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PCT/ | B96/ 01287 Positioning of a head relative to a plurality of
tracks. The invention relates to an apparat us
for positioning a head relative to a plurality of tracks running
parallel to eag‘NOB't"HéF’ in their longitudinal direction on a r B66ARP6/01287

carrier, first and second tracks of said plurality of tracks having first
and second tracking signals recorded in them third and fourth tracks

of said plurali of t acks havi n ird and 5 fourth tracking signals
recorded in tf?éﬁﬁ%"%%" B%?Fé'?lﬁg"ec r?ﬂ{]ﬁ‘@“ﬂfd’? -means for reading the
first, second, third and fourth tracking S|gnals fromsaid first,

second, third and fourth tracks respectively, - control signal
generator neans for generating a first control signal in response to the
first and second tracking signhals read fromthe record carrier and for
generating a second control 10 signal in response to the third and fourth
tracking signals read fromthe record carrier, - positioning neans for
noving the head in a direction transverse to said |ongitudina

direction, the positioning neans haV|ng an input for receiving said first
and second control Thesinyensios relates fogn ammtngfqrrposmeang a headgelgtivesio a 0 sai d

ok oo SRCHERET e SBE Brtl oer qed BAplO kT
respectivel y, camieg firstcand decond agaeksroftsaid plurality of tracks hgviag first fund seréridomracking nal
on sai d Tecor gignals recorded in them, third and fourth tracks of said plurality of tracks having third and
5 fourth tracking signals recorded in them, the apparatus comprising
- means for reading the first, second, third and fourth tracking signals from said first,
second, third and fourth tracks respectively,
- control signal generator means for generating a first control signal in response to the first
‘and second tracking signals read from the record carrier and for generating a second: control
10 signal in response to the third and fourth tracking signals read from the record carrier,
- positioning means for moving the head in a direction transverse to said longitudinal
direction, the positioning means having an input for receiving said first and second control
signals and for moving the head in response to said first and second control signals, in such a
way in said transverse direction that the head is positioned onto a fifth and sixth track
15 respectively, to a recording apparatus foxf recording an information signal on said record
carrier and to a reproducing apparatus for reproducing an information signal from said

record carrier.

20 An apparatus as defined in the opening paragraph is known from USP
4,318,141, document D1 in the list of related documents given at the end of this
specification, and is applied in a recording apparatus for recording an information signal in
the fifth and sixth tracks on the record carrier, or in a reproducing apparatus for reproducing

_ the information signal from the fifth and sixth tracks on the record carrier.

25 Tracking signals are prerecorded deeply in tracks lying parallel to each other on
the record carrier. In a later recording step, an information signal is recorded in the fifth
track which lies half over the first track and half over the second track. When the fifth track
has been completely filled with information and the head has reached one end of the said



carrier and to a reproduci ng apparatus for reproducing an information
'signal from said record carrier. 20 An apparatus as
defined in the opening paragraph is known from USP 4,318, 141, docunent
D1 in the list of related docunents given at the end of this

speci ficati on,wastkiess applied in a recordi ng apparatus for r eegfifYdsdthsn

I nformation signal in the fifth and sixth tracks on the record
carrier, or in a reproducing apparatus for greproducing the information
signal fromthe fifth and sixth tracks on the record carrier. 25

Tracking si gniakg :ﬁéﬁaarlesmweahrd@m:berluacm rsasHss thy sitth PRk Ibd @b rdcordaipCot
ot her on t he record. carrie a |l ate recordln an i.nformation

t
signal is redefprmagiopin %s‘f‘?hf‘ﬁ?{‘ The' sixth tragk i '@Pf‘?"ieé 5 e&ﬁ*eﬂ"dthﬁ‘é OpET %

track and halghurViedck! Re ScR6MGack A fthe mﬁaém bé tHe shﬁxa@ack so thad ¥fe fAREN

corrpl etely filled with information and the he has reached one end_of the
sai d and sixth tragk) ate/josated, directly adjacent to each other on the record carrier. In a later

PCT/ | B96/ 04 2 on s the information signal can be read from the fifth and sixth tracks, b
track, the hggpﬁs svme' over to %not her track, such as thet?lxt h?track

for the recorPQSlhgﬂnﬁﬂlChﬁdﬁ)mﬁé#ﬁﬁhﬂ%ﬂ*th@&ksd sixth track. The sixth track
lies half over the third track and half over the fourth track. The

second track and the third track may be the sanme track, so that the fifth
and sixth track are |ocated directly adjacent to each other on the record

carrier. In a later jal e ?ﬁg
read fromthe fifth an {sﬁlvx tra‘ﬁ &Pgaﬁﬂﬁp&)&s%l?{eg%‘ gfbtnﬁlgqﬁgirﬁ‘ on sald
fifth andl@i xapparatusiinkaccordance with the invention is characterized in that

the apparatus further comprises
- position detection means for detecting the position of the head in said transverse direction,
having an output for supplying a first and a second position signal when the head is
positioned onto said fifth and sixth track respectively,
15 - memory means for storing said first and second position signals,
that in a calibration mode of operation, the control signal generator means are adapted to
generate the first control signal in response to said first and second tracking signals so as to
position the head onto said fifth track, the memory means are adapted to store the first
position signal generated by said position detection means, the control signal generator means
20 are further adapted to subsequently generate the second ‘control signal in response to said
third and fourth tracking signals so as to position the head onto said sixth track, the memory
means being adapted to subsequently store the second position signal generated by said
position detection means.
The invention is based on the following recognition. Switching over of the head
25 from one track (such as the fifth track) to another track (such as the sixth track) means that
the head needs to be repositioned in the direction transverse to the tracks. Especially in the
situation where the fifth and the sixth-track are .not adjacent to each-other, the head has to
cross one or more tracks in a coarse repositioning step before it reaches the sixth track.
Next, after being positioned coarsely on the sixth track, the third and fourth tracking signals
30 recorded in the third and fourth tracks can be detected so that, in a fine repositioning step
following the coarse repositioning step, the head can be positioned on the sixth track using
the second control signal generated from the read out third and fourth tracking signals. In
prior art head positioning apparatuses, the repositioning of the head may require a relatively
long time interval before the head is finally positioned on the sixth track.



The invention ains at providing an inproved head positioning apparatus. The
10 apparatus in accordance with the invention is characterized in that

t he apparatus further conprises - position detection neans for
detecting the position of the head in said transverse direction,

havi ng an out putY@¥212dppl ying a first and a second position sPERERSHIRAEH
the head is positioned onto said fifth and sixth track respectively,
15 - menory neans for storing said first an® second position signals,

that in a calibration node of operation, the control signal generator neans
are adapted to gendr sacerdahes Wikl the inventionoin & ¢alihmation mode opopesasionothgai d
first and second.i:.rackd | . : b L . aid
Fifeh track. ¢ AESHERC O aRh SRF 3 rart Qpiemined 30 splifeh 1B CSREBIAIE, 67
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so-as to poshHtishah triek. head onto said sixth track, the nmenory nmeans
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s {hat - Uatfen b beShaihed R RemBeron. Sue PEE R e SoRtioty of all the
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the third and
fourth tracks cypamgallyontrolling &hs Rositipn o ﬁequi’f?éwléﬁ’é’é‘glu?eoﬁcﬁﬁgs"(gég’ but also
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appar at uses 15 t R¢heh @iROleall iPpositionéd oritd @ spirit iRk, require a rel atively
“long time interval before the head is finally positioned on the sixth

track.

These and other aspects of the invention will be apparent from and further
elucidated with reference to the embodiments described in the foliowing figure description, in

20 which
figure 1 shows an embodiment of the record carrier provided with tracking
signals,
figure 2 shows schematically the record carrier over its total length,
figure 3 shows an example of the tracking signals as recorded in the tracks,
25 figure 4 shows an example of a recording apparatus comprising an embodiment
of the positioning apparatus,

figure 5 shows the record carrier having information tracks recorded on it,
figure 6 shows another embodiment of the apparatus in accordance with the
invention, and
30 figure 7 shows an embodiment of the signal combining unit in the apparatus of
the figures 4 and 6.

Figure 1 shows an embodiment of a record carrier 2. Cnly a part of the record
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In accordance with the invention, in a calibration node of operation, the

positions of the fifth and sixth tracks are determ ned and position signal
correspondi ngwom721213 t hose positions are stored in the nmenopgrassgosat 1N

the coarse repositioning step, the position signals stored in the
menory can be used to quickly and accuratelgy position the head on the 5
si xth track. One coul d detect the positions of only two
tracks, such cafrief eshbwhR. Ohltife r8EH carrier 2] r@&KK T, Ty, Wi T, aN, 4r8pedserat THe tracks

signal is (or will be) recqrded. The positions of interngediate tracks
can then be JWt B ‘%Sﬁcﬁ a'leﬁi%?'%l'%ﬁbﬁ'.‘éé‘fe‘f“ﬁé' &ﬂé‘r"‘}r{’gﬂa signgls1 BasPeEN ons
of all the recordelas ife trddk M) AlseéonditRCRIREBighA3, Rdsditdh récorde@lin WelthaclT). A

recorded can bhe detected jin thg 10 caljbration node and the correspondi ng
position si grifirdtragkingsignal,s;has beraFeearded in the track T;. An n-th tracking sigpal s g

during recer didaeded’in ERAFRAYCt i on can be inproved by dynam cal | y
controlling the position of 'the head not only usi ng) t he tracking signal,

but al so usi ng aThe Fackingfigsalsiam sgnalyeforlatively low EPquencyn sompered torhe he
di fference b?ﬁ@ﬁfﬁ@@tﬁ&mﬁ@'@f {héGnformation $RARCHA ill R Telordedahbesn Mk

position sign supplied by the position detection neans 15 en the head
i s posi ti onedawigr-oAsthe Seeguenpy. of thg dracking signals is relatively low, thoser trackingzsignalstwillr
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descri pti éf, informmgionisignal will not result in an erasing ¢f thetrackingssignats. he tratking signals inf

Filaure 2 shodeb SERIRAANE ffks oy habd BRIERA0 frequencidd, 3AGkeably. howeyer, e tacking

figure 3 showignals haveche samey yeand dtacking sigopininsneighbouringrichcks have ajdéfferent

;ngfz : u§5co I%:?sle.s Ir\ar?ée g)ﬁcig%igg P{ﬁé;r?%esﬂﬂ%né%ﬁﬁmc%hné sigh19 b hdjsbent tracks
is 180°.

15 “The tracks are shown, lying side-by-side, without a guard band between the
tracks. A guard band may however be present between the tracks. The guard band may be so
broad that the data tracks comprising the recorded information signal fit in between two
neighbouring tracks comprising tracking signals.

Figure 2 shows the record carrier 2 again, now schematically over its total

20 length. The start end of the record carrier 2 is indicated by BOT (beginning-of-tape) and the
final end is indicated by EOT (end-of-tape). A lead-in portion and a lead-out portion are
shown, being the portions between the start end (BOT) of the record carrier and the line 1,
and the final end (EOT) of the record carrier and the line 1, respectively. A data area for
recording the information signal is available between the lead-in portion and the iead-out

25 portion of the record carrier 2.

Figure 3 shows an example of the tracking signals S;, S, and S5 as recorded in
the data area portion between the lines 1, and |, of the tracks T,, T, and T; respectively.
Figure 3 shows a tracking signal in the track T, in the form of a sinusoid having a specific
frequency and wavelength L. The duty cycle of the sinusoid is 1/2, as usual for a normal

30 sinusoid. The duty cycle may however be different from 1/2.

Figure 3 further shows the tracking signal S, in the form of a sinusoid having a
specific frequency and wavelength, which are in this example equal to the frequency and the
wavelength respectively of the tracking signal S,. The tracking signal S, differs from the
tracking signal S,, in that its phase differs by 180° from the phase of the tracking signal S;.



of the positioning apparatus, figure 5 shows the record

carrier having information tracks recorded on it, . figure
6 shows anot her enbodi nent of the apparatus in accordance with the

i nvention, and 30 figure 7 shows an enbodi nent of the signal
conbi ni ng uni W@ A/HNRB appar at us of the figures 4 and 6. PCTAB96/01287
Figure 1 shows an enbodi nent of a record carrier 2. Only a part of the
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carrier is shonther @ardshibe tiaeldngisignal S; differs inpplasitysfrom dhe trackingesignpl S, . Fxgure 3
T[err], T[er f @@ﬁ.&l I n
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record carrier 1. A track T, is recorded exactly on the boundary line between two adjacent
tracks of tracking signals, such as the tracks T, and T,. A track T, is recorded exactly on
the boundary line between two adjacent tracks T, and T, of tracking signals. A track T, is
recorded exactly on the boundary line between two adjacent tracks T,_; and T, of tracking
15 signals. The apparatus of figure 4 has an input terminal 30 for receiving the information
signal. The input terminal is coupled to an input of a formatter unit 32, which converts the
information signal into a format suitable for recording on the record carrier 1. An output of
the formatter unit 32 is coupled to a write unit 33 comprising a write/read head 34. The
formatted information signal is supplied to the write/read head 34 and recorded in one of the
20 tracks T,, T, ... T, on the record carrier 1. The record carrier as shown in figure 4 is
supposed to be transported in a direction perpendicular to the plane of the drawing. The
record carrier 1 is shown in figure 4 over only part of its width.
' The head 34 is further adapted to read the tracking signals recorded in the
tracks T and T,. The tracking signals are supplied to a filter unit 36, which has a bandpass
25 filter characteristic with a centre frequency equal to the specific frequency of the tracking
signals. As the frequency of the tracking signals is low relative to the frequency content of
the formatted information signal, it'is possible to read the tracking signals from two adjacent
tracks, such as T, and T,, while writing the formatted information signal into the track T,.
A generator unit 38 is present for generating a control signal in response to the
30 tracking signals read by the head 34. This control signal is supplied to an input 50 of a
control signal combining unit 52. An output 54 of the combining unit 52 is coupled to a
terminal b of a switch SW, which has a terminal ¢ coupled to an input of aﬁ actuator unit 40.
The actuator unit 40 actuates a movable mounting 42 on which the head 34 is mounted. The
movable mounting can have any form. One preferred embodiment of a mounting is described



signal s have the sane frequency and tracking signals in neighbouring tracks
have a different phase. More specifically, the phase difference

bet ween the tracking signals of adjacent tracks is 180[err]. 15

The tracks are shown, |ying side-by-side, w thout a guard band between the
tracks. A guakfp @misizmay however be present between the tracksy gbhgiagrard

band may be so broad that the data tracks conprising the recorded
information signal fit in between two §ei ghbouring tracks conprising
tracking signals. Figure 2 shows the record carrier 2
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circuit 56 changes. As a result, the output signal of the oscillator circuit 56 has thus a
relation to the position of the head 34, viewed in the transverse direction of the tracks.

The output 58 of the osciltator circuit 56 is coupled to an input of a memory 60
as well as to an input of a difference circuit 62. An output of the memory 60 is coupled to
the terminal a of the switch SW, and the output of the difference circuit 62 is coupied to a
20 second input 64 of the combining unit 52,

First, the positioning of the head 34 onto a track, based on the tracking signals
alone, will be explained. That means that the switch SW is assumed to be in its position b-c
and that the control loop via the oscillator circuit 56 and the difference circuit 62 is inactive.
When the head 34 is located exactly half way on the tracks T, and T,, tracking
25 signals of equal amplitude but opposite phase are read from the tracks T, and T,. As a
result, a substantially zero amplitude signal is supplied by the filter 36 to the generator unit
38. The generator unit 38 supplies a control signal to the actuator unit 40 in response to the
signal applied by the filter 36. In the situation described above, where the head is positioned
exactly half way on the two tracks T, and T, no repositioning of the head 34 is required. If
30 the head is positioned for a larger part on the track T, the tracking signal read from the
track T, will have a larger amplitude than the signal read from the track T,. This means that
a non-zero amplitude signal will be supplied by the filter 36 to the generator unit 38. The
generator unit 38 now generates a control signal for the actuator unit 40, such that the head
34 is moved in a specific direction towards a position leading to an decrease in amplitude of



5 . In other words: the tracking signal S2 differs in polarity fromthe
tracking signal S[err]. Figure 3 al so shows the tracking signal S3 in
the formof a sinusoid having a specific frequency and wavel engt h,
which are in this exanple also equal to the frequency and the wavel ength
respectively ofWOR#2Riacki ng signal S[err]. The tracking si gnZCTaB6@IP er s
fromthe tracking signal 5 S2, in that its phase differs by 180 fromthe

phase of the tracking signal S[err]. In othefl words: t he tracking
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adjacent  héjaclifones OF theafacis P to] T, 203 bé [s@Fdd]in thinkMRo I ihisreitbation, the
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err]. e . A
generat or uffl t MeMON;6Q,hastarpee;lpran F a'PP%atéL@b“‘%r“oll Pasitipn signals fordbe Brlse t o
‘the 30 tracki Beundhsk3detweert @it thickd Ppw™ad 34. This control signal is
supplied to an input 50 of a t si gnal caonbi ni n% uni t 52.

__control ] An
output 54 of the combi rifJotier realizationsof the, ealibmtio mode, the head 34 is positioned on the
boundaries between the tracks T, and T, and between the tracks T, and T, only, so that the

position signals corresponding to those boundaries are stored in the memory 60. In an

25 interpolation step, the position signals can be calculated from the two position signals of the
outermost tracks T, and T, by means of an interpolation algorithm and stored in the memory
60 as well. Or, the position signal for an intermediate track, such as the track Ty, is
calculated in real time, if a positioning on said track is required for positioning the head onto
said track.

30 Next, the recording mode of operation will be described. An information signal
to be recorded, which may be a data signal, is supplied to the input terminal 30. The
formatter unit 32 converts the information signal into signal biocks comprising portions of
the information signal. Generally, the formatter unit further comprises a channel encoder,
well known in the art, for channel encoding the information signal. Subsequent signal blocks



terminal b of a switch SW which has a terminal c coupled to an input of an

actuator unit 40. The actuator unit 40 actuates a novabl e nounting 42
on which the head 34 is nounted. The novabl e nmounti ng can have any
form One preferred enbodi nent of a nounting is described WO
97/ 21213 WO 97121213 PCT/IB96/01287
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in EP patent application no.. 95202926. 2, gocunment D2 of the list of related
docunents, filed recently in the nane of applicant, but not yet

publ i shed. \§feifgrottion afecthiis suppPliell t5ftheDféad B4 and recordPin he sl T]. STHeGRfEIISWEd
to be incorporated %refe[ence | resent applicatio

th | .
The recor di AYSYHHsS HEQ,Us posiAN, té‘%sﬂéc'?}%s 181 n""ﬁg?'@gf rbY4 e?‘!ﬁ“ Hednthe vy Fhe
S5 posi tion RfjainbE attRetandani dutput Siphd G hedponkd ANAYRREKIAE siphis is'gRAdated bpat

iS: in the direction given by the arrow 46. The position detector 44
has el ongat dhengangrator 38 agd spppligd (0?%5 APy plcthe combiping apit 3. Fusther, the pesition; ¢ e,

which is &i Qiodhy; f?@en@ : ' :

menber 485i %igg%).lsllstg_ | nlggq’i iril'gidi_e t.he¥%‘§2§g§9g@%“g%%‘ﬁxgﬁ%%ﬁpﬁgﬁ?ﬁ#gé“ 49.
‘The two t er rPosiiorsignal at gegulan me Aastantsand calquatey e differncel betyeemeash dime|twopor
circuit 56. ' t ' ke i | : X iquﬁlg y whi ch
i's dependentSI%?ssﬁg%hﬁu@{ugﬁ%gﬁ’\? ﬁg&oﬁéﬂig@ trfsﬁl(l:l%lgzng h% zg‘n‘; gﬁ&guppl i es
an out put siwgvich isproportional tosaid diferonce 4 thedrnpus 64 of theicombiningt ditsuit 52qThency of

h o 4 . ; ;
transver se. (ST ciftd 32 chplties P Sphprd 3 it poEF 2k Bnd e iRl 0,
further 19t eircuit 62 andigenerates atcontrol| signhk asntsohtput 54, whidhrislisuppliedbfo the @ctuator 40.

i nd 49. o : i1

| ndustance 43 AS 2 GHORRGHEREF roniFIoB Ghieh By e LEBAFRKaPlG biiFwpSe! | | at or

15 circuit 56 changés. su Irgnal o e osclllator
circuit 56 Hiiffererncnsircuit 62, is present irvordertotsiabilize thetdootnol charatteristic aof tigactuatorwed

o7 the Sren TR AdbIRR (Pl IEsSRRRn gy th o gen g RO Bk 52
wel | as to aignalnipuatrelafively shidef frequescy band, dor con@Bllingthecastutor 405 As heesoiéhory 60
I's coupl %j tsgtisfactory suppression of external vibrations can be realized.

When switching over to another track, the switch SW is switched into its
position a-c, so that a coarse control of the head towards the position onto the new track can
be realized. As soon as the new track has been reached, the control loop i$ restored by
changing the switch position of the switch SW from the position a-c to the position b-c, so

20 that a fine control can be realized to position the head exactly on the track.

‘When recording the information signal in the track T,, the record carrier is
transported by the motor transport unit 44. A detector unit 42 is present to detect the end of
a track, so that the switching over towards another track can be triggered.

After having recorded the information signal in the track T,, and having

25 reached the end of the track T,, the detector unit 42 generates a control signal, which is
supplied to the motor transport unit 44 as well as to the central processing unit (not shown).
In response to this detection, the head 34 is positioned on the boundary line between the
tracks T, and T, so that a track T, combrising the recorded information signal, see figure 5,
can be recorded on the record carrier. The record carrier is now transported in opposite

30 direction compared to the direction of transport when recording the information signal in the
track T,.

Upon reaching the other end of the record carrier, the motor transport unit 44

will either stop the transport of the record carrier, or reverse the transport direction of the
record carrier 1. In the latter case, the head 34 will be positioned on another track. As an



the termnal a of the swwtch SW and the output of the difference circuit
62 is coupled to a 20 second input 64 of the conbining unit 52.

First, the positioning of the head 34 onto a track, based on the tracking
signal s alone, will be explained. That neans that the switch SWis
assuned to be i WON212dsition b-c and that the control | PSg/IpE12e
oscillator circuit 56 and the difference circuit 62 is inactive.

When the head 34 is |located exactly half way%on the tracks T[err] and
T[err], tracking 25 signals of equal anplitude but opposite phase are read

from t he trackexanpis; afterhaying[reqorded thesinformation signal, jn the srack B tththbeag|3ys zer o
anpl i tude si gnghet i i hekvdeh ' 1ei

38. The genera?é)srﬁ%ﬁ?tueglg bg,g?)p |rés a con?ﬁeo?&g% ?a'g{i@;rg,e%%ﬁfenﬁgﬁagg?' 6%051?1?%1“840
i n _response t othelrecorded information sigpall seecfigupe 5heanfbe|reaorded®n theyrecord catrieat i on
descri bed above, where : | 4 ol :

two tracks T[err] and #&ﬁﬁaﬁﬁﬁgéégﬁﬁ f%ﬂ?%gm%%betﬁéa%gﬁn%l%g%qﬁpﬁ ?
| f .30 the Ifeatrireprpdicingianrinformasion sighalrthasrhap bean recordedein ttheatgacks Tgta T, ont the

K, ™, AnahSrih TG of S L e Mol ofeh e
non-zero anpl i Yefdmmattegumd toweddnvertthe wharneksigral read droin the secoRbcarnert iyemeans of the
gener o1 U1 ot 105 ol 08 i Ml SRRLSTA LRSS BuR s,
speci fic di r echbove withweferkaceatopthes recomdingl appathtng is fallp thedame dasthe repradupibg t ude
ngT/ | B96/ 011?873 sig %‘mzs.l %?nén carrying out the calibration mode, position signals are stored ix) the
the signal appmemgryb§0. (Wieenfswittking S¢ertfioni the reproductibroof iaformation from one track to
S 2 S o e o L RSPy e Ao L s
anpl i t ude t hanrépfsduétiopinddel thedwiteIDSW i placédinkitsTdogitibh b-c, so thall RicSseRRIBSpstdpat
SO O 2ok BRSO b o5k B 5l Rak T 5010 1
for the actisator unit Figure 6 shows another embodiment of the positioning apparatus incorporated in
a recording and/or reproducing apparatus. The apparatus shown in figure 6 sﬁows a large
resemblance with the apparatus of figure 4. The position control loops in figure 6 are slightly
different from the ones shown in figure 4. The switch SW is now located between the
generator unit 38 and the signal combining unit 52 and has its terminal b coupled to the
20 output of the generator unit 38 and its terminal ¢ coupled to the input 50 of the signal
combining unit 52. Further, an additional comparator unit 70 is present, having a first input
coupied to the output of the memory unit 60, a second input coupled to the output 58 of the
oscillator circuit and an output coupled to the a-terminal of the switch SW.

In the calibration mode of operation, the switch SW is in its position b-c, so

25 that the positions of the tracks T, to T, can be determined and the corresponding position
signals stored in the memory 60. The velocity control loop via the oscillator circuit 56 and
the difference circuit 62 may be active for stability reasons, as explained previously. In the
normal operation mode, during recording andfor reproduction, the switch SW is also in its
switch position b-c. During switching over from one track to another, thé switch SW is in its

30 position a-c, so as to coarsely position the head on the new track.

The signal combining unit may have various circuit constructions. One such
circuit construction is shown in figure 7. The circuit comprises an adder unit 75 and an
integrating unit 77. The inputs 50 and 64 are both coupled to corresponding inputs of the
adder unit 75. Further, the input 50 is coupled to the adder unit 75 via the integrator umit 77,



40, such that the head 34 is noved in the other direction towards a

position 1eading to an decrease in anplitude of the signal applied by
the filter 36 to the generator 38. : Next, the calibration
node of operation of the apparatus will be descri bed. Upon activating

the calibratiwoomries such as in the situation where a recorgtragégoigs 'S 10
inserted into the apparatus, the motor (not shown) for transporting the
record carrier is switched into its ng nal transport speed to
transport the record carrier past the head 34, and the head 34 is

noved W th a syl fooeaiZ2RVEIBopoitiondl ifte gram%w@mﬁ,ﬁ direction fromone edge of
the record carrier 1 to the other edge central é’?rocesm ng unit (not
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of information are thus supplied to the head 34 and recorded in the track
Tlerr]. The switch SW is switched into its position b-c. Tracking
signal s are gen®P8¥dtby the filter 36, in the way as ex PCRiBssg1zaDov e,

and an output signal in response to those tracking signals is generated by
the generator 38 and supplied to the input 3 of the combining unit 52.
Further, the positign 5 signal is supplied to the difference circuit 62.
The di ff er enceRelpted dPUmMENSsanpl es val ues of the position signal at
regular tine instants and cal cul ates the difference between each tine two
successi ve sanpl e values of the position signal. The circuit 62 supplies an
output- si gnal ®D  whi SR 43FMortional to said difference to the input 64
of the conbi ni @sp)ci 1 Cuip f22. apblC no. 952085281 @Hw:fsiog,gﬁﬁlné%&m.efs the

out put signals of the generator 38 and the differen circurt 62 and

generates aSco@¥ol si FRpat-appint 90.AMBIN28 B4(PHM 1 S 513) sfilingdare 0RILL.95 t he
actuat or 40. bt t hven by the
(thfi)t 56 aEP CPatt.hagpln. I@%glﬁ? eb.4 @gﬁ\i i5.§ ’tﬁ@k, Az?e%.llg.by

oscillator cir n ren circu I's présent in
order to stabi@5e theEPqpatenbapphh 0028320319240 (PHN 15.563)act uat or 40. The
addi tional control |oop uses the position detector 44 to generate a

vel ocity control signal in arelatively wide frequency band, for
controlling the actuator 40. As a result, a 15 satisfactory suppression of
external vibrations can be realized. When swi tchi ng over
to another track, the switch SWis switched into its position a-c, so
that a coarse control of the head towards the position onto the new track
can be realized. As soon as the new track has been reached, the
control loop is restored by changing the switch position of the switch

SWfromthe position a-c to the position b-c, so 20 that a fine control
can be realized to position the head exactly on the track.
When recording the information signal in the track T[err], the record

carrier is transported by the notor transport unit 44. A detector unit
42 is present to detect the end of a track, so that the sw tching over
towards another track can be triggered. After having

recorded the information signal in the track T[err], and having 25 reached
the end of the track T[err], the detector unit 42 generates a control
signal, which is



supplied to the notor transport unit 44 as well as to the cﬁmmmllmmwu““l
processing unit (not shown). In response to this detec

34 is positioned on the boundary |ine between the trackd T2 and "3}

that a track Tb conprising the recorded information signal, see figure 5,

can be recordegioemikise record carrier. The record carrier isp&wg%,ms-,
transported in opposite 30 direction conpared to the direction of

transport when recording the information siggnal in the track T[err].
Upon reaching the other end of the record carrier, the notor transport unit
44 wll €l atMs: stop the transport of the record carrier, or reverse
the transport direction of the record carrier 1. In the latter case,
the head 34 will be positioned on another track. As an WO
97/ 21213

PCT/ 1 B96/ 01287 ' 9
exanpl e, after having recorded the information signal in the track Tb, the
head 34 is positioned on the boundary |ine- between the tracks T3 and
T4, so that a track T[err] canprising the recorded information signal,

see figure 5,1.can be ASERSRWE ST HSARING & 863 FElay? Jock plurality of tracks running paralisle
circuit di agr.gr&&.f othdr 3 iirofigitbdibdire2or it 4] réoerdsaﬁiérl Hrs h:?d? d2tFacks of

appar at us reproduci ng an i nformation sig een recorded

i n the trackssaif] pumlitytof tragks haying firstrand second mlmhrmd@ in |them, dbigd &fd a
ni T tor ecortoSEF kg B pER pRER) BEuRRR REAN Bi AR EhrEriuing g LABIBI IE
of the 5 ribem, th 4apmﬂsacq!min§a of t he or [ gl nal information signal. The
;LSSFQPESC?2t¥ y the sé%@g or ¥R fepr u0|ng %%ﬁﬂ%%ﬁagﬂfﬁgfg#ﬁﬁ&{dlng
carryi ng out setandcthirdiandfouth m&eresmuvqu,on signals are stored in the
T o oS AL R e e SR YL e 2R OB BT,
in its positiand second mhnglggnalsgr&d from the record .carrier and for generating a second control
10 signal in response to the third and fourth tracking signals read from the record carrier,
- positioning means for moving the head in a direction transverse to said longitudinal
direction, the positioning means having an input for receiving said first and second control
signals and for moving the head in response to said first and second control signals, in such a
way in said transverse direction that the head is positioned onto a fifth and sixth track
15 respectively,
characterized in that the apparatus further comprises
- position detection means for detecting the position of the head in said transverse direction,
having an output for supplying a first and a second position signal when the head is
positioned onto said fifth and sixth track respectively, -
20 - memory means for storing said first and second position signals,
that in a calibration mode of operation, the control signat geherator means are adapted to
-generate the first control signal in response-to said first and second. tracking signals so as to
position the head onto said fifth track, the memory means are adapted to store the first
position signal generated by said position detection means, the control signal generator means
25 are further adapted to subsequently generate the second control signal in response to said
third and fourth tracking signals so as to position the head onto said sixth track, the memory
means being adapted to subsequently store the second position signal generated by. said
position detection means.
2. Apparatus as claimed in claim 1, characterized in that in said calibration mode



reproductron node, the switch SWis pl acﬁw" mllmuﬂﬂfuﬂlmn b-c, so that two
servo | oops are present fro reali zi g of the head onto
a track to be read. 15 Fi gure 6 'shdws *an0Ot her enbodi ment of
t he positioning apparatus incorporated in a recordi ng and/ or

reproduci ng app@PHIAE The apparatus shown in figure 6 shows PETABAGHERS7
resenbl ance with the apparatus of figure 4. The position control loops in
figure 6 are slightly different from tiBe ones shown in figure 4. The
switch SWis now | ocated between the generator unit 38 and the signal
conbi ni ng uni of GiRratiov, Gesoitral sigaal iBeregatohmeang j3fecadapted tohgeng@te B thindcontenl signal

generator uni {n rggm urt¢1fa’ J!xﬁrsmﬂp% fng s‘%&d‘f?o:ﬁ Q%e&eﬂ&%dgug el@éshtﬁ BgexS! gnal

conbi ni ng uni an a nmpar ator unit pr esen.t ,
havi ng a fi r stespeafively, so as t@pqqnmdhq hcadrmtmnxpmttrack. thé) memomnp means finthes deing

second i nput . . . 4 ] | | ' an
out put coupl eg‘%@h?‘ﬂé‘%—{ g’?‘%ﬁ%ﬁ%‘r‘é’?‘hg&s"% CW ‘s‘{ﬂ/‘% ﬁzoh dBtebHon'théah %efﬁgt h
cal i brati o nhed mf,osnmecabrhtorsaxdmnﬁr tnm'kt ch SWis in its position b-c, so 25
that the positions of fhe tra err edt rmned and the
corr espondi ngg ‘positio tt" §r§éﬂ' C&ﬁ’"@ a’?ﬁﬁgé"zﬁﬁ f‘?o&’ oaﬁty
control | oop present for dericing/ intsaid oahbrmuntm&di of rogeration, atthmd ﬂosiﬂanr@nefmiath
62 may be actjve for . .stabi n S expl a Vi ou ..l n.th

nor mal oper at I¥ipg betwegn Lmﬁ%@gﬁ% ﬁﬁmgﬁﬁlf éfo h}ﬁefg&f@ .‘8‘%?"3 Pﬁ%“%’%’?ﬁ B
i's al so in itfheans of istevpblatioposi tion b-c. During swtchi ng over from one
track to other, the switch ts .30 Sj

coarsely psition the w&&%ﬁs\té\f?@“#e'ﬁ/c{'?ﬁék harkeicized ST md e i mcmo”l’h@‘%qsd%al
combi ni ng uni idapRy 1 Ko yﬁrmpwpoﬁncrncmgﬁa[ const ructions. One such

circuit constguction is shown | ‘g&' circuit. conprises.a aﬂ‘der
unit 75 and a i fARPgTRLs;as ’"7‘7”“?}? ing Slaimy C&ﬁ"ﬁf’é’% 3

coupl ed to copr£mpé 6l dj@ration whereQhe hdad is sthch&ﬂﬂ'@lh audck o Enotlr_dirdablarthc néRory

i nput 50 is cou Ied wﬂe .addF unit.75. via the int egrat&) ol

WO 97/ 21213 m p to supply the ‘position signal corresponding to -said another track to the

PCT/ | B96/ Oj528gositioning means in order to coarsely position the head onto said another track. 10

6. Apparatus as claimed in claim 5, characterized in that, the control signal
generator means are adapted to switch over to a generation of a control signal in response to
tracking signals as soon as tracking signals are available after the switching over to said
another track.

20 7. Apparatus as ciaimed in anyone of the preceding claims, characterized in that
the control signal generator means are adapted to generate a control signal in response to
tracking signals and in response to a difference signal, said difference signal having a
relationship with the difference between two subsequent sample values of the position signal
supplied by the position detection means when the head is positioned onto a track.

25 8. Recording and/or reproducing apparatus for recording and/or reproducing an
information signal on/from a record carrier, comprising the head positioning apparatus as
claimed in anyone of the preceding claims.
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- control signal generator neans for generating a first control signal in
response to the first and second tracking signals read fromthe record
carrier and for generating a second control 10 signal in response to the
third and fourth tracking signals read fromthe record carrier,

positioni ng nowme7faRN3 noving the head in a direction transvei’@'éfﬂtf'é’“ls?&?d

| ongi t udi nal direction, the positioning neans having an input for
receiving said first and second control signals and for noving the
head in response to said first and second:béatrol signals, in such a

way in said transverse direction that the head is pgsitioned onto a fifth
and sixth track 15 respectLverT characterizedlin that the apparatus

further conprises 4 PO |t|oanetect|on deans fdr detectdng t he
position of the head ingsaid : Hr-e out put
for A SUpp| yl ng a f% a \\\\\\\‘L\\\\\\\\\\\ ea I'S
positioned onto sai h ;P“F“NWNNNNFNV‘Mﬁﬁﬁﬁc rvely, ~—ITgmory means
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cali bration node of ope ation i SSPErE 0 pans are
adapted to gener at pe—s+ = e to said first
and second tracking sigl aI so as to gnto said fifth
track, the nenory neaM@l adapt ed tlo store the fiTt bosition signa
generated by said posFW‘ Fetectlon means, the control signal generator
means 25 are further apt dto subI@quentIy generate the sg¢cond control
signal in response to rgnals so as to
position the head onto sal } s being

adapted to subsequent | Jpstere_t
position detection neans.

1, characterized in that iAisal
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of operation, the control signal generator neans are ad e
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(54) Title: POSITIONING OF A HEAD RELATIVE TO A PLURALITY OF TRACKS

(57) Abstract 3
An apparatus is disclosed -t

for positioning a head (34) rel- TTER

34
4

ative to a plurality of tracks
(T, Tn) running parallel to each
other in their longitudinal di-
rection on a record carrier (1).
- First and second tracks (T, T2)
have first and second tracking
signals (S, S2) of specific fre-
quencies recorded in them and
third and fourth tracks (Tn-1, Ta)
have third and fourth tracking
signals {Sp.1, Sn) of specific fre-
quencies recorded in them. The
apparatus comprises a head (34)
for reading the tracking signals,
contro} signal generator means
"] (36, 38) for generating a first
control signal in response to the
first and second tracking signals
(S1, S2) and for generating a sec-
ond control signal in response
to the third and fourth tracking
signals (Sn-1, Sn). A position-
ing unit (40, 42) for moving the . . .
head (34) in a direction transverse to said longitudinal direction, has an input for receiving said first and second contr‘ol signals and for
moving the head in response to said first and second control signals, 5o as to position the head (34) onto a fifth and sl_xth track (Ta, T2)
respectively. A position detection unit (48, 49, 56) for detecting the position of the head (34) in said transverse direction, has an output
(S8) for supplying a first and a sccond position signal when the head (34) is positioned onto said fifth and sixth track (Ta, Tz) 1:e.spect.1ve1y.
In a calibration mode of operation the position of the fifth and sixth tracks are located and the generated first and second position signals
are stored in a memory (60).
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