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*166166* Control system driving system and control nethod, apparatus

i ncl udi ng thﬁumm mwmm m tem The invention relates to a control sy<St{08%
defined in t rt of Caim1l. The invention al
driving systemi rgdiedi ng the ‘control system The invention fm@“ﬂﬂwﬂ “Tl ” t es

to an apparatus for storing and/or reproducing 5 informatio

apparatus includes the driving system The invention further

met hod of controlling a notor, as defined in the opening part oflééai m 8

10 Such a cont Cohtrotsyster, drivirigwsysiem sydcantrpl methad, appesatasinicivding do chnwmglsymm
from WD 97/23873. In the driving systemdescribed therein the first and

t he second position signal are each generated by a Hall sensor.
Furthernore, an inverted position signal is derived from each of the
position signals. By neans of the two position signals and one of the
inverted signhals a status generator generates a status signal, which is
applied to a multiplexer. The 15 multiplexer also receives the two position
signals and the two inverted position signals. Depending on the status
signal the nultiplexer t¥hgARveERNAN TBiates if 2 ol sygiemias defedno thejopening pagt of
position signalg;hq.its output. The signal thus obtained on the output of
the nmultiplexer Is sawooth-shaped. The reference neans are adapted to
conpensate for abrupt chEdessniien alsegelaiss tqrdnvingpysiemahcludiag thelcontpdl system.by a

correspondi ng var al i on il il ARG RSO boacl fr sBfind B LEIBRe |

uni formdrive of the notor an o
cont rol sys$eminfarmition,iwigchsapparates 1rmludcﬂsthhdmivmgmysam appar atus for storing

and/ or re producing information he es erei npbefore.in.
whi ch such a conpensati gﬁ’e ’%VCH%?"O{PE% 13%&0 %QQ%CPB" ?ﬁaewgmfﬁlsggrgﬁﬁ&t,
the control sysicpenihfpartlof Glaifpg.system and the apparatus is characterized

as defined in Claim 1. In order to achieve said object, the nethod is
characterized as defined in Caim8. 17/01/2003 2

10 Such a control method, driving system, apparatus and method are known from
WO 97/23873. In the driving system described therein the first and the second position signal
are each generated by a Hall sensor, Furthermore, an inverted position signal is derived from
each of the position signals. By means of the two position signals and one of the inverted
signals a status generator generates a status signal, which is applied to a multiplexer. The

15  multiplexer also receives the two position signals and the two inverted position signals.
Depending on the status signal the multiplexer transfers one of the inverted or non-inverted
position signals to 1ts output. The signal thus obtained on the output of the multiplexer is
sawtooth-shaped. The reference means are adapted to compensate for abrupt changes in the
output signal of the multiplexer by a corresponding variation of the reference signal. This

20  results in a uniform drive of the motor.

It is an object of the invention to provide a control system, a driving system, a
method and an apparatus for storing and/or re producing information of the types defined
25  hereinbefore in which such a compensation is not required.
In order to achieve this object, the control system, the driving system and the
apparatus is characterized as defined in Claim 1. i
In order to achieve said object, the method is characterized as defined in
Claim 8.



In accordance with the invention the position signals are used at the sane
time in order to calculate the error signal. This makes it possible to
calcul ate an error signal which, regardless of the instantaneous vall($3/28¢3
the position, is always a nonotonic function of the difference between the
i nst ant aneous val ue and the desired value of the position. As a result of 5
this, conpensation of the reference signal is not necessary. These and

ot her aspects of the invention will be descgibed in nore detail with
reference to the drawings. In the drawings: 10 Fig. 1 diagrammatically
shows a driving syst erlp argogdange Wit thednvention Hie |ppsitiofosignaly areused iatghesame time
generaling MeaRe o Ehilact RN ol AlieRkf: fosBRtelio liclThan GrorSlgfRiuitd, L O
4D show si gnal S appearing 1 n the“error signal®generating neans o Ié‘l"g. 2,
15 Fig. 5 shoegardiespaf the ofstafriageou? valaedf the gositfors isawgays aunoriotdnar funation ofithe dat a
ont o and/ or

readin ata froma data carrier. . Fig. | shows ..

i agr ammat |  ATEPrEC Mo o* BRlaPafRA vaRE e eee? yalyg B¢ Bosiion- Ase st o6
system 2 &or ifompémition Ofchefofeftihce Sigmaisrobfledeysady. chassi s which forms a
first part and 20 drives a second part fornmed by a shaft | | with respect
to the first part. For exanple, a reel for a magnetic or an optical tape,
or a slide of a wite/read head of an apparatus for reading or recording a
di sc-shaped data carrier, is nechanically coupled to the second part 11.
The control means 2 iHerutns otherawpeats ohthsinvepdenswillbeedepcribed inguere defpil wigh a

first and a ?&‘EQMtoE}QS&rNiﬂgs.ﬂ Palawingd: Xpb, which position signals are a
nmeasure of the instantaneouS value of 25 the position of the second pan 11

with respgfct to the fikigtl ¢iagrammatically shows pdridegsysenhodi nent the notor 1

conprises a nmagnet ri 13 Lng.. ni ng ti | ai rs. The neasurenent
systemincludes a fi r%g'dn%gé%g%%g%% ggoﬁélgpg%fﬁfrg%n%ﬁ?'ch are
arranged in facing refigt3 thoskiapandr bf 2 papefligtdy t he magnet ring and which
generate the first andFth segan position signal, respectively. The
position signals thus d%‘hgﬁé?ggs P s%?lfﬁmeén?g't‘?é § YRy S altgqgcr%{é\g means of

i nst ant aneougiyal ue of the notor shaft angle ctp. The first and the second

position signal are sin(9*oci,) and _co,)s(9*cz ). In another version the
measur engnt syst em corpkisBEVA PR 8t Figntt 839 second optical sensor and the

shaft of the notor carFigesshawdiaefit MHaaRidgRRSIIEHIART réading datdFfoh Hilta Qlridrhe
angle. In yet another version the neasurenent system conprises a di sc whose
resistance in a radial direction varies as a function of the angle and the

radial resistance is nBasU§HRWsAglafiiaicdPBdriving system which comprises a motor ! and

a control system 2 for the motor. The motor is carried by a chassis which forms a first part and

20  drves a second part formed by a shaft 11 with respect to the first part. For example, a reel for
a magnetic or an optical tape, or a slide of a write/read head of an apparatus for reading or
recording a disc-shaped data carrier, is mechanically coupled to the second part 11. The
control means 2 include a measurement system 21a,b for generating a first and a second
position signal Xpa, Xpb, which position signals are a measure of the instantaneous value of

25  the position of the second part 11 with respect to the first part 10. In the present embodiment
the motor | comprises a magnet ring 13 having nine magnetic pole pairs. The measurement
system includes a first and a second Hall sensor 21a, 21b which are arranged in facing
relationship with respect to the magnet ring and which generate the first and the second
position signal, respectively. The position signals thus generated are periodic functions of the

30 instantaneous value of the motor shaft angle a,. The first and the second position signal are
sin(9*oy) and cos(9*ay,). In another version the measurement system comprises a first and a
second optical sensor and the shaft of the motor carries a disc whose transmission is-a function
of the angle. In yet another version the measurement system comprises a disc whose resistance

in a radial direction varies as a function of the angle and the radial resistance is measured by



3 neans of a first slip contact at a central point on the disc and by neans
of two or nore slip contacts at the periphery of the disc. The control
system further conprises reference neans 22 for generating a refer&H@g2003
si-gnal Xr which is a nmeasure of the desired position. If desired, the.
reference means 5 22 may generate one or nore further reference signal for
use by the error signal generating neans 23. In the present case, the
reference signal Xr is proportional to the walue 9*ct , where cx is the
desired value for the shaft of the notor 1. Fromthe position signals Xpa,
Xpb ‘and t he mesheofmfiimst dipgoalachat a céngrabpaintronshaydisd angdyeneahs ofgwoeamere38p
derive an error | Xe. whi qé a neasure of the difference between the
desired valué:aﬁﬁs?ﬁﬁePﬂgngfg 6@? val ue of the 10 position. The contro
rreaﬂs 2 further COWD_FIS“ETw)h(?’ODSyEﬂ;meuﬁ?aBSmﬂAseﬁ Eﬁfherermﬁﬁﬂaﬂd 2ok F@eﬁﬁﬁg)i I
with an energ|2|n slgn i.n dependence, on the err na

shows t hat t HECERFG gﬁét’lh":&éh%f“& Riiey ﬁ%eaf}fé"%dr@%ap‘? derie ﬂafefff e{rgce m ins

wei ghti ng § acixahsy Y\@ﬁatc)SHb of FeFe fhﬁ&rﬁ'&éx@ﬁ&f}%aﬁﬂogﬂsﬁ' by thO¢rrorBighd) igkmtearinbe
position signals g Xpb with the weig htlngxgactors Xwa, Xwb and for

det ermi ning ameansRfin m@@r%emgmeeaw;;@fsﬁemecﬁm isgmogxomﬂne thme/ia@hﬁr%gwhere
factors are per %)t(ﬂg dgsuchgglhé ?&thfsﬁn%ftrtn Qﬁ!l\g ﬂo?#rqnﬁx%mst'hgnggili%rsi@(% @xéﬁ%{ a%ﬁtﬂbt h:

pel’l odi c funC({"I ns are derilve e rererence srgnal,
series expansiefefence signik Xe the drfor tibeal peresating meand Z8derivben &E’dr@fgnsll}gﬂﬂlhch isa

generating means co a first table 200 whic S, as function
of the refer dRESUED gﬁ’ﬁld‘f ence hetpigen Fggsé‘i"rg H%é“ddn? @B‘amob’ﬂaﬁ’e‘%él?egnal a
first wei ghtigngibACtHRIcont¥ nihs EARARKPritOerztdizing Mefisa Xor cheGRARIRE ina} e

201 20 supplies, as a function_of the reference signal_ Xr, a second
wei ght i ng f act Bih seenergizing sigpal Adiimgepepdeasaerothe emrr signal Xe.i ant shown in Fig.

3 uses a single table 205 fdys GRkrRY il 10l dariSndsht Bt aaifRhdliAg f act or

Xwa and the second wei ghting factor Said ta recei ves an out put
signal Xr" frwmlamtgﬂamrpl)(em?(»@dmm thy neferenaetsignal, &irgreaghting theipasitioneségnals Xpa,

sel ected by tﬁﬁ% e rs‘;(&&%%%g?&to%pﬁkwaf)ﬁ&maﬁd%EE?\EnﬂxRRg% sEnJ[ng'ﬁle whlghfd Pg%g’.lonThe

second i nput ndence on a I'oh Si gha
first inplit ssignbl The wcjehtrrmsfp@nusretmnpﬁe ﬂmefrmseqﬁd@ referpned signahXe lin 4 yargant the

measur e of Fhfcn‘%alglfﬁc%ogscar d d Eiﬁe ? enc§§5g 3! &% Efardl : ‘3%«9’[& e?dagﬂ@rl
grlg, ?r mt

Xr', which is" a neasur € refrerence
si gnal Xr. Deﬁemiacngnﬂnprdsa\twahuettmfcnbhsgmgmdtimg megngoaiprixsa filsgtable B0

200" supplies_an out put _sign COFresp ondi cos%Q*ct .
cin(orots) sovBruSiRPE ot PoryY e GRERE R 3 RSl Rt B ggia o,
into a sec0ndsxFrﬁglastrﬁrweZQﬁmgvao@ora(wmmdkﬁommhgmun 0@l A sédord poleLent
variant the selection signal Xs is generated fromthe clock
20 supplies,asa funcuon of the reference signal Xr, a second weighting factor Xwb
corresponding to cos(9*oy).

A variant shown in Fig. 3 uses a single table 200’ for calculating both the first
weighting factor Xwa and the second weighting factor Xwb. Said table 201" receives an output
signal Xr" from a multiplexer 201'. This output signal Xr" has been selected by the multiplexer

25 20! from a first input signal Xr and a second input signal Xr' in dependence on a binary
selection signal Xs. The first input signal Xr corresponds to the reference signal, which is a
measure of the angle 9*c,. The adder 202’ calculates the second signal Xr', which is a measure
of the angle 9* oy + /2, from the reference signal Xr. Depending on the value of the selection
signal Xs the table 200’ supplies an output signal Xw' corresponding to cos(9*a) or sin(9*ay)

30 and this signal Xw' is read into a first register 204’ or into a second register 205’ via a
demultiplexer 203". In the present variant the selection signal Xs is generated from the clock

signal Cl by means of a divider 206". The value of the selection signal Xs changes every period

of the clock signal.



signal G by means of a divider 206'. The value of the selection signal Xs
changes every period of the clock signal. 17/01/2003 4 The error Sl/aH
generating neans 23 shown in Fig. 2 conprise a first nultiplier

receives the first position signals Xpa at its first input and WhICh
multiplies this signal by the second weighting factor Wkb applied to its
second i nput by the second table 201. A second nultiplier 203 receives the
second position signal Xpb at its first inpyt and the first 5 weighting
factor Xwa fromthe output of the first table 201 at its other input. The
first multiplier 202 'ﬁlanscrmn si@ualmamemimgrmnw thowarin Figv2 comnprise fifirstmulvigier

dth t t ted t
e or ¥ o B iy o R bR P B oo g
geneL ating rrlrseg)i\(s] byithé second bagmi?lfwtgﬁdxmwmcd teeitsese eotdanpud tht@Seco_ﬁA(tibdb 20D.
10 The signa e e er Si *(-CCS
20y, Thi o srmpEimbieliGiondYremeohe stond eoviigheliatlitin e fre opul giane fis

provi ded tshatwéié}ﬂ g@dctt@ X0ba frbi tiRfe@itgr ofthé fidBtable@d) af i@ Ghd? Snpit. tTRE Firsd N
interval from [2 to +it/2. In order to enable al so | arger devi ati ons

bet ween t he JRWHRLSA2AAHRASEANSHEPUL (oBNeTIGdLP AR INYABIAE §irsh inpueandghiscenswltiplisy 293
second wei ghth%gaﬁ%l{l?%%gndcétcg%@Ec%%-lmrﬂ'g1h Butdf a kv J&RsUr e of cos(9*(-as

- o(d)). Conseque are periodic functions of the-difference
bet ween the instant ane’éihsomﬁtleeowepﬁer%ml genarating meangay|l new be axplained with e

angle, whic £ hase rel ative to one another. This signal is
shown in Fi gr}cgﬁﬁcé%rﬁ'% hi étpg)lgrpose a third nultiplier 204 receives the

first posiotion signal Tussigtal XeEsuppliedby thpeddea?®b is peopoftionaitio we{dytod Nay)).

factor Xwa at_its s nd j A fourth nmulti er 205 receives cond
20 posi {1 on SHAFAKaENGR NG 4% Repedisdn SHRES B POLEER EbiGF aties P o
Xwb at its seppd. bf)Réthains Wigin bR idiévaNtohl B¥d @+mand the fourth multiplier
each have an output connected to, respectively, a first and a second input

(bot h non-non-inverti nb1)0rd¢r to erableching larderesteviaiams betveeen i@r@hreﬁ@%ls and the

bropor ti onal it GRS dheRlo be Aiflehrea FIENGL cliEg30AISES 1200, UEn 8D

out put connec es ective In
counti ng i tm@@t&e Oﬁvt:nS(ﬂTGOs g@&)\ﬂwnswumkyexdleam Xe 2 ane Fctrgndlcgpncw@nmfnhmes t he
nearest inte val. ue nﬂle*;

wei ghted sum e ceé’e""fcﬁe seréscl)ndmg ys Vﬁﬁ%&?@’u M “Idn% \%ﬁ")egv?\llmf %fttln%%‘%; ! :’nztnt ed
i f for a val uehicH art bleiftbd hs;ihammiah(ﬁ:ho oht @’mhcrt'ﬂﬁmsx@apnsshbwwﬁn Hig.r4®t Fotrthisshol d
value.T the SI nosc(:)fa tﬁlrgmuﬁlp ler 2 l#gc]c?\(/%szth%%rst%osmon sxgna] Xpa at its first input and the
first weighting factor Xwa at its second input. A fourth multipher 205 receives the second
20  position signal Xpb at its first input and the second weighting factor Xwb at its second input.
The third multiplier and the fourth multiplier each have an output connected to, respectively, a
first and a second input (both non-non-inverting) of a second adder 207. The signal Xe2is
proportional to cos(9*(-as - 04)). Each of the adders 206, 207 has an output connected to a
respective input of a counting unit 208.
25 The counting unit 208, which is shown in more detail in Fig. 5, determines the
nearest integral value N of 9*(-a - o)/m (see Fig. 4C) from the first weighted sum Xel and
the second weighted sum Xe2. The value N is incremented if for a value of the first sum Xel
higher than a positive first threshold value T the sign of the second sum Xe2 changes from
positive to negative, or if for a value of the first sum Xel lower than a negative second
30 threshold value -T the sign of the second sum Xe2 changes from negative to positive. The
value N is decremented if for a value of the first sum Xel higher than a positive first threshold
value T the sign of the second sum Xe2 changes from negative to positive, or if for a value of
the first sum Xel lower than a negative second threshold value -T the sign of the second sum

Xe2 changes from positive 10 negative.



positive to negative, or if for a value of the first sum Xel |ower than a
negati ve second 30 threshold value -T the sign of the second sum Xe2
changes fromnegative to positive. The value N is decrenented if f bi/0142003
value of the first sum Xel higher than a positive first threshold value T
the sign of the second sum Xe2 changes from negative to positive, or if for
a value of the first sum Xel |ower than a negative second threshold val ue
-T the sign of the second sum Xe2 changes krom positive to negative.
17/01/ 2003 5 The value Nis equal to trunc (9*(cx, - as)/n), where trunc

(x) is the rounded-up Thaldlee Nis equal kb eruneioney, ofo, )| #here RERIWS Bithe/rodndEBapUr €
of the nunber of periods corresponding. to the deviation between the
i nst ant aneousVagf&- The vale of Rbis gensequstlnh peasursof therumst plRerigds qorespopdiag

counter 206 i & dddidu i BARDAGHE st Mafold fle &I Recne 0,5 MUl Li I exer

209. A second 1 nput he multi pl ex I'S connec to the output
of the counting unit ZJb8outfitef thatfipsicowttert206 iscfunthericnoneated to 208t input@obnefat ed

to a selection j.nput 9 of ,th i bl exer , 20 The generated err

i gnar xe 1o SRR S rocdra bl b h BB R S FordB0% BB it Plipe e
209 h?s NI ts Oﬁmmgl QU8 EThetomtput gf Otgd: cm:trmngmuu%(meombam ﬂoh&el(;:v&&dnuﬁmeQOQche
si gna at t sel ectio ut C,corres s to.a,value O. e

mul tipl exer 20ghe TBIt'ﬁ&?&’l%é'%%’ﬂﬁ”‘ﬁ%%‘?ré@“g@?‘? Fé“@é‘%ff’d‘#‘? Ayagt ‘%If}@b when
the val ue of miRipRkerTEY. ’f‘i’le@ﬂulﬁﬂﬂ@(&Qd_)9?l$dsii@@uﬂ£ﬁmbhp13@9§itm$tfi ut 209200hed theThe
signal Xe at the output of the multiplexer 209 i.s shown in Fig In the

) . : . 4D.
case of a conpivefitRetignabirat the arleation enpub2lfe comesnondsdo p Malpat iR EBPI65IM on
ap and the dgsiifsdipROSiuple®b itskecdnd nput 2493 when 1R alR%f theQighll N atihd Eeledtior he
error signal generafing heans 23 generate an error signal” Xe which is
equal to si n(@wp-28Pediffegsdyom 0. The signaltesas thsfoutpug efthe muitiplexes20P5s showgdn Fig.
difference, i,g€.1.f0r , * G - actdy, > vk rrQr
signal is eq ug 'I{‘ 6'% T uoﬂfia?:é&%) %@‘ c\-{)a%annghl dg?fcr%'ﬁcee b&ﬁ"z"ﬁf‘ itlgee{ﬂgl[a&lrﬁangé&tpﬁge'ng? g”oz{rn(a
signal Xe gengedtsdd pysifidreo,Eild. U2 Ki=gIrgo, - gHREE AL, thg eBAdIgnal genetihHimea QB e
finer in the case of a conparatively snall difference than in the case of
a conpar at i veB§peraianeryy sigeal s odighdat Rushtorsingd | (st Sab alf dlsLrassRi < comparaiively
and the Si bideGL. keSyailR Alo, PESSL RhE h ]
accurate ggsi {a?%nﬁﬁkﬁd\ﬁm (eoqé)é? bsgﬁkeesvfo {gg?g al(larslu%)?r Ji))(;1’ [h%]ggﬁ??@a?is gér}ml [gvel S
can be |im t edundf@(-carn calirs Fheigentizdtioe obthe etver sigrfal e gereeatddarygbe errdraigndn/ 2

R e M R X
of a conpar at ineehst of ARbinpdhtiveBr 1€ iftaindeBdiwtdiahe indGhaidoaaitfonieiahd h8 Cp
and the desired position as exhibits a conparatively |arge variatj]on
desired position (). This makes it possible to obtain an accurate positioning, while yet the
20 total number of quantization levels can be limited.
For an absolute value of the difference larger than 3702 the error signal Xs is
independent of the difference. Moreover, the error signal generating means 23 generate an
error signal Xe which in the case of a comparatively small difference between the
instantaneous position @, and the desired position o exhibits a comparatively large variation
25 with respect to the variation of the difference in the case of a comparatively large difference.
The counting unit shown in Fig. 5 has a first input 208a for receiving the first
sum Xel and a second input 208b for receiving the second sum Xe2. The first input Xel is
connected to a non-inverting input of a first comparator 220 and to an inverting input of a
second comparator 221. An inverting input of the first comparator 220 is further connected to
30 afirst bias voltage source 222, which supplies a voltage which is a measure of the positive
threshold value T. The second comparator 221 has a non-inverting input connected to a second
bias voltage source 223 which supplies a voltage which is a measure of the negative lixreshold

value -T. The second input 208b of the counting unit 208 is connected to a non-inverting input



25 with respect to the variation of the difference in the case of a
conparatively large difference. The counting unit shown in Fig. 5 has a
first input 208a for receiving the first sumXe | and a second mpWOlﬁs)%
for receiving the second sum Xe2. The first input Xe | is connected to a
non-inverting input of a first conparator 220 and to an inverting input of
a second conparator 221. An inverting input of the first conparator 220 is
further connected to 30 a first bias voltag® source 222, which supplies a

vol tage which is a neasure of the positive threshold val ue T. The second
conpar at or 220f athizd compRARAIPI A4y T}i"n‘@"‘?fr‘i‘ﬁh’tts iBpHTHBR ingt copnegtedde groynd. Fihg hird

vol tage sourcg Hﬁ,%%t&hb@ RasStRRtdu SorfhetOd aaﬂ‘?r{xﬁ’ﬂ?'oggg% % Hﬁfg.s.ﬁ'i @l”hQEelE hgemem

negative thres value -T. 'The secon count | n
208 i s connec225chas en eutpwconneeted to afrst imput of 2 /ANID 206 326. Thothisi cofmipardtor 224 has

TR e o aris P ol ke 8 ahiitod: BY &1 bt 2B dhe RBASH el & lifTE- T
el ement f 226. chngectes tay sedoadrixplut %ﬁ%ﬁhaANmBMMThimnﬂeﬁmﬁiatme Hab ftSdutput
nput n T thir r r 2 t t

l:oﬁzec? edato é’ﬁh‘%ﬁﬁﬁﬂ g‘%ﬁggﬁwgi"t%racsg‘g’fp‘%%gf“ﬁgél ?@? dEl%?glﬁg’g“‘p’q%Bﬁ?Ei& 5

connect ed t o0 & @@ B6hnettpdlio Mfinfudef & becohd NMHGALR 1%8 Gecond thvEidri2do Egyngpar at or
224 has its output furéher connecte to a fir ut of a second A gate
228. The del PRt EPRANELCS B8 serandd IRRI © *F§°‘E9896ﬁ1?58 %%ﬂ@asqcan%ﬁ%

‘second inver tigf ar dRputlddBnE @AV tb@fﬁ&t@m SPPNAANAD gar@ BBPkHd z@qmﬁwpﬂﬂoftao a
second i nput of the second AND gate 228. The second AND gate 228 has an

out put cotthectixh ADER Bate 833 Tine fistt ANID gate bes a3 ouknut epnapmedyeatietodirstneit b2 a
first input Oifouﬁlh A@ﬂf%ﬁf& 1931'64}"3 tggtffna ofTar}Q’HI %Ng ggé'“g?gglﬁcethﬂgﬁwg?#ﬁﬁ%xd

connected both to a frrst input o out ate 2 and to I Tst
i nput of a fithe ﬁftANm@aate’QBlzavem Stchcbnddnww:cognaeceedzaﬁhmmput ofitbe $ecbndh AND

gate 232 have_their L.npu cO to.th uj ond
conpar at or 2™ ator? ?ﬁ%f%\ﬁl‘%‘ élgpeg gtqc sé’“@?‘?@gagﬁ\[}% Ph% a'?/e
their second mpmpudsrmcmammabé adpﬂt@ftmmrawbmparamﬁ- 22 &ht thisit AND e 1230 bas a220
The third ate 230 has n15 out.put. cqn ted a first input

fourth AN gerdisSoriesed iee Bt PR BE Mol BinRE & 4 Bnee PhbneoBitalfy o
OR gate 234. skbendinp’iof ORryy ORegaeZ34aThofifspOR gaanmeat@d dt@odrectedtd thﬂp'BtmpuOf
an UP/ DOMAN count . he fif 23 an out put connected t
first input %\Pr?ﬂﬁpﬁéagY I?itcﬂ”%‘?ﬂlg%hp@'ygmﬁ agﬁ iﬁo%%ﬁ%'@?%‘ﬁ‘? tog g“é%?:uénd
i nput of a sesnBe ﬁRh@éNIB gat2353 hash@ cﬁxﬁﬁx@E&nE&d}@taQeé’o'ia nlf;ﬁsofamseewdmk gate
connected to the of _.an UP/ DOWN 20 counter_236. iIs to bﬁ“ﬂ‘gt ed

that in the vaty aht §°%83|85633ﬁ§?5e‘}"rﬂ5’§¥%F‘§‘"F1’f§d P POSYR | "W efra URM
nmeans 2 haye QRQRr bIRhEIRYeGbiddindesine 3b8shi RIENMRE RereilBEBre the AYIRINRBI @ei N

order to control means 2 have been implemented in dedicated hardware. This is favorable in order to
achieve short response times. In other variants the functions of the control means or parts
thereof can be carried out by means of a suitably programmed general-purpose processor.
_ Fig. 6 shows diagrammatically a unit for writing data onto and/or reading data
25 from a data carrier 3. The data carrier 3 shown records the data as an optical patter n. In the
version shown herein the data carrier 3 has a radiation-sensitive layer 31, for example a
radiation-sensitive dye layer or a phase change layer. The data carrier 3 is drivenin a
customary manner by a motor 4, as a result of which it is rotated about an axis. A write and/or
read head is arranged opposite the data carrier to write and/or read information patterns on the
30 datacarrier 3.
In the version shown herein the write and/or read head 5 includes a radiation
source 51, for example in the form of a solid-state laser. In another version the unit is intended

for a magnetic data carrier and the write and/or read head has means for writing and/or reading

magnetic patterns on the data carrier, for example a magnetic head.



achi eve short response tines. In other variants the functions of the
control neans or parts thereof can be carried out by neans of a suitabl
programmed ‘gener al - pur pose processor. Fig. 6 shows di agramati cal l y17é01tﬁﬂ¥)§
for witing data onto and/or reading data 25 froma data carrier 3. The
data carrier 3 shown records the data as an optical patter n. In the

versi on shown herein the data carrier 3 has a radiation-sensitive |ayer 31,
for exanple a radiation-sensitive dye |ayey or a phase change |ayer. The
data carrier 3 is driven in a customary manner by a notor 4, as a result
of which it is rotatedThdradial positioniofthe head 3 telatiamtiythe data exdert3da doritolled byahged
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20  viathe lens system 52 and via a semi-reflecting mirror 53. In response to this radiation the

opucal detector produces signals Xd. A signal processor 7 derives low-frequency signals XIf
from the detector signals, which low-frequency signals are important inter alia for controlling
the head movement. One of the signals XIf, for example, is an indication of the extent to
which the beam coincides with a track to be written/read. Another signal is an indication of the

25  extent to which the beam is in focus on the radiation-sensitive layer. Furthermore, the signal
processor 7 derives high-frequency signals Xhf from the detector signals Xd. The high-
frequency signals represent, for example, audio and/or video information. Such a signal
processor is described, for example, in EP 508 52. Moreover, the signal processor may
perform error detection and channel decoding.

30 Reference means 22 including a microprocessor 81 having a memory 82 derive
areference signal Xr from the low-frequency signals in a customary malnner, which reference
signal is a measure of the desired position of the read head. Control means 23, 24 derive a
signal Xf for energizing the positioning mechanism 9 from the reference signal Xr and

position signals Xpa, Xpb obtained from the positioning mechanism 9. For this purpose, the



| aser of beam of conparatively lowintensity onto the radiation-sensitive

| ayer 31. Radiation reflected fromthe radiation-sensitive |ayer is
subsequent |y inmaged onto an optical detector 6 20 via the |lens systé?ﬁ”f@om
and via a sem -reflecting mrror 53. In response to this radiation the
optical detector produces signals Xd. A signal processor 7 derives

| ow-frequency signals XIf fromthe detector signals, which | owfrequency
signals are inportant inter alia for contro8ling the head novenent. One of

the signals X f. . for ex le, ig,an indication t he extent

boam ool ac: daaniy! e e eas B 3 erb(aififs mains Yab dieeibpinaeRretiip Hle s "
i ndi cation off, 2 aandS. extent to which the beamls in focus on the

radi ati on-sensitive Iag]}/l Furt hernore, the si 8nal processor 7 derives

hi gh-frequency si gnal Snibg versigzdaserbed aemein the reg 5%?5|55haxaﬁrsm@wﬁp@5réwhwh
frequency sigpaje A€ RbRRA 'a% ehegegmamgpé t?ean?dhqhé’dﬂﬁ‘%ﬂér ywﬂ@feaa e RN

Such a signal processor scrib for exanple, 1n EP 5 52. Moreover,
t he signab pﬂl@cas&;smdWtorééﬁr@pnﬁf@thﬁhCMWaQfmhidn@rbmnel decodi ng. 30
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20  the invenuon the motor is, for example, a stepper motor having a first winding and a second
winding which are 90° spaced apart, and the position signals are proportional to sin(c) and
cos(). where o is the angle occupied by the motor shaft. Controlling is possible by means of
the error signal generating means shown in Fig. 2, in which Xel is an error signal and Xe2 is a
further error signal. In that case each of the windings of the stepper motor has a driver which is

25  controlled by a respective ervor signal.

The invention further relates to any novel characteristic feature and to any

combination of novel characteristic features.



pl ayi ng an essential role. During the search operation a reciprocating
novenent can be 15 inposed on the first actuator 56, as is described in US
4,330,880. Thus, it is possible to achieve that the beamfol |l ows al{/P¥eR03
in periodically recurring time intervals during the search operation and
thereby also read information during the search for a new track.

Qoviously, a nultitude of variants are conceivable to the expert w thout
departing fromthe scope of the Clains. In an enbodi nent of the apparatus
in accordance with 20 the inventiontHRe notor is, for exanpl e, a stepper
notor having a first wnding and a second w nding which are 90 spaced
apart, and the position signals are proportional to sin((X) and cos((Xx).
where a is the angle occupied by the notor shaft. Controlling is possible
by neanwhaf i kéatmedrissi gnal generating neans shown in Fig. 2, in which
Xel is an error signal and Xe2 is a further error signal. In that case
each of the w ndings of the stepper notor has a driver which is 25
control fed bd ePnteopeBYstal EPFBYLisingnal . The invention further relates to
any novel charpcdRiriefbh Jfﬁ%@%klrﬁna%dnbﬁaﬁ% aCoiitahion gdconavel
characteristjc features. 17/01/2003, 9 Wat_is clained is: 1. contr ol
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syst em férsworpagitgnfll thpedeiainngysbans for generating an error signal in
response 0a2: SRR GRhEPRAl RN heblE EbE SheAlithcingCaANdrrpOSkidi)
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the position, which error signal generating means derive weighting
factors from the reference signal, £for weighting the position
signals with the weighting factors, and for determining a sum of the
weighted position signals;

energizing means for energizing the motor in dependence on the

error signal.

2. The system of claim 1, in which the position signals are
periodic functions of the instantaneous value of an angle related to
the position, the weighting factors being periodic functions of the

reference signal.

3. The system of claim 2, in which error signal generating means

determine a further sum from the weighted position signals, the sum
and the further sum being periodic functions of the deviation
between the instantaneous value and the desired value of the angle,
which periodic functions are shifted in phase with respect to one
another, and the error signal generating means being further adapted

to determine a measure of the number of periods corresponding to the



energi zi ng neans for energizing the notor in dependence on the error
signal. 2. The systemof claiml1, in which the position signals are
periodi c functions of the instantaneous val ue of an angle rel ated t &7/0VE03
position, the weighting factors being periodic functions of the reference
signal. 3. The systemof claim2, in which error signal generating neans
determ ne a further sumfromthe wei ghted position signals, the sum and
the further sum being periodic functions of the deviation between the

i nst ant aneous val ue and the desired V8l e of the angle, which periodic
functions are shifted in phase with respect to one another, and the error
signal generating neans being further adapted to determ ne a neasure of

t he nunber of periods corresponding to the 17/01/2003 10 deviation

bet weenadviat i 65t Bedwaie@otheV ahsti€artiflebli® EiSier @ddvahuedetirdderaangl ef 4. A
met hod Qf controlling a nmotor in a driving systemhaving a first part and
a secont$8Pf %o be driven with respect to the first part by the notor,
whi ch nethod conprises the steps of: generating a first and a second
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part with respect to th Irst “part; generating a erence vadl ue which is
a neasUbiess panke anssiar @gcond| RATtOLOL he Poyieni BHEL gre?r?@te&f-l By e £irsk si gnal

whi ch i$:,8 BRashE encRbr! hehi EE%&i‘%m?ﬁié’t%e@hEhﬁté;ﬂ;Sb@m aneous val ue and
the desired val ue of t he posi tion; energ|2|n the notor .in dependence on

the error sidpPeratingd Firgt \@AdgRt PREPICREPE 19 BATRHe WHdCB ASRES] gnal -
wei ght i 619 dnlee vRDSé tafonnei goalsion bl the swrioght bar fwathokespedtd tdetre i ni ng

a sum ogixgsréepgvlgtl__’ght ed position signals.
generating a reference value which is a measure of the desired
value of the position;
generating an error signal which is a measure of the
difference between the instantaneous value and the desired value of
the position;
energizing the motor in dependence on the error signal;
deriving weighting factors from the reference signal;
weighting the position signals with the weighting factor;

and determining a sum of the weighted position signals.

5. The system of claim 1, in which the error signal generating

means generate an error signal which in the case of a comparatively
small difference between the instantaneous position and the desired
position exhibits a comparatively fine quantization with respect to

the quantization in the case of a comparatively large difference.

6. The system of claim 1, in which the error signal generating

means generate an error signal which in the case of a comparatively
small difference between the instantaneous position and the desired
position exhibits a comparatively large variation with respect to

the variation in the case of a comparatively large difference.

7. A driving system, comprising: a motor; a first part; a second



5. The systemof claim1, in which the error signal generating neans
generate an error signal which in the case of a conparatively snal

di fferénce between the instantaneous position and the desired p05|{WQﬁQOO3
exhibits a conparatively fine quantization with respect to the

guanti zation in the case of a conparatively large difference. 6. The system
of claim1, in which the error signal generating neans generate an error
signal which in the case of a conparatively small difference between the

i nst ant aneous position and the desir&¥ - position exhibits a conparatively

| arge variation with respect to the variation in the case of a
conparatively large difference. 7. A driving system conprising: a notor; a
first part; a second 17/01/2003 - 11 part to be driven with respect to

t he fi pattpes tbebdriten miithr respettatocund ridrssysd@mbyl nhé uchtog:; and a

measur eent ofxatgg%fcgnéyaagﬁgtlng a first and a second position signal,

whi ch p05|f|on sighal's are a measure of an instantaneous val ue of the
position of aa W@mdmgmt spten dfbwi ggnexyisingm a whitcht sepdnck paeeond to be
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si gnal “gener ati ng” nmeans éhneratlng an_error signal 1n response to a
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refer era;s}etém,gnmlndrs @edmaswaetoflsa tde Hel gsbsivabned ofither@gscti @d, avi ch
error si.gnal di fference between the desired val ue and
t he |n§fg EUSfCE#%gﬁBFln?H%wﬁsgitlon which error signal generating
nmeans deriverwer ghigneg demetrating meEmnshdorefenermeing gmalerrbor signajht i ng

the pog tlr%hﬁoﬁlgn%l S 0 LAeLhg, P! 9N LRfl ohe. (308, Anadef CLELAAO a sum
of the *"wel pOS|t|on Si'g S; ~energi zing nmeans for energizing the
mot or msdemmd@rmlonwbh@h mwnsﬁgﬁwnaB.lsArﬁ aesnaeustf ar dgsbradhg
and/ or J,eREOd¢CiR | JEATBLI Ohich error signal is a measure of the
difference between the desired value and the instantaneous value of
the position, which error signal generating means derive weighting
factors from the reference signal, for weighting the position
signals with the weighting factors, and for determining a sum of the
weighted position sighals; and

energizing means for energizing the motor in dependence on the

error signal.

8. An apparatus for storing and/or reproducing information,
comprising:

a head for writing information onto an information carrier
and/or for reading information stored on an information carrier; and

a driving system for positioning the head with respect to the
information carrier, including: a motor; a first part; a second part
to be driven with respect to the first part by the motor; and a
control system that includes:

a measurement system for generating a first and a second
position signal, which position signals are a measure of an
instantaneous value of the position of a second part of a driving
system, which second part is to be positioned with respect to a

first part of the driving system;



conprising: a head for witing information onto an information carrier
and/or for reading information stored on an information carrier; an

driving systemfor positioning the head with respect to the |nforna!V%Hﬂm3
carrier, including: a notor; a first part; a second part to be driven with
respect to the first part by‘the notor; and a control systemthat

I ncl udes: a neasurenent systemfor generating a first and a second
position signal, which position signals are a nmeasure of an instantaneous
val ue of the position of a second pal® of a driving system which second
part is to be positioned with respect to a first part of the driving
system 17/01/2003 12 error signal generating neans for generating an
error signal in response to a reference signal and the first and a second

position sigpabr BAgE rgaa‘re&aes;@g srh@nal fiox @eaea&wr@ Qfn Ged@gi s@gnaval ue of
the position, which error - gnal E%Hg? %e gf t di fference befween
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erm ning sum of t 0STtion Si gha and energi zi ng
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functlons ‘i nst ant aneous val ue of an angle related to the posi tion,
the wdigherhg frapt dihe beeTILPBi dACEOFaIncEPBnSedAhE R 1 EPEr RNt nal ;
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the deWsf RASHELRR tHEPAE t Maneous val ue

energizing means for energizing the motor in dependence on the

error signal.

9. The control system of claim 1, in which:

the position signals are periodic functions of the
instantaneous value of an angle related to the position, the
weighting factors being periodic functions of the reference signal;

error signal generating means determine a further sum from the
weighted position signals, the sum and the further sum being
periodic functions of the deviation between the instantaneous value
and the desired value of the angle, which periodic functions are
shifted in phase with respect to one another, and the error signal
generating means being further adapted to determine a measure of the
number of periods corresponding to the deviation between the
instantaneous value and the desired value of the angle;

the error signal generating means generate an error signal
which in the case of a comparatively small difference between the
instantaneous: position and the desired position exhibits a
comparatively fine quantization with respect to the quantization in
the case of a comparatively large difference;

the error signal generating means generate an error signal
which in the case of a comparatively small difference between the

instantaneous position and the desired position exhibits a



and the desired value of the angle, which periodic functions are shifted
in phase with respect to one another, and the error signal generating
means Being further adapted to determine a neasure of the nunber of7/01/2003
peri ods corresponding to the deviation between the instantaneous val ue and
the desired value of the angle; the error signal generating nmeans generate
an error signal which in the case of a conparatively small difference

bet ween the instantaneous position and the desired position exhibits a
conparatively fine quantization with-r¥spect to the quantization in the
case of a conparatively large difference; the error signal generating nmeans
generate an error signal which in the case of a conparatively snal

di fference between the instantaneous position and the desired position
exhi bi t scamgaf/a@ivaDP3lark® vasdpatat iwishy reapget vias | ttHd orardiat bon eispadte t 0

the varigtiondn Eglﬁ%alr%qgge?% ¥ rﬁgﬁg{%gexggy | arge difference. 10. The

driving g?/ss? em of C position signals are periodic
functions of the instantaneous value of an angle related to the position,

the weighting,d L Rg b@jg}gmpgfi&daji& gynﬁ{ WBRspof the reference signal;

error signal generating rneans_determne a further sumfromthe weighted
posi ti on si gnBrs PoshEicnmigngle rs perhedis fvnpeienp 9feth®di ¢ functions of

the devi ahiuhcRabvesn vahaei Nst aghanaris VaduRedantb t hpedesddiRdoral Umeof the
angl e, which L}[),erl odi c functions ar shift se with respect .to one

, ed in ph
anot her . WSIRPCIRE EPTRTSSPEHY PogREI ARG tHh ShAEPRGTIAREREr SHBLed t o
determ ne a neasiy eighal hgeneranbey mdfanperieoetmicer aespotitiN@guinofEdre the

deviati on, PRGN LI 1 ohN1SL ANLANCOUS Y ALHE aNG {06, ASRLERL VALHE Slidhe
angl e; t he*Crror glgnal gen at | hg neans genératé an error signal Wi ch in
t he casereficdicofpactidngelof shal fedidtfionehekwdsat when inheantanepant ealacus

pOSitiOnaﬁadtﬁgedg§§§é5ﬂLdT%§i%kthgxghgﬁE§ @#hich periodic functions are
shifted in phase with respect to one another, and the error signal
generating means being further adapted to determine a measure of the
number of periods corresponding to the deviation between the
instantaneous value and the desired value of the angle;
the error signal generating means generate an error signal
which in the case of a comparatively small difference between the
instantaneous position and the desired position exhibits a
comparatively fine quantization with respect to the quantization in
the case of a comparatively large difference;
the error signal generating means generate an error signal
which in the case of a comparatively small difference between the
instantaneous ©position and the desired position exhibits a
comparatively large variation with respect to the variation in the

case of a comparatively large difference.

11. The apparatus of claim 8, in which:
the position signals are periodic functions of the
instantaneous value of an angle related to the position, the
weighting factors being periodic functions of the reference signal;
error signal generating means determine a further sum from the
weighted position signals, the sum and the further sum being

periodic functions of the deviation between the instantaneous value



conparatively fine quantization with respect to the quantization in the
case of a conparatively |arge difference; the error signal generating nmeans
generat'e an error signal which in the case of a conparatively snal 17/01/2003
di fference between the instantaneous position and the desired position
exhibits a conparatively large variation with respect to the variation in
the case of a conparatively large difference. 11. The apparatus of claim
8, in which: the position signals are periodic functions of the

i nst ant aneous val ue of an angle relatédd to the position, the weighting
factors being periodic functions of the reference signal; error signal
generating neans determne a further sumfromthe weighted position
signals, the sumand the further sum being periodic functions of the
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val ue of i angle %X‘é‘é Qﬁcgleﬁci 98L& felnGhieo ﬁoé‘ﬁ&r, shld tgd la?r&haéiegﬁ‘é‘lth
respect ?O one anot ner, an tﬁe error signa generatil ng neans bei g
further gehmresdng onadsisebaine funthas rdapsedt e datembéne of meepiivelwf the

correspoRthiag t et e deukat sl Apbueay LR (A5t A1L0ENNS YatWeefndnkhe

desired value of the angle; the error signal generating neans generate an
error siiiEHantapeeUs ivAlifcdrhddcofes regnpatur idfethestgleidi f f erence bet ween

the i n;sft an]t a{}fg)u&msi %ig}ﬁtla%nbh'?tﬁmi ﬁ@éi;&?éér%éﬁ%meeﬂ){ béﬁzf;b_ra si_gnalt ]
Corrpara Ive y Jin quan | Z Ion W r.espec 0 e uantli zatl on I n e
case of WGRIE dPey ERge] REg8 GPTPRARNIVELY [ ALY (SIEAATERET BRVIEER: THE noans

gener at eimdta@tbagous gnedsitdbhchand t bike cadesinfeda goapeiai i velhibimal | a

di fferenge. Stueen d N, BILAN ARSENS, RAS11.00.ANG, Liie, deshrehigs! thon
exhi bits a*® conparatively=large variation w respect t e variafion in
t he casehofcagecohiparcamperdtiviedygbaxtief dafEewamncet2. The nmet hod of claim 4,

i n which: the error signal generating means generate an error signal
which in the case of a comparatively small difference between the
instantaneous position and the desired position exhibits a
comparatively large variation with respect to the variation in the

case of a comparatively large difference.

12. The method of claim 4, in which:

the position signals are periodic functions of the
instantaneous value of an angle related to the position, the
weighting factors being periodic functions of the reference signal;

generating the error signal includes determining a further sum
from the weighted position signals, the sum and the further sum
being periodic functions of the deviation between the instantaneous
value and the desired value of the angle, which periodic functions
are shifted in phase with respect to one another, and generating the
error signal includes determining a measure of the number of periods
corresponding to the deviation between the instantaneous value and
the desired value of the angle;

in the case of a comparatively small difference between the
instantaneous position and the desired position, the error signal
exhibits a comparatively fine quantization with respect to the

quantization in the case of a comparatively large difference;
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