETnEL el Fha GBtai tarvaster §4 tdhent afnatedpBRgt o0fhd I&ﬁmﬁb‘{w data
71 vere 200a86h bindgcaicopy | £ii8gatdl & AR Sopd D8 0L, Length of the LPO5 data
i $57. 2 MMsyhberdnBPitlg Qgetggdg_nP%glata i s updated as"&4 haPpedfecpPeratdan, but
‘the data guly represents its po&TTIBn T ae i g drtas setd lon| ergtrhcafaiig? MM
The inter pof]aif‘i-on wi thin the LPCS data provided by the use of each group
for interpolation is thus 1/72, or to within 100 mcrons. 25 FIG 9
illustrates a dupldagat g€ d dul ated data system having duplicate
servo tragks d%% apd 27 ,'ér Eeée[lé(;t 1%‘%? 0 PBE et 25% sghseperanirsheant
agsenbly 24" .~ The SERVEt PACRECETRiFem@hs| yrakit e e0akdry waltdng! OV icele &adlor e
~atcurate POSiPBFAtey iimedastelyess 138mgande 280 WL ST \\,éﬁjf na.30_ 1 he _servo
heads ovepodiatibn SREYOL4tacK Hepterlines 30 and 30, ose aver agBedr
conbi ned position is nore accurate than that of a single head. Signal
decoder 36" nmay be identical to that of signal decoder 36 and enpl oy the
i denti cal . noduft-ed Hematteesdi ngcardiaggamat 7o, 35udnN12GCQL lance with the
present iwmedEat iloiving herekdledtabgalneki N8l Qs ON registratt on Gat?Ps s
re=r ecor dagdrRa @20, Of Lhe, dup] | cate Servo Fack T HTdr et strTpipn dshoul d
an error occur in_one ,of e s vEAPAE KR Bronshisufdwart rend il of Caditol N
readi ng dne OfT'hE8eSEie atr dedes, ome legimtnati08e AR SIAC NIRRT Z2L] QB E)YSt em
15 w || Sﬁ/ﬁr["eht'-'falcbmdrﬂpEiﬁsl’QFpl‘ﬂ;QaﬁﬁlS,VQf tfrrgﬁgs t9 t he. ot her servo track..

of alternating groups of
burst patterns 74 and 75, | ’

30

In accordance with one embodiment of the present invention, one bit

- 76 of linear position registration data 71 is provided in each frame Th

| data ip the servo track preferably includes a synchronization charac;er 7:
followed by the longitudinal position data 71, and may be followed by
other data 78, such as data supplied by the media manufacturer As an

35 example, ‘

the synchronization character may comprise an 8 bit character
suc " i i I
h as a "1" bit followed by 7 "0".bits. The synchronization character

provides a means of identifying the beginning of each set of linear

Position registration data.



WD 00/ 72323 PCT/ GB00/ 01899 13 3 0 0O C T 2003 FIG 10 is a nore detailed
bl ock di agram of an enbodi nent of a tape drive data storage device and
regi stration and synchronization systemof FIG 3 for inplenmentation with
t he one ser‘V@"@/??éé{ of FIG 2, FIG 11 is_ a ' block di agram etTAZB00/01899
enbodi ment of error detection structure t&°be applied 5 to the 35@59@7?0
FIG 10 for inplenentation with the two servo tracks of FIG 9, an %
is a flow chart depicting an enbodi rent of the nethod of the present
invention. Refeffidigengsdd Bove0 thad ihdar Pope 0 rbesdiS 1081 gL, the is
recordi ng :QcéRdi tndd 8RE)sekS ed,.or ving. |f the nedia 1's stopped,
~"NO', the test is z%%ai E bC,Ond?J(S:'%I% ?u(ﬁ'telgl_at egg%d:ifat?’%e TR ELCisptt tre Prapide a
drive 12 af & SUFTIcCi 8htPiFAL ®F JrIsHdetiehaata lve chatvo peysémmnp?.cxef t he
tape driveTeHiFtretiont fatas eny bedateor@ed 4 @ePidites g L{;{LQ,'f L,Fﬂ nal
0

regsstrati pepedabd,in' ¥E§"enic£‘rét1%9?é'h0%f da1e SELVO S%.]?t emn 3

o apé irfe 12
provides the 15 servo data signal's and e pror 88bYUST2es sopraininbetimne,

or one of,. the BEVER FEEkEErathen daghalayder ceeordil decodtn i@ dingHedia
posi tion rayisserade pniciata Qalthifg the CAIRRLE S G, r;.exanpl.e..a ,
synchroni za{d easghar agd ‘i&nea% %io ear posi.ti ongn, rg(gi]ilc'r&s)tlrn gtéi %gdiéf%\?%a]v\ﬂﬁfa'anﬁs |
any other data. A detector 102 of the 1% REHBsF4t9 Ray IToeShegian et ot ilow
I ogi c, in STEpT 23 183 togal secvendre buterethrdedy | hetdar apasiyt hibeke 8 Stfat i on
dat@ from tdteldessmdece .servo track pattern. As di scussed above, a total
| i near position registration data word may require a |length of tape |onger
than the desi rgﬁqa resol uytion. 25 Therefore, an interpolator 106 of the
linear position Genet &fi i R8G9 Purbem pébite7, swdditi onatity, inketpohahes
the | i nearPisssian oeoissgasionatiatn woad 315 9n@S cbSnid yké%yg&ﬁgg Qal £50! Ution
of the |ingata@esi 4 qR.of, %hﬁiiﬁcgﬁgio@ﬂeﬁdi a or tape. 30 Reféf FiHYy to
FIGS. 11 and 42, .in accordance with thie br&53nt® i‘fvent iohitaheay deanicala,
| inear positron reiPst FaRgesntipn she depirsdeeesalatibn. each of duplicate servo
tracks. The data signals fromthe two servo tracks are decoded by servo
decoders 36 an@néfesords i above, ~and one of the decoded signals is
suppl i ed by, switch 114 t% gg%%%tg'g?e %8}'2/h ARG BE SRt et pEPaion. the. refouded
shoul d an error occurCliFaBhe: JRthRachegnpypt pickesa donpirisivayili e aboBLEfn
~occur in rEEMAGivhe B acherdamicw owitthades emﬁodiGGEEtg@ttglgnimqﬁi?n each '
- SYROChr oni Za&meO N3 Satsherzed bho U fr he error.servo track t6 the other
servo {ragko, ;10.00( 72323 ﬁ%ﬁ%@% TS50 74’ £ 8. 1o ach haaer brane
detector 110, in step 1" o\ et ST t9achs eynrbroyitasiod pandrs ey dad amef t he
servo trabROTEERE CEdthy ldetaaT PositiOR. rdgn sERIILAT 4A1G e &%E%!Qy YL e 92,
Wi th exanphaimyesenye:idd 3K QMM Shad ¢ Lx&ieireng%-{pa%igro 5 of 4-and or'%s
repeat ed paifseOf; et [QN iogilo S, the error detécting f’e‘%&fll i @ofprgidas
dg%ecti ng a m ssing or extra transPEidRnf Fist mtiea dstobat tans cbmnises
AdQi ti onafty? Pot syPelsonarationychaghtte monid eri By UhReadgbestQy, 102, where
t he nodul stgdtprape cadtdedbdd REAranBOS iy istration data conprises a
single. bifecobe Mibtibig hongLt udinal b ARh SR Toeamest o,
error detecti n%lﬁst,ep f ey * €SS TRETHRY dwt Pakf firapemcedot Bitr emsitt bons,
conpri si ng AN URGEPR IRERMSER OF rrephesest st hig2gedupe ebtNAPESaf, t ransitions.
 Other i nptlasenttive onscaf f4ahe ®dy OhstPREESS gy SIEP ééls\?gag be envisioned by
those of sitekporapide art. If an error is det ectell, "YES ,atﬁés
errordetector 110, in step 113, 15 provides a signal. to logic 120 of FIG
i0 on line 121, and the logic 120 sets a "VALID' bit to "0") neaning
"INVALI D', as In htcdrdasephatmas. s43bogt errhd2. 5.t ey si.anal from error
detect or skl0o GREeFALES;§ g swifch 114, Wmé%h sngybg%aéﬁt%ég SF PR et servo
system 52, to switch channéels ?oli% ke eé‘ic@ﬂ%ﬂ" decoder 36 or 36' having the
~error to the other signal decoder. 20 If no error is detected in step 111,
- "NO', the "VAIFES. Isi nd $ $Efudc@atel the BABLOG mlAhdP ol L, SHER, 123, as will -

_be .t | . data into
p the€Uservo pattern. The illustrated pattern comprises transitions which

each vary in two longitudinal directions across the recording media

Call " n x ¥
ed “"chevrons". »n pair of facing chevrons are in opposed directions

and are called a “diamond." Alternatively, the transitions may comprise

40 © only the top halves of the chevrons and a pair of transitions thus



*The linear position generation |ogic detector and interpolator then 25

continue to read and. interpolate the linear position registration data,
" repeating steps 103, 107 and 111. Referring to FIGS. 10 and 12, detector

102 and i nM@ potaedr 106 continuously -read and interpol ate tgeer/EBoGAB99
position registration data 30 nodulated i¥to the prerecorded s o _pattern
on the recording nedia, and supply the read and interpol ated pibt O@T 2[]03
information to | ogic 120. The logic 120 provides the position informtion,

t oget her wrertpxa séVALdxst | NVAbHRralj ts10888 wdeliidignal,.i nf.qrpatiqn.to b

described hergipafi{gl.s 19, a,dat ab%‘, or rrgt ter 54%3\8/2? ofheéﬁlggdr_%?)rllég? d:e% %6.
As Wi Il 35 be explained, preferabfy TR podT & B SRF ALrsEPHivies ensdated at
each i ncr eSRed*EpEHRic®F Tant Brysopatsdere 06 Hepsimdi setis sekevabav &r hergata
formatter Befecmptoys stihgie’ Costas Vo aRai faiHEARR! o) O; ch a set from
t hesdat a chankek ;;iraggc%gli_l ds.qa Q. table 57 of ltlhgt%rl%et S%e%e%fg%%sd}% d
Pair Header 1D s vs. LPOS. Wien a “*WOD6F¥¥353°7 PCT/ GB00/ 01899 3 0 OC T
"2003 data set separator is detected, a-new. entry is nmade in the table S7,
which, if the taid einSminhlmbedves Whied&shst e 0 el Y, 1L the table.

Al ternati Vésgnyé'r as di g;fgz)fggitabove t he taple %r’g&;/ﬁ,bgﬁig Igﬁl—‘de lﬁﬁg‘%itﬁg t he new
entry on and the ol ges LCIGR SETPR SH988T |37 §9) enpodacdaka [igchwd onApf t he
‘nost r ecerff*FRLAT % EPcPdingaelderdtimis e eatride 57717t Bgaicheng Wht hekdiBons
| otati ons afara ambriter effodr £0@6di \Ind@dR S6I Sh nunber .of ta sets whose
precise | QgatLQps ee;rg Latched i.skw%J er g%or?_gge{% gn%hr%gf)nwtgﬁgﬁ%%paa‘?y of
the table. 10 FIG Ib depiat ¢ aiP sRocuiAetiicat 1@ ramisuey by eopasératios
identifier¥T6FEiMe d8inrestless cheGrors wissi be maved pol piied, | bataass paSi ti on
T egi st r at iahevirodocoabinnng 7 i dondi SUssed ab t sef s Jmy be
identifiedpyysany CRLE, rgift%irr oIgegder D n&(fgfﬁrf‘%ef‘%gi\%m (?#1” tfﬁlgqusel y 15
i dentifies the "Code Word parr® Set” S AKTER 1 TBRASSAYES thAcnammeh smsdeg
Word Pai r % ERatREVESRSR vithast dask t4nd, dim #1FN & hehalphataek 6N@iakénds 81
associ at e@rer slmewrc o8 r@cbiiny ERCHpas iy o Mi--pmeqay,aqbgrg,pclgggcdipg r}%%hg pair of

er |

even/ odd ispkeftgaved de. words. The Code Word Pair Hea 73
i ncl udes q,B“iQdi catgr th;? ?ﬁega%??se

TBREERhi T FEVRniRcarREione oamd tBE t he
. 20 write pass“TIFARATEITePREsEnEDde swsodePadatavas written. The data set
identifier may also include status information in colum 174 that may

i bl cat e whet hen ehbgaat t g4 ment c._Gven this information,
the tape ¢gntroll e!rgle%an %_etﬁgr%}iarﬁ]'gg% _é@%eorrnr cé%tF%%bcsaP‘%r‘Pef BFed tqr 1PRIegsPeNd,
whether it Tsarter FVFPHSTef eI FifrfvantRaeaviEt onky ¢Moi dlamogds alelry part
25 of tha®TeR dssthatritbef diefiauitr agnenicinfiich 4 9o0a6bdablteednl pRARt Of an
ol d data seiiandpdoesmN@iche@Otdk N, a0¥ é&LQrﬂQ ion o aal ue. The |1 near
position Lpforamtion 1171% i ggl udes, in_colum ?/6, £ & f’ﬁe&l’wﬁ’ési tion

rer#i stration data fead fFont THEMHREReUTtden ts Wi Yo ophY ttap rhid@onds relre

i fter pol af€eRyosi tion information in colum 177. Additionally, status
information may be included in colum |78, which, for exanple, indicates
the direction ggwg_,‘neer servo _track, whether the servo data is valid, etc. 35
As di scussed above, the ITAEHFPGE PF 1728165 pripcafy tipderendant dsstignsray be
| at ched i A"T AFELBE iThhree yyemexmtiioidngs arayttipaspdiaekaid bsba gedShadty, and
begi n t heaslatiaustenskiein atter 7t @ goStprrece il data set.  such as
daba set d8G..Qr {Y..i fstead begin the dat a@%'lp%rﬁgg%a(rmgtgmoa%én%fgrtc’ﬁlgs pHi or
data sets, such as data Set 989" ﬁfﬁﬁss,trllﬁeepf‘éf]%aéoﬁt”t"é'!"?]elspacmg-l FIG. '8

illustrates groups 83 of the alternating four and five stripe pair bursts

of FIG. 7, moving two of the stripes in each side of the five stripe pair

group apart to encode a "1" and moving the stripes closer together to
encode a "0". ' '
- 358

As an alternative, both the four and the five stripe pair bursts may'

be encoded.



40 identifies the selected data set to the data formatter 54, which
provi des WO 00/ 72323 PCT/ GB00/ 01899 16 3 0 O C T 2003 the read and
interpolated linear position information fromtable 57 for the selected
data set. wWio gea®spoi nt, the recording nmedia nmay be stopped,P '%F 613 95
identified in.step 12B. If the continuousz2anotion continues, ™ Y ?ep
128, as indicated by drive 12 to logic 120, the process cycl es'tﬂu@CﬂbZUﬂS’
steps 103 and 107. The stoppage may be due to an interruption in the data
transfer or a tgqRRALArdt.f Er%p Ltion. .as discussed above. Alternatively,
‘the data tyansfer 12y berfl%uo Lf%{g&_ﬁ%&d%fpﬁe lﬁgﬂ’f’%ﬁtl% imaddikiomnlly
restarting. -raysHe *PeiSRHYeanin itdgoliddetr Granehepetri ve "iZror| brddm dat a
transfer wastem.errupted, the recording nedia nust be back hitched and
~lacer restarted. -Thus, if step 128 indicates that the continuous notion
has, stopped, "YES", logic |20, in step 13Q deternm nes 15 whether the drive
i s conducting tH&EShatR n? MeEnehiG Ferst decording"M@ia, éduh grbve oFUSIrdRe

st opped f GRtbeOEcommrBasoHRltEtaRiAG duftbeFL\WeNGE Iy nloadi nq. The.
process tRda-gaehes: Ragkedi@ dﬁ[t“%ptloqc. IJS "YES", rltg ﬁggg;l’wi%\'/%e%a[tlegr%asﬁfﬁeoﬁ he
read or wiite operation, an e T pf LEERERF rRATYPI FRnRA Fions.| wherehet
resunpt i oR T B2 RT the tCarsitdenamiaeacit payrcor leehedriudgs B th dng SRR RE P1Y Zi N
t he nedi avpobitlieoncts htHeesPRGt of GHehErLat ags8t a§e9%@§§e ?ft‘-‘ r.the back
hitoch, t heeslsd 6ol 2R68,ELALSS, LS rEgcor ding media up to the 6t Pect?speed
to allow the servo system t'o Tarerdl FiF dePgrteheaizh et he kot tn rrashect to
the data {FHtk3r2FrihEed dpagituginaddy witdh ratmrqpotatdtiet i d¥eahe POSInLE Ofbns
regi strat PHrelienkepemmbd girder rnebHikoda g LR set,_entries of

tabl e 57, rég: dels; B gyided,s iL,0.step 134, to -tt(t;i)gélg 8"5?‘?%%3 RS* AR X e,
the data fggrr'atter 54" provi deact e “8R|%cPRESY 2abtemd i il pel atdidmbidear
posi tion 30-%°&§i <% 4P| Vrerinter hendtbndiagonds atcape harn eht sxgsh M &5, Whi ch

i A8li cat esinfremeuimml.eti on of the back hitch and restart process and provides
the selected read and interpolated |linear position registration information
to the logic 120. 35 In addition, the interpolation count allows an

- unr eadabl e LPCS 0 BEF e Prriat) rafrfring 4cPEEss hat ashiay! dadie bmd Mat may

| ocati on §¥PFLPHSta Lengxtl dDORob e ctbheadad| &uduP YR ETS) ion, F

exanpl e, ddprbRendteiy b +ROG4S XNy where 1X§i§;}1®{he)§%’a§?“glr%aa %erng%t%e
tgpe., the LPOS X(N)+1 is substitut eqd upon reatH R B &PPS ideter Powaré on
count if the tape Ts tBYitgtram@e OBre7 2ol PETICEBOB6/ B8 8904 Wata0id 7C2 T OB
in the fdMfai@P FectieorrosodatshesLRAS H Ms baéis ssubstist ULas il the % eis
novi ng i eniperdmeesse did e6ti jet ector. 102 and i nt erpol at or

agai n, i.rl!éggﬁdsla%é}én %ch?,lgl t%%?e%gé%tr 9,§ el%_ssf ﬁbé gﬁ%ﬁ ?fahd PBad TaAd

i nterpol ate the prerecordet’d MRBArda58REqvéAed iyl she atseoof datcd. group for

' interpolation is thus 1/72, or to within 100 microns.

25

FIG. 9 illustrates a duplicate servo and modulated data sYstem
having duplicate servo tracks 27 and 27

3 . read by servo read heads 26 and
26' of head assembly 24°', .

The servo tracks are read simultaneously and

provide a more accurate positioning of data head 28a and 28b by servoing

30 : '
the servo heads over both servo track centerlines 30 and 30', whose

average or combined position is more accurate than that of a single head

Signal decoder 36 may be identical to that of signél decoder 36 and

employ the identical modulated data decoding arrangement.

35 '
In accordance with the present invention, the identical linear

pPosition registration data is prerecorded in each of the duplicate’ servo

tr [
acks 27 and 27'. Thus, should an error occur in one of the servo

tracks, or should an error occur in reading one of the servo tracks, a
. » '
registration and synchronization system 15 will switch from the error

40 5€rvo track to the other servo track.



‘Logi t 120 provides the again read and interpolated |inear position
_registration information to a conparator 150. The conparator, in step , 10
Z52' , cOoNpRHRs again read and interpolated |linear position registration
i nf or mation ?gﬂ%ﬁg provi ded read and intggpol ated |inear pogpﬂq;’ﬁgj’ow”
registration information. So long as there is no match, "NO' i@gtﬁp %22’%
-the process cycles back to steps 143 and 147. Upon the provide n Gl Gﬂa
~read linear posipli OJIQ) r.ggi st rayﬁon,i nformati on matching, in step |53, 15
'YES", the identical [T nedP poSteibit SoPheiresy of mp webédimbot dthe.tape
sel ect ed GAt%e s8ta gsoragederimched, regndt t4t@on QAL RhHrod B ¢ Beli HALES 2
conpar i SoFiaatxlor AnpleRR%aial €5 e and_1S2. ., _during a wite
- -operationg L he 420 gt%t 8¢ channel ?}éﬁ etr%Sgéer %g(%so ttﬁgc ﬁéSF{fé@u%I&athl géta
header table b7 of> That fit SHBLAENT &f STAroSekacsinm mEruhadess edagppead
poi’nt (i n*PPES FYHieni oh)FIforlt fouciopsd shaavion &ieRafA! Las SOBRD L RO MEL €
Jdata streamnsi 9,i erraptiod; s \Whe.a , 00 W.ite operation is initiated
and the bggk. i %ucehs gonducted the ggtgg{ %E%e’]wgs%tee"%f’ggnﬁn&%éma HesRed
| ocate request 10 25 tHeB8¥Po system 52, with the target LPOS parameter
derived fromthe table 57. The servo system52 wites this target LPCS
val ue for the apReRInPRonNfrddlt 9ot gi o, Jhe drive 12 restarts the
t gge and ﬁg&gl %%te?sifhe t ape ?% E{ﬁ%ebr)'ecsg!rg%izl%a 5%&&?’%’?/5‘eé_nﬁ‘ea€q?ﬁrﬂe39t he
track foll owing servo SFGTRI Pb WWEEH! | 3R thremedimdvesswppdsitNDonithg Of the
~ head. The®$%r ¥8 WBinyasmdnrG2 detidr rheerankers hbeeﬁaﬁzvéheoﬂﬁﬁé’f%}?fé 1972t 2
vel ocity andtitiatkri€l LeWeR@aPasict LAD AL6, VW, LDL D Lhe, Gt rol tojerances to
enabl e the data seb.d %?'Egtr tion process. —an exanpl g, tare SEtroctread
only needs to be over the S& W BAREFIred@s Hedipah reThesrathen canpar at or
150 conduct®"tHe ster dfpar iBensefvot festagasn deEib@.aﬁi‘i'é'\hQLMﬁ&@éj ehi near
pdSi ti on seybsdatat s1hald dnidl OhdTREE B LQed hfathP%imdQ?e rea and i nterpol at ed
linear pasd.thon Legi stration jnforpmtion, Upon a natch Th &t 8p° P53, thene
conparator provi des the wrte STSBIE $P gifacdeh Yhendimgrt posihtomat a
f or mat t er*®§4E GO0 AEra(HarRens POTH:GBEE0S 0 ¥89 estatpBe 0 0 simchrad3c DU i NY a
read operciiarastert e 19hOHL$SsitSonl Fadidkrd h&{.. .0 e_Wwite operation.
However, A BetdltS:CASCor the £onmpar atéqu,l S%OEr%/ﬁadté’gé‘%"hg%ea&H %‘ﬁ’a?ﬁl ‘E"ts"i'gnal
qg, |ine §9.to the data for natter BACARR)i LEYHaseperatien riegdc erdabbteersi gnal
~ can be i sSdedErEH £Pe RreFycIdeddvimrer misitimn tragieirak BOS daba ROSH tnan,
- since théededesd fervwattan batdesncapabhies@fssbdembifyingot eﬁf%ﬂq’et data set
Code Wr deblead@tidDaaed Gkl & nrgqqxqirg fransferri n‘%t dafta fromihB°HedPa to
the data %g{zf_e .o Jhus, an earfier target PP hokTRS dARgREy AR §B8 in step
134. 10 Those of*S#PFi®An the art can envision other methods of |
i mpl ementing step 134. The provided read enable signal on line 59 or wite
@sabl e Si gnal ragrdrone, 28 ssgrted when the end of a wap is
reached apg; t hg, ts%Fe.lodi rie%%irgﬁl%g\%e?ge % or §h’é?‘?rap8%irt\}8“eqel“61fatéf?eeeds a
wite stop tHhreshord. rs i naldEetrtappotateshehadatinedropomittion 54 then, in
response "t THetiConfrte sorraTae Qirovilgh @akhedY, rbSoRic@Bn 0cnd RiLiAt es a read
oper at i opositian Wi £ 3RPSAH HONESAL gp,tﬁégnchroni zing the readi ng and/ or
witing of data sets on the recording di a. once the synchroni zati on has
g?en achi evedk_ 20 the process cycles back to step 100. FIGS. 13 and 14
Tl ustrate an®teaR{% tofFiGfe Berndl 1data arndrédnengied chbigeead and
i nt er pol teatiomesatie pashdican 1:8@hstsall . i on provided by the logic
120 of Fieakf) #nag8nLal, interface I§56. &:86511 'IEE%P%%E%O%FEEEL@G PEereRgrdegaL | D
bit discussed above. The VAT D*2HfS: i AaF CAt_sSigRals tiyem|treotwraseom
transf er PEAFHE AHehdeqpded ormate decdibreepr esente ,ans LAEBMRkUSRLUS, AN
i nterpol eid off RUAECAIBAlsigaM DG sUSG1 18w H) s B, Ritglllerefore 1ndicates
shat theylnforimLiqnis [ NVALID' and cector 102 and

should an error occur in one of the servo tracks
or should an error occur in reading one of the servo tracks, a

registration and synchron;zation system will switch from the error servo
track to the other servo track.



30 a "1" bit indicates the information is "VALID' as indicated in step 123

of FIG 12. Next, the LPOS value read by the detector 1@ is transmtted in

- word 191, and then the interpolation count is provided in word |192. The
read and. VB33t ed |inear position rePi stration i nfor matRCIGEM®/01§99

‘preferably updated and resent over-serial*interface 56 at, eacheggfgjgﬁaiz
count of the interpolator. Alternatively, the LPOSis sent as r a 903
frame, and the interpolation clock sent at each half frame, which is
counted at the HAEXTPHréatecter 340t cimgbvey the, mBherpe! @ld ggncbog%tenggsé f he

. . . . . . L nd

regi stratior datoCEBEhOBRVOVENRE G859 H%;é%@ gqual to the 49 '

i nt er pol atg’e%od%%}:g@c%g Thg i nt erpol at1 on y Be Fe%%z_t' t OB Fndtonigg thayD
00/ 72323 PCI/ GB gYy T4t3 Fagpeary 25308 esasitp| @mpatsinbea heghatiingdg Augshe
synchr oni 7t FofPERAr hctepeatéd phérprosr eeasdeidnk| NGAT « NS bl Qi Lggi stration
datsa, and omibkiddsuge Cattihg thauging Be %gngrrggil ation character: “I¢ iMsure

. accur acy, t‘rrggsiﬂtog%polA%tgiion cgunt may be preset 1o gGBote eatri #§ t he end
‘of the synchronization 5 cHAPALY ertaflcdettdreing vhlle synidurong 2aki ON

“char act er SSFfACtFel oo dinel modulheedrp¥é ety ady QEM@{,&,&%&?U@ L8 r2. The

~ addi ti onaBaba teonpbhdmy oML S 3¢ QYSREGT; bit i ndicating thed > ration
unsuccessky med'engg_i r}goof the | i near position rgeléf‘gi‘}aét?-%ﬁtda% #aby ideteechor

10,102, wi thout T ndica i P eShing S5FP 1dAdnay. CENREST |denk cthinky hidp1gadd Ng t he

- diPect i ontEARFitéoRmpEoMPLising f o1 uadeREPENbE D61 BRE LG gﬁu read both
physi cal Iyriﬁiwaas;d;,andtmgn‘_gﬂ"le%gtm%lé)smar ds, . Those of “ski 55 °t Hi# &Pt hray
-envi si on giher 'h&ph)e nt ations of data COMTARPTAFFRFing 2tee #uk may be
formatter 54. ‘Thus. Yt he255r 85 efiti 1t nifeibe @atprovi des the identification of
the point on the recording nedia at which the data transfer ended, and
registers and synehesrizes dhe-pedi ayghd the. data sets so as to resume the
des a transfRhaud tahggé requi1in aﬂ i Hggr]érr%?ﬁ 'éefr%?lgS&%ﬁ’;F’r 1o dolstes283,
PCT/ GB00L101899 3 0 0°C T 20175 EL MMVBE FIGA Herhokinkor2y, eghsteati ayiantko

" synchr oni Fi%g® daPETRe thi toke &' o' e croranhiing "mmhxapv-saiisdw{ﬁcggdé,%g Efe%' a having a

" prerecor dBeps222,0thatdighil %cgkx@rrg&ggg%nglgeodiéaag S subj ct o to continui ng
novenent thehr,gégﬂg%lglo%ggégr; w{gti ng sai d data ser& rSSnERt rWpEH 189, st oppi ng
at the end of_.a selected data S®t**TBACKSFAM ERi ity awidchestiamntidGrosigar i Si Ng
the stepSi8P3L H5FPIRF 361 e @6nt hanimp gthepwemRNto thes@hqrrg%%gi 49, gedi a while
B9 reading and/or witing data sets on said recording nedia, con |"Ffuously
readi ng and i ntgegp I l.ipear position registration data nodul ated into
sai d pr er,,ﬁgor ded. sgr:\%%L‘E%T Fé?ﬁccﬁﬁ ERiS8°R d¢or diNRY- e WALSDprigyti ge deeagdo and

i nt er pol at et T9AEE "PBEIR' ofn retgstasat aowilnfier eBglagRed Or Said data sets;

The linear position generation logic detector and interpolator then

conti i i
ntinue to read and.lnterpolate the linear position registration data
repeating steps 103, 107 and 111. l

25 |

Referring to FIGS. 10 and 12, detector 102 and interpolator 106

continuously read and interpolate the linear pPosition registration data
modulated into the pPrerecorded servo pattern on the'reéording ﬁedia and
supply the read and interpolated position information to logic 120 ’
logic 120 provides the position information, -
"VALID/INVALID" bit

- hereinafrer,

30

The
together with a

» and additional information to be described

to a data formatter 5S4 over the linear interface s6

. | As will
be explained, bPreferably, the position information is updated at ea

. ch
increased count of interpolator 106. )

As discussed above, the data formatter 54 employs the

' "Code
Pair Header ID" Word

for each data set from the data channel ss and builds a

4
0 table 57 of the most recent Code Word Pair Header ID'

S vs. LPOS. When a



15 upon said stopping, back hitching and restarting said novenent of said
. recording nedia, providing selected said read and interpolated |inear
position reehassiasion information; again reading and interpolating said
prerecorded |inear position 20 registratign data; conparing R/EBEYHBY r ead
and .interpol ated linear position registration information to Sagillﬁj&vfl 3&8
read and interpolated |linear position registration information, 3
i ndi cat i ngagL£eapadd .¢hs_.and 2S synchronizing, in response to said
conpari sonwlgrlathch.}zn i gg%‘lggg%?rasegfaterdéaﬂi’%ﬁ HHdP ot fRft i iy thattabsets . .on said
recordi ng nmedia. > 2.5 Phe3Rkst hodudt. Chesrvritemhae eildesaighepy eeens dgg, Li near
posi ti on 3Blteaghsivedli o dabdusesa RHEYEC LI 9D LAl Leeash%go aral el servo
- patterns, aidepbey %inna‘ggitgecoqgtj nu% sl'y readi ng and | nt erpol B f’h’d’gsfﬁ‘?) and
said agai n reading and 1 nterporatid g step are conducted with respect to one
of Said parallel servo patterns, and conprising the additional steps of: 35
-.detecting errorss ithesaéshleprtheNWesty 16820109 interpolating step with
respect to8ahss qr,lletggrt%?glwseg s) attg?‘%&aﬁgqgﬁo%“ e?eecc?ﬁto‘?ﬁg‘(if Seh i r or
swi t chi ng sai d.continuously readifig Enl* FhitBf plecations afic sankkragai n
readi ng arfd “FRTEIIBRER i9%§S st Eps numbemn of hirtaoke th0wBdied pPadiak! BlcaSSLYO are
patterns. latWBDQ728%BEE aeRMYAL 898n - 112l el 0 Gel 2003, 3. The method of
Cledm 2, wherein said prerecorded servo patterns }c'orrprleseFaH%'nes of groups
of repeated pairs of transitions, and wherein said error detecting step
conpri ses i dentifyi Hy RPHftEspmprbedigntt aoft pangilti on whi@Mredidlpai rs of
transitioddenGifierThet it hada WerEl BioM 2+ WAET.CL i rvo patterns
‘conpri se fregims a0l o0 YRS, 2, §Reat ed cf_gih%/g?ols‘ lttQIr‘pZo?llsalgfc?gﬁg?a REs iR
modul at ed ,pr er.ecor ded 1i near poditi 8fi TEGressarbe. dble debametsesyabsi ngl e
bit of rrullgiab'i’tflleﬁrﬂi fultifeval "rdsPaiiroleatiztrardm ieacdlubi a8 A palushHeoyps of
réfeat ed PAERE£EOs ofhet rani@i kh:aN a1 NG IMRBN QlLSAl L ELL or dgtecting step
conpri seswbgetak £ViRE 58 ggdetse g&do?itgwinn one of sai d groﬁ‘ﬁst?)‘r“‘ paP?s of
transitiops, 8. T(Fe met hod  of Jaimr, 3% A" thegdater get patit &ysns conpri se
frames 15 _%? afiE% (T&t PhFOGFRARIST FCCr ez ay e dvhpak nyObe tehaddddt QNS o pRL, Sai d
nmodul at ed®preeaceddiddteriressd BOSidob® w891 Sirhatd a.conprises_a single
bit of muiidivisks!enghlidicBal.PEs] tion data | néedggﬁ'%n%a?ﬁm%%‘fe FBpEat ed
paprs of Hﬁ@sé_@lsi ons, and wherern sdi comt'i Motk Featiimgl aghnt of the
i nterpol at| ng nd Sai WishatH=r eoftsi PerdaReis veerypakedn ngThd GRSa GRRPI SE |
readi ng stF2BierImEY bilsol brgiseidiaals PO hoibI8h ARG, GOYNL NG, each hal f
frame saithdjcate whkchepeal QﬂtQasjertSidé)fa L agrgn%il ions, begl nni ng 1}arorﬁ’“f he first
bit of saiyl | gictoylgi nlgl posi tion data, 1o Int&FPol &8RS |infermationition
registration data. 25 6°  1HE fEteABtPCoFhTioprnedt lograrion nEce-ah dnSes Vapgealif er Ns
conpri se TI4R8% 1§ 18| afdenat Eraprgnoups i Ding epestiactedahish b 1dA08{1) 05,
wher ei n sdi dhavdukat e praj.esar Qeflralgingll?arw RS Li chliurﬁ i stration data
conpri ses1@ gyncheeni zation char act er ol.lhoweci by~ 16Nty CulFHARE pRsiaRi on
data, each bit of said SYncA?ofP24tiPofrX kaferesioned waiud. | ongi t udi nal
position data 30 conprising a single bit in each frane of said repeated

pairs of transitei bhssarapskishe ehforsal £,£901 i NUoysly teading and
i nt er pol atihbgr ¥ad; Sald agai . eading and”i nter %?eastYi ny cgh’é'gk 1Zomitese
rj%adi|1g sai.d i n-reéglstration dati read from the bprerxecorded servo pattexn

) and ‘the interpolated position information in column 177.

. . Additionally,
status information may be included in column 178,

seat which, for example,
indicates the direction of the servo track, whether the servo data is
valid, etc, |

35 As discussed above, the linear position of a plurality of data sets
may be latched in table 57. The tape controller may thus back hitch,
restart, and begin the data transfer after the most recently latched data
set, such as data set 180, or may instead begin the data transfer at one

: of the prior data sets, such as data set 182. Thus, the tape controller

4

identifies the selected data set to the data formatter 54, which provides



synchroni zati on character and said | ongitudinal position data and counting
each half frame said group of repeated pairs of transitions, beginning 35
fromthe flv{ﬁ%h bit of said synchronization character, to interpolate said
linear posY?8U'%&yistration data. 7. The.,cnet hod of O ai m 1PCH&HR08/0E8%8 ai d
data sets are separated by data set separators, and wherein saigo -
synchroni zing step conprises 40 synchroni zing said readi ng and/%r vOCtTl 2803
at said dat&esgg Separ at or 22 3 0 0 CT 2003 inmmedi ately follow ng the
data set at Sai & matchetr FPHEERd PddrRT desieifins infadmepiatattacn .table Tére soet hod
of d ai m 1,thgheelksicthed adatar exor di ng nedi a conpri ses magnetic tape, and
wherein said servo patterns conprise frames of alternating groups of 4 and
of 5. repeated pairs of. non-parallel magnetic transitions, each bit of

sai d modul at ed prefElOPIeEE | Rt e pBding Bedisenhy theastanpeddatid chomgr i si ng at
| east one sifeftddepain sobpsabd NMEYERS icont{midtk hdisn | b ifudY, SRGH sGF QUDS
in each frase, and yMehel 1.4 continyousl| eadi ng and i nterpolating and
sai d again reading and tigﬁ':beyrsa% aqt?%gé&g?%lﬁsxé NPT T sEr I ESR| FHF1eai RPN £8 of
sai d nodul &-&8° plrpgr%‘ldorlaéd FFﬁe’efPPB?ﬁﬁ PRYPer 8wé Jtor ab i ionedatpiandic euat daig
each hal f frransfegroup ckmsandy niadut adondi iRl €59 deduddeAeQROSI tion
c.registrati aReda@idHy N t id |linear position registration data. 9.
A dgta set re istra%yonkgigggintcﬁ?%%nﬁrzgﬁ' O SYRERTT oFbUS| Shgi TatHienal :
recordi ng MRAFEhAYINRGEATIPer dvagr Be drewewndo apdttemomed \firbr heHecaorwl ng . medi a
is mounted on a drive which. subjects said recording nedia to continuing

movenent for readinig j L ata sets on said recording nedia, o
 fad QE_—a%Eeé 1-gn'?r)iaqsofdl n%e%réxf"é%‘%’e&hﬁaﬁe?r‘%’étg; media) WEE e back

i_nterruptegblglst‘(_éflng at t _ _ _

hi t chi ng anact &4F e S&FeF dERFRTHESus Tvvenidnstel 19ai thaieansdichgt nadi a,
sai d dri vechatdinngus neetao hsy Hteppédr *readi mggi&ahgloprigrggéy q;g, ?g;;g%n jattern
on 1sai d r eaREHeROrHE Ak Bye laSLNg: detectar coupled to said servo
system for ;I eadi nﬂ[ -grerecggtr}}e%{jﬂd?%%glgr &E)eoglaf}f SHEF F&iheoh- deifa "WoUulthe ed
into said Servo pat t&ri-BReE £ MAtHrRiTsgseRdisach s Eerg mewiediznt and ' sai d
recor di ng- wekfladingn Ch¢ erpod=at ohud eycidd 8aEOlat gﬂ%, sgbd prerecorded |inear

. position registration data; said detector and said interpol ator providing

| i near position EQQ% tration information for said data sets; |ogic coupled
to said drive, to $a7d dBFTESE, vidddrrmeathe Fard opotsiter ppeesponsiam tie
saifll dri veP%s6ppiimyentimkwiiilt ahlmg thadresesitalbhi £ bsaid theNtd LR SRV ENENt
for provi dbygosediaeti g 58l As agl. | l.ated said |inear position
registratigy, ggtorsreraffn%ré; a (Ez'g?rlgré:’?l 3?3‘#9”%5%81%8&%"0°%g%°d’ yathdesPect Fosais
interpol ator, and to sard I'SGFE,“FeRHdnsitd 1 Bhe girdveidzveceedsrares nge sai d
cont i nuousTFOYEHEnTPedia snitd theorodiens mpeid tof ST1GOMPAKERE agaLdn kead and

i nt er pol atJextehrarn@aalign\/\&&(}/aﬁa3%3d2v3it|RCIé“£‘éQt~toC%e 2803 position
regsstration information to said provided read and i nterpoﬁ ated |inear
position registration information, and indicating a conparison match; and 5
a data format t efecBEAcEad trsadaind GorRrRPBAEY, 11 RSRO0PGI ¢ ok Oreg@ifrQBRAr | SON
mat ch i ndiigdbroatiof Ordes YA E 06 2hBGLIRAI £, rgadi N9 QL writing data sets

(57, is

. . . 1es
on said regatding;sedi a, 19  The system of Caim wher 8 13af o
. ’ h.dgte 134, 3 !
prerecorded |inear osition: the logic 120. As an example, the data

ormatter 54 provides the selected read and interpolated linear position

.30 registration informgtion to a data channel system 55, which indicates the
completion of the back hitch and restart process and provides the selected
read and interpolated linear,position registration information to the
logic 120.

35

. In addition, the interpolation count allows an unreadable LPOS to be
identified, and the LPOS that should be at that location is substituted

for the unreadable LPOS by extrapolation. For example, if the current

LPOS is X(N), where X is the value read from the tape, the LPOS X (N)+1 is

substituted upon reaching a full interpolation count if the tape is moving



10 registration data is prerecorded on at |least two parallel servo
_ patterns, additionally conprising: a switch coupled to said servo system
and to said detector for providing said prerecorded |inear position
regi stratiW® @aer3fromeither 15 one of said two parallel seiMocBRioi®ENS tO
sai d detector, and for switching between 5aid prerecorded |inear position
registration data fromsaid two parallel servo patterns; and arB?‘U{BI% 3
detector coupled to said servo systemand to said switch 20 for detecCti %D
errors in $aithepfovadedipeet RGO shednki NRAT xPESkt | jstratipn data with
respect toms@idl nenparALlel Servg pattern, ma)nd t%%rlfsg%%%%telgohp&f’e artP&r¥%or
operating said swtch to sw t¢h*To 8not her of said paral l el servo patterns.
25 11. The systemof O aim 10, said prerecorded servo patterns conprise
frames of groupShofietsreat &b Pad lihefpd1aedsitc00S,,and, Wherein said error
det ect or i dgnbakef i@Se a Ji g\ﬁa rlg70£ndext% trans?otsi %%ltné %’etség{’s S0t A8 12,
The system of. Claim 10, Wwherei n Sal &P Fo  PATPRIAtE Ersmpresecdndadssnafx of
groups of FEPEAPLIeHALratim datmsi ti ons, and sai d nodul ated prerecorded
| i near position registration data conprises a single bit of multibit .
| ongi t udi nal pogit| d LN ch_frame of said groups of repeated pairs.
of transiti onsogg%gol\?ﬁegéﬁqﬁ dgsa?tg’eeﬁa&“ 8L AP rintaErrliatpd sl inear urdét ot ed
bi t Oi n oné GfSEHtioYy rBEpTasiopdior 8 eimpRraSi L5ONSThe W@Rpeedtcsai geLer. 35
1319 The sysienrapafd=aiche hgahefe@lNamflii e S s_conprise frames of
al't er nat i ng,:QLAUNS, §f, [ePeated, Rairs, of ?ﬁ%gﬁ?g%g%%aﬁ%* Sard” odttater
prerecorded |inear position regrstiat PBR ‘PALPLBhpe ildesan poisagian bit of
mul tibit I'SHIFPTA Mar=pomiktion daedong esachefs asendimasah d vwepeat edePakss -
40 of tr arfdiet ponsss apdlahenet toSatdbsdel £Gari J-£ads, sat 4. nul ti.%i t N
I ongi t udi naka 1000112323 %%Ti/sgBe(l)%/ 01899 2 %1‘{72 gépoc'%(:{:ﬁ!E f(f@“o” SEPEF gAaimt a,
ang, sai d i,gt.erpol at.or “counts; CachH MAPT *1PAMRE 08 WiFhdtY ¢ seeratad pairs
of transitions, “BedARtITELf HOeRE RosiFien dfi theokesatddng GigiibUghN@he POSI ti ON
data, to iAlesyssldate sei tabimenrrusbd) GRd, tHLObSdLALEON gl 2, 5. 14. The
syst em of cEhpds& mab@{ei n said servo patterns conprise franes ore:
alternating groups of repeated pairs of transitions, wherein said nodul ated
prerecorded |inear position registration data conprises a synchroni zation
~character foll dfctebsxdmpheidfudteral 1poidal osp.,dagﬁngegmilggtogeqaggonsahge
syadchr oni aatd @Raclaar e &N ' i.tudi nal position data conprising. a
single bityi rhaggcgﬂnt‘%gﬁe of gg%ﬁé Sg%)ce}%?)lgdvepré:’lufsda%f’ tFaRertsoteblasd sther ei n
said detector reads said ¥YyAChITHFRHEY Ghe chrsined eppemt poshd diangidsudi nal
position Bat'Eicandosa duisrseipolvatos dpewstonedsdn bad fufitang said. group of
© repeat ed patarsupdeat r amshtd Qeglo“:lggb@gtgnjng&agomitsh{aniftiigst bit of said
synchr oni g@ééhogorﬁt]ggeadctg%é to interpol ate sai d?ri i'Rear posTt G TEgPa®r ati on
dg%a_. 15. . The systerm of- CPET P8 GhEVEFST 85 4Psuas & sevslanage seqaeat ed by
dafa set S¥PAPRIGFEStEANER Whétkithestrmedabrosl pirmbt e dsYHed @R €5 SBkS.
‘readi ng 297 anthomsewd ki fgmab2 SalideslatasSel,. ton Lnpediatel vy follow ng
the data s&tneaingail BI.Ched, ! i pear, ROSI "E%lI gﬁgﬁl’glb?s‘?arlgterg% &§Fa‘?‘%’?“d

ve 12 restarts the tape and accelerates

the tape to the recording velocity, and acquires the track following servo

signal to establish the transverse positioning of the head. The servo

30 system 52 determines when the servo parameters of velocity and track
following position are within the control tolerances to enable the data
set registration process. As an example, the servo heéd only needs to be
over the servo band to read the LPOS. Then the compafator 150 conducts the

N comparison of the again read and interpolated linear position registration

information to the provided read and interpolated linear position
registration information.

Upon a match in step 153, the comparator provides the write enable

signal on line 58 to the data formatter 54.
40



16. The systemof Caim9, wherein said recording nedia conprises nmagnetic¢
~tape, and wherein said servo patterns conprise frames of 25 alternating
groups of 4 and of 5 repeated pairs of non-parallel nagnetic transitions,
each bit oYV&M33Bodul at ed prerecorded linear position regi SECHEBN0IE a
conprising at |east one shifted pair of sard magnetic transitio in_one of
said groups in each frane, and wherein said detector. reads sai«gsﬂ)iGBToQUUS
sai d nodul ated prerecorded |inear position registration 30 data,. and said
i nter pol at or colMFEPRdchepd dPeratimm, gtiouproafess ala similidratedeHak e5268E Agd ce

| i near poskpéoitibagi HowaléoHN idatid @abdt ef o S [, .position

regi strati _gﬁ }gﬂfﬁi 14 A irlr_ax%ng%i C tg e md?gbﬂ%%agg* Slrsgr g%vrlggﬁ the read .

i nterpol atabi & 11 near. 35 posi tf ord gi%attfa’ﬁ!?}ﬂt%t 41 nPEARBIoNakLY, etios deddi n
magnet i ¢ f PRAOYS iERaL 6AN e vespat segmistideftilni Ng adtadeast ORecdQRgi Loyl nal
Serso trackesiAsn| | SHinkde: tige RYL add Qf . al terpati.ng, groups of
burst patt gg@as,sega& 40 %{oug havi%]né.tggltrt, é{ ﬁgf ;garfﬁtb:rtﬁr%e? e‘btflr‘l'g’c’% &hs ttarget
repeated pairs o B8 7539%° Beti ¥s0eF CReJRednStAng £ &GN @BB3from the
non- par al | B¢diPagacttiec dhtapbuffack obs 0WhNGrsSEy @atdedNSbbsd ga&m% hSA%k Oone
of which tsenSint 5€¥3s 105, each pair is continuously longitudinally variable
-across the width of said track, at least two of said transitions of. said
regeated pairs of a group in each frame shifted longitudinally with 5
reshect to. ot hBprossf ofaitililr mgitkei ans cefi eagi sl dhep@Ri-ere RRidsSos ga%pe,,@m:%;ged
transitionscepoupti sitag pRAuLbad edahi H8ake FI;QE{;H Qn {:¢Qi sfration data and "
each said gr ?M% gnorlgri sgan%ﬁi r%erpol ation i|nformation. 1 A¥riifes etic
tape nedia of O & mi7,>% RS feasferredrmpen faet erhst 10 wrenpis seadhednasd of
al t er nat i riiegrarp slisecticundeoirsbdr epeabed apadrivs &frok ! @itleldt Wi NG 351 d
nodul at ed dHxeeRs10Si tion registration data shifted transitions in a ‘group
copgrises ‘a single bit of nultibit |ongitudinal position data in each -of
- said frames of said groups of repeated pairs of transitions. 15 19. The
- magnetic tape ntliddsessEdaibnve?, tioorpra Songatted J4088dt, UdhNadepsfie/ @0t f1ACKS,
each conprdospagi soaceidied iARONRLbE, filhUXedr i) ervo _patterns having
identical (s3id aq:lpggéno?;tei ng, gr oups_ of [%%eg{bzdg%%ﬁfge%fa trrg3 SPEFHE & ifng

i dentical said nodul aced 1 néaf%‘ifg"f’f‘fﬁﬁgr%i £¢34py ApdZordenisinmod data
i denti cal ®§5F ™1 fPerirscading medinr nateonhe 29nclei smgent his bage JRELGRLOT
i m 17, thhepeicess atyd1eB bkt €8 depeifo. position registration data _
information additionally conprises - -a synchronization character followed by
| ongi tudi nal position data. 25 21. The magnetic tape nedia of C aim 20,
wherein sai d | gi§ft Udi A8E Yosltvvwatate eomple SEStinOBeE P ARt Gne CAMARYI al
informati of thy redd adt intedpeDgdida 0fn&ai gggxggg}etrggigcqggig@gkgdmggionzz. The
magneti ¢ bapeidsadh @ @ N v~ ei.,n each said franme of sal
~alfernati %e groups}aof febﬁlr%%%{toef\rl\gg 'C(:)Lrgrpornl §%’§1a§a’r’&eirﬁ?%“r P6t at i on

i nformation. .AAy. Af Fe. AF{. A3?. A5. A. AY.A3. A . A .A3.Al.A .AYY.A{.AA

% A@ A(. Af. AR ARe f¥sy. Wit APACQKs the "VALID" bit discussed above. The "VALID*"
bit indicates that the information transferred to the data formatter 54
represents an LPOS value plus an interpolation count that can be used. A
"0" “"VALID" bit therefore indicates that the information is "INVALID"' and

30 a "1" bit indicates the information is "VALID"

FIG. 12. Next,

as indicated in step 123 of
the LPOS value read by the detector 102 is transmitted in
word 191, and then the interpolation count is providad in word 192,

_ The ;ead and_interpolated linear position registration information
35 is preferably updated and resent over serial interface 56 at each change

in count of the interpolator. Alternatively, the LPOS is sent as read at
each frame, and the interpolation clock sent at each half frame, which is
counted at the data formatter 54 to give the interpolation count. Thus,
the registration information provides a resolution equal to the

40 interpolation distance. The interpolation may be reset to zero, for
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said prerecorded servo pattern on said recording media to provide read and

interpolated linear position registration information for said data sets;

15 upon said stopping, back hitching and restarting said movement of
said recording media, providing selected said read and interpolated linear

position registration information; i

again reading and interpolating said prerecorded linear position
20 registration data; ‘ '

comparing said again read and interpolated linear position
registration information to said provided read and interpolated linear

position registration information, and indicating a comparison match; and

25
synchronizing, in response to said comparison match indication, said

reading and/or writing data sets on said recording media.
2. The method of Claim 1, wherein said prerecorded linear position

30 registration data is prerecorded on at least two parallel servo patterns,
and wherein said continuously réading and interpolating step and said
again reading and interpolating step are conducted with respect to cne of
said parallel servo patterns, and comprising the additional éteps of:

s detecting errors in said continuously reading and interpolating step

with respect to said one parallel servo pattern; and

upon detection of an error, switching said continuously reading and
interpolating and said again reading and interpolating steps to another of
40 said parallel servo patterns.
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%% of transitions, and wherein said error detecting step comprises

identifying an undetected bit in one of said groups of pairs of

transitions.
S. The method of Claim 1, wherein said servo patterns comprise frames
15 of alternating groups of repeated pairs of ‘transitions, and said modulated

prerecorded linear position registration data comprises a single bit of
multibi; longitudinal position data in each frame of said repeated pairs
of transitions, and wherein said continuously reading and interpolating
and said again reading and interpolating steps comprise reading said

20 multibit longitudinal position data and counting each half frame said
group of repeated pairs of transitions, beginhing from the first bit of
said longitudinal position data, to interpolate said linear position

registration data.

25 6. The method of Claim 1, wherein said servo patterns comprise frames
of alternating groups of repeated pairs of transitions, wherein said
modulated prerecorded linearlposition reéistration data comprises a
synchronization character followed by longitudinal position data, each bit
of said synchronization character and said longitudinal position data

30 comprising a single bit in each frame of said repeated pairs of
transitions, and wherein said continuously :eéding and interpolating and
said again reading and interpolating steps comprise reading said
synchronization character and said longitudinal position data and counting
each half frame said group of repeated pairs of transitions, beginning

35 from the first bit of said synchronization character, to interpolate said

linear position registration data.

7. The method of Claim 1, wherein said data sets are separated by data
set separators, and wherein said synchronizing step comprises

40 - synchronizing said reading and/or writing at said data set separator
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prerecorded linear position registration data and counting each half frame

group of said modulated prerecorded lineax positxon registration data to

interpolate said linear position reglstretlon data.

9. A data set registration and synchronization syastem for a

longitudinal recording media having’a prerecorded ‘seéxvo pattern, which

recording media is mounted on a drive which subjects said recordiqg media

to continuing movement for reading and/or writing data sets on-said

recording media, interrupted by stopping at the end of a selected deta

set, said drive back hitching and restarting said continuous movement of
- said recording media, said drive having a servo'syétem for reading said

prerecorded servo pattern on said recording media, comprising:

~ a detector coupled to said sexvo system for reading prerecorded
linear position registration data modulated into said servo pattern on

said recording media, during movement of said recording wedia;

_ an 1nterpolator for :mterpolatlng said prerecorded linear poution
registration data, sald detector and said mterpolator providing linear
position reglstration information for said data sets;

logic coupled to said drive, to said detector, and to said
interpolator, responsive to said drive stopping, back'hitching and
restarting said continuing movement, for providing selected said read and

interpolated said linear position registration information;

a comparator coupled to said detector, to said interpolatey, and to
said logic, responsive to said drive restai:ting_ sald continuous movement

of said recording media, for comparing again read and interpolated linear
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10. The system of Claim 9, wherein said prerecorded linear pesition
10 registration data is pPrerecorded on at least two parallel servo patterns,

additionally comprising:

a switch coupled to said servo system and to said detector for
prov1d1ng said prerecorded linear pOSltlon registration data from either
.15 one of said two parallel servo patterns to said detector, and for
| switching between said prerecorded linear position registration data from

said two parallel servo patterns; and

an error detector coupled to said servo system and to sa1d switch
20 for detecting errors in said provided prerecorded linear position
reglstratlon data with respect to said one parallel servo pattern, and
upon detection of an error, operating said switch to sw1tch to another of

said parallel servo patterns.

25 11. The system of Claim 10, said prerecorded servo patterns comprise
frames of groups of repeated pairs of transitions, and wherein said error

detector identifies a missing or extra transition to detect said error.

‘12, The system of Claim 10, wherein said servo patterns comprise frames
30 of groups of repeated pairs of transitions, and said modulated prerecorded
linear position registration data'comprises a single bit of multibit
longitudinal position data in each f¥ame of said groups of repeated pairs
of transitions,'and wherein said error detector identifies an undetected
bit in one of said groups of pairs of transitions to detect said error.
35
13. The system of Claim 9, wherein said servo patterns comprise frames
of alternating groups of repeated @airs of transitions, and said modulated
prerecorded linear position registration data comprises a single bit of
multibit longltudlnal position data in each frame of said repeated palrs

40  of transitions, and wherein said detector reads said multibit longitudinal
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14. The system of Claim 9, wherein said servo patterns comprise.frames
of alternating groups of.repeated pairs of transitions, wherein said
modulated prerecorded linear position registraticn data comprises a
synchronization character followed by longitudinal position data, each bit

10 . of said synchronization character and said longitudinal position data
comprising a single bit in each frame of said repeated pairs of
transitions, and wherein said dete€ctor reads said synchronization
character and said longitudinal position data, ahd said interpolator
counts each half frame said group of repeated palrs of transitions,

is J beginning from the flrst bit of sald synchronlzatlon character, to

interpolate said linear p051t10n registration data.

15. The system of Claim 9, wherein said data sets are separated by data
set separators, and wherein said data formatter synchronizes said reading
20 and/or writing at said data set separator 1mmed1ate1y follow1ng the data

set at said matched linear position registration data.

16. The system of Claim 9, wherein said recording media comprises
magnetic tape, and wherein said servo patterns comprise frames of

25 alternating Qrogps of 4 and of 5.repeated pairs of non-parallel magnetic
transitions, each bit of said modulated prerecorded linear position
registration data comprising at least one shifted pair of said magnetic
transitions in one of said groups in each frame, and wherein said detector
reads said bits of said modulated prerecorded linear position fegis_t:ration

30 data,  and said interpolator counts each half frame group of said modulated
prerecorded linear position registration data to 1nterpolate said linear

position registration data.

17. A magnetic tape media having prerecorded interpolatable linéar
35 pPosition registration data information recorded in magnetic flux
transition servo patterns defining at least one longitudinal servo track,

comprising:

a plurality of frames of alternating .g&:oups of burst patterns, each

40 group having alternating riumbers of at least two repeated pairs of
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i8. The magnetic tape media of Claim 17, wherein said servo patterns

10 comprise frames of alternating groups of 4 and of 5 repeated palrs of
transitions, and said modulated linear position registration data shifted.
transitions in a group comprises.a single bit of multlblt longitudinal
position data in each of said frames of said groups of repeated pairs of
transitions.

15 -' .

' 19. The magnetic tape media of Claim 17, comprising two longitudinal
servo tracks, each comprising recorded magnetic flux transition servo
patterns having identical said alternating groups of repeated palrs of
transitions having 1dent1cal -said modulated linear position registration '

20 : data, and identical said 1nterpolatlon 1nformation

20. The magnetic tape media of Claim 17, wherein said modulated linear
position registration data information additionally comprises a
synchronization character followed by longitudinal position data.

. .25 ' '
21. The magnetic tape media of Claim 20, whereln said longltudlnal
position data comprises non- repeatlng sequential information for the

entire length of said magnetic tape media.

30 22, The magnetic tape media of .Claim 17, wherein each said frame of said

alternative groups of burst patterns comprises said interpoliation
information.



