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1 SPECI FI CATION | NFORVATI ON DI SC RECORDI NG PLAYBACK APPARATUS, AND
VI BRATI ON  DETECTI ON METHOD FOR | NFORVATI ON DI SC RECORDI NG PLAYBACK

APPARATUS 'TECHNI CAL FI ELD The present invention relates t ion
disc recording/playback apparatus having a vibration neaﬂ”ﬂﬂ“Nl@ﬂNﬂﬁ%
r measuring vibrations caused by an eccentricity of a disc
bration detection nmethod for the information disc recordlnglsv%yback

paratus. More particularly, the invention relates to a di sc
cordi ng/ pl ayback apparatus having a construction for ’m WBmmgmmmE

vi bration detection using trackSEBGRFILAFHTIBNCKGCROUND ART ars,
optical disc playback apparatuses have nmade a renarkable inct®g8® in the
recordi ng/ pl ayback speed. The optical disc playback apparatuses have
achieved the increase in the playback speed by increasing the rotation
speed INFORMATEON DI SCSRECORBVGE/ PRWALBACKAPPRARATIES), ANRd/IBRAFI@pL i cal
disc is increased, vibration due to an eccentricity of the optical disc
adver spiyEQS f GIC t16E TROD r POR SUCHORSABEON 0D I $©SRECORDINGY BLAYBRIIE M

APPARATUS

TECHNICAL FIELD

The present invention relates to an information disc
recording/playback apparatus having a vibration measurement means
for measuring vibrations caused by an eccentricity of a disc, and
a vibration detection method for the information disc
recording/playback apparatus. More particularly, the invention
relates to an information disc recording/playback apparatus
having a construction for performing vibration detection using

track counting.

BACKGROUND ART

In recent years, optical disc playback apparatuses have made
a remarkable increase in the recording/playback speed. The
optical disc playback apparatuses have achieved the increase in
the playback speed by increasing the rotation speed of optical
discs.

However, when the rotation speed of an optical disc is
increased, vibration due to an eccentricity of the optical disc

adversely affects control such as servo, resulting in a problem



r J 24 that the user of the optical disc playback apparatus mght feel
unconfortdble. In view of such problem when an optical disc having a
| arge eccentricity is |oaded on the optical disc playback apparatus, the
optical disc playback apparatus linmts2 the rotation speed of the disc to
prevent the adverse effect of vibration due to the disc of the large
eccentricity. Therefore, measurenment of vibration anplitudes is an
‘aﬁporpant technique for preventing the adverse effect of vibration due to
e disc of the large eccentricity in the optical disc playback apparatus.

Fi gur etlBat sthe bhork @f agraneptiest raisagehadonvknipPonadtusprighlt et
pl ayback apparatus 800 having a structure for detecting vibration with an
accel evatomfoseasbe. | Anfvgavec§, suehf prehéempunberl agoerteaal ediachase,
nuneral 802 denotes a disc notor nmounted on the base 801, numeral 803
denot esauingnsulatge eccoppori¢chgythe besdedodn hheerpticdl desotes a disc
nmounted on the disc notor 802, nuneral 805 denotes an accel eration sensor
mount edlaybédle bpser8Ols, abde nopet el 8O6s depba goaak nepearabwest Lights for
measuring the anount of eccentricity on the basis of the output of the
accel ethti potsensorsBoed tErehaafiec, to herepentt tba advérbe ebfectbell. When
the disc notor 802 on which the disc 804 is nounted is rotated at a

vibration due to the disc of the large eccentricity. Therefore,

measurement of vibration amplitudes is an important technique for

preventing the adverse effect of vibration due to the disc of the

large eccentricity in the optical disc playback apparatus.

Figure 8 is a block diagram illustrating a conventional

optical disc playback apparatus 800 having a structure for

detecting vibration with an acceleration sensor. In figure 8,

reference numeral 801 denotes a base, numeral 802 denotes a disc

motor mounted on the base 801, numeral 803 denotes an insulator

supporting the base 801, numeral 804 denotes a disc mounted on

the disc motor 802, numeral 805 denotes an acceleration sensor

mounted on the base 801, and numeral 806 denotes a measurement

unit for measuring the amount of eccentricity on the basis of the

output of the acceleration sensor 805.

Hereinafter, the operation will be described. When the

disc motor 802 on which the disc 804 is mounted is rotated at a

predetermined rpm, a centrifugal force in proportion to the

amount of eccentricity of the disc 804 is generated. The base

801 supported by the insulator 803 vibrates at an amplitude that

is determined by the amount of eccentricity of the disc 804, the



predetermned rpm a centrifugal force in proportion to the anount of

eccen{rici'ty of the disc 804 is generated. The base 801 supported by the

i nsul ator 803 vibrates at an anplitude that is determ ned by the anount of

eccentricity of the disc 804, the 3 toBal mass of the base 801 and the

constituents nounted on the base 801, and the spring constant of the

i nsul ator 803. The vibration of the base 801 is converted into an electric

signal by the acceleration sensor 805 nounted on the base 801. The
asurenent unit 806 neasures the vibration anplitude of the base 801 on

t he basotadfmehe efetheilbaseghdl andathedcdystheuertcsahevntedroemzdr 805.

Then, the nmeasured vibration anplitude is conpared with a preset threshold

val ue, baher 8y, detér hhai agrangazonsmanbtafi one Speebhodrt$e3 di sc nount ed on

the optical disc device. Furthernore, figure 9 is a block di agram

illustrating'tee cidmesniarorafi tdp ibzade diElc id aymarske taop dmatou 19 @0 epdrrfiar mi ng

vi bration detection using track counting, which is disclosed in Japanese

Publ i sbe¢gnkat bt tApphtcalepatNon 2808o# 18568 Imohnt&d gom ethd, biéde Sehe

reference nunerals as those shown in figure 8 denote the sane or

corr espaadinBgspaeinsntanditebesencesuuser ghe 90ilbrdehoh esmabi opdé caf tiead

whi ch is suspended over the base 801 via an elastic nenber 902. Reference

nurer aba863sdenehesha bhght beaghappléetrio shenalli sist80dedirioy tie opti cal
head 901, and nuneral 904 denotes information recording tracks which are
concenhekeakk¥t9bnSBEhBbEY805.

Then, the measured vibration amplitude is compared with a
preset threshold value, thereby determining a maximum rotation
speed of the disc mounted on the optical disc device.

Furthermore, figure 9 is a block diagram illustrating a
conventional optical disc playback apparatus 900 performing
vibration detection using track counting, which is disclosed in
Japanese Published Patent Application No. 2000-113581. In figure
9, the same reference numerals as those shown in figure 8 denote
the same or corresponding parts, and reference numeral 901
denotes an optical head which is suspended over the base 801 via
an elastic member 902,

Reference numeral 903 denotes a light beam applied to the
disc 804 from the dptical head 901, and numeral 904 denotes
information recording tracks which are concentrically or spirally
formed on an information recording surface 804A of the disc 804
at a constant pitch. Furthermore, reference numeral 905 denotes

a track cross detection unit for generating track cross pulses

and a cross direction signal from signals which are reproduced




formed on an information recording surface 804A of the disc 804 at a
constant pitch. Furthernore, reference numeral 905 denotes a track cross
detection unit for generating track cross pulses and a cross direction
signal from signals which are reproducéd 4 1Wwhen the |ight beam 903
crosses the information recording tracks 904; nunmeral 906 denotes a count
unit for counting the track cross pul ses; nuneral 907 denotes a
measurenent unit for determ ning the amobunt of eccentricity fromthe
tounting result of the count unit 906; and nuneral 908 denotes a notor
cont r ohhennthe f bigltoribeah | 903 ¢ihes sgm Oie t efalimzt han ore@dxirand-racks
outputting rotation angle information to the neasurenent unit 907. The

di st ange4 pehwmeenat heo dpdenat eheadc@Mit ami t htodi couBing i sh&keptaconst ant so
that the focus of the light beam 903 is positioned on the information

r ecor depgs s uptiBses BOdimofal he0 i deno B8O a Thea posénémn wiit hBowpti cal head
901 relative to the disc 804 in the direction of the radius of the disc
804 (tHetdimesihnthé nghcahedobyearertrovd Ry fasm viths atdwmt ohgreedelrt sti cs
represented by a natural frequency of vibration foA which is determ ned by

the sppEngheonstiant ueitt hes el asdi sumerder 9092desor®s i simgter nedetttal such
as netal, resin, or rubber, and the nass of the optical head 901. The base

801 i susupPestedoRyréNeihgsthat osm 808 €REPEisSt Ngotor @YY i ad such as netal ,
resin, or rubber. Wen the centrifugal force generated by the rotation of
the di gGt8Q#ti8gPEOPAYRSRUangle information to the measurement unit 907.

The distance between the optical head 901 and the disc 804
is kept constant so that the focus of the light beam 903 is
positioned on the information recording surface 804A of the disc
804. The position of the optical head 901 relative to the disc
804 in the direction of the radius of the disc 804 (the direction
indicated by an arrow R) has vibration characteristics
represented by a natural frequency of vibration foA which is
determined by the spring constant of the elastic member 902
comprising a material such as metal, resin, or rubber, and the
mass of the optical head 901.

The base 801 is supported by the insulator 803 comprising a
material such as metal, resin, or rubber. When the centrifugal
force generated by the rotation of the disc 804 is propagated
through the disc motor 802 to the base 801, the base 801 vibrates
on the basis of vibration characteristics represented by a
natural frequency of vibration foM which is determined by the

total mass of the constituents including the base 801, the

optical head 901 mounted on the base 801, the disc motor 802, and



t hrough the disc notor 802 to the base 801, the base 801 vibrates on the
basi s, of Vvibration characteristics represented by a natural frequency of
vibration foMwhich is determined by the total nass of the constituents

i ncludi ng the base 801, the optical head 901 nounted on the base 801, the
disc notor 802, and 5 V the disc 804, and the spring constant of the

i nsul ator 803. The notor control unit 908 rotates the disc notor 802 at a
first rpmthat is sufficiently lower than the natural frequency of
¥ibration foA The optical disc 804 nmounted on the disc notor 802 is

rot at ethatdise $04stangntheVshring heomsipayet of £ tiee finstlaton t4at. is
sufficiently lower than the natural frequency of vibration foA the

opti cal headh0 o twirbreamgs dlogetitie@08i totelteshddbe 80tc TheorelBaLi vg a
position between the optical head 901 and the optical disc 804 hardly
changesirdterphotieatatst drefficsénthyn 1dedr i shauffheirmitunal ceerquanein t he
natural frequency of vibration foA the |light beam 903 crosses a nunber of
i nf or nafi eibrecboni AgAt r aCke 8Pdieqli dhbenB8O4tmothbednomnthefdescembtoci ty
of the information recording tracks 904. The |ight beam 903 generates
track gopssesrasatadyatsthbefitsf orpmti on recording tracks 904 the |ight
beam 903 has crossed. Then, the track cross detection unit 905 detects the

track crossEsItiof nespautigyy 3o the finfsar i ahateder dgufd icieckd yoQdwelre
| i ght beam 903 has crossed, on the basis of the playback signals of the
opti cathhgadn804atangdl oepegatesyt 6 ACKieF #550MUESRS the optical head 901
vibrates together with the base 801. The relative position
between the optical head 901 and the optical disc 804 hardly
changes. Therefore, at the first rpm that is sufficiently lower
than the natural frequency of vibration foA, the light beam 903
crosses a number of information recording tracks 904 equivalent
to the amount of eccentricity of the information recording tracks
904. The light beam 903 generates track crosses as many as the
information recording tracks 904 the light beam 903 has crossed.
Then, the track cross detection unit 905 detects the track
crosses corresponding to the information recording tracks 904 the
light beam 903 has crossed, on the basis of the playback signals
of the optical head 901, and generates track cross pulses
corresponding to the detected track crosses. The track cross
detection unit 905 outputs the generated track cross pulses to
the count unit 906.
The count unit 906 counts the track cross pulses for one

rotation of the disc 804 on the basis of the rotation angle

information from the motor control unit 908. The measurement



corresponding to the detected track crosses. The track cross detection
unit 905 dutput's the generated track cross pulses to the count unit 906.
The count unit 906 counts the track cross pulses for one rotation of the
disc 804 on the basis of the rotation é&ngle information fromthe notor
control unit 908. The neasurenent 6 V unit 907 stores a count result N of
the track cross pulses for one rotation of the disc 804, which are counted
by the count unit 906. Next, the notor control unit 908 rotates the disc
Motor 802 at a second rpmthat is higher than the natural frequency of

vi br atwreint f 20V asicbtesves d¢diant tiheswnkt uhl o f riswpiencaclofeno gy giulaes fioM  Then,
a centrifugal force is generated in the disc 804 due to the eccentricity
of t heowk Sico B ol hef bidse BlHc VBt atwdsict are coqubtiddidsy tited deurdetuerim ned
by the anmount of eccentricity of the disc 804, the total nass of the base
801 anglog he conponents nounted on the base 801, and the spring constant of
the insulator 803. Wien the disc notor 802 rotates at the second rpmthat

is higher weat,t haenabioal cohegueneyiaf ovisbiattiavesl aAeadd skowetothan2 the
natural frequency of vibration foM only the base 801, disc notor 802, and

di sc 804 Xi%@é&dtﬂﬁﬁtﬂ%t% ligi dther ophdg athdepgu Dl isedueddie e atic
state. Therefore, the relative displacenent between the disc 804 and the
opti cafiheadi S0lrbecon@si el th®h the natural frequency of vibration
foM. Then, a centrifugal force is generated in the disc 804 due
to the eccentricity of the disc 804. The base 801 vibrates at an
amplitude that is determined by the amount of eccentricity of the
disc 804, the total mass of the base 801 and the components
mounted on the base 801, and the spring constant of the insulator
803.

When the disc motor 802 rotates at the second rpm that is
higher than the natural frequency of vibration foA and lower than
the natural frequency of vibration foM, only the base 801, disc
motor 802, and disc 804 vibrate together while the optical head
901 is in the static state. Therefore, the relative displacement
between the disc 804 and the optical head 901 becomes equal to
the vibration displacement of the base 801. As a result, the
light beam 903 generates track crosses as many as the tracks
equivalent to an amount in which the vibration amplitude of the
base 801 is added to the amount of eccentricity of the
information recording tracks 904.

The track cross detection unit 905 detects the track crosses

as many as the tracks equivalent to the amount comprising the



the vibration displacement of the base 801. As a result, the |ight beam
903 generdtes track crosses as nany as the tracks eqU|vaIent to an anount
in which the vibration anplitude of the base 801 is added to the anount of
eccentricity of the information recording tracks 904. The track cross
detection unit 905 detects the track crosses as many as the tracks

equi val ent to the anount conprising the 7 anount of eccentricity of the
information recording tracks 904 and the vibration anplitude of the base
801, and generates track cross pulses as may as the tracks equivalent to

t he anamquntcoﬁpetséngrihétmnoﬁnthefi@ﬁ@ém@t{@ntye©¢rdh@g|hréﬁhﬁtPQﬁ
recordi ng tracks 904 and the vibration anplitude of the base 801. The
track endsthdetvébtrabhonnanpddBudet phit the heagendPhi eendraekergkesstparkes to
the count unit 906. The count unit 906 counts the track cross pul ses for
one ratassopudbeshesdinsy 894thenttraekbasisivélent tot bhéeoamangte
information fromthe notor control unit 908. The neasurenent unit 907

subt r acbmprheingqubher emobht NAff ecoentcbantyrefuthe NEnfobnathed by the count
unit 906, thereby obtaining the vibration anplitude of the base 801 al one.
Then, theopaaayr edavkbravdoandnphet uderasicnnmapeitudéhod thhrkskel 80val ue
which is prepared for each disc type, thereby determ ning a nmaxi num

rotati gpespeadkotrbbe desectoadednot bhe oappiutal tHesgedevated Euatkernore,

when detecting a vibration anplitude by a track
cross pulses to the count unit 906.

The count unit 906 counts the track cross pulses for one
rotation of the disc 804, on the basis of the rotation angle
information from the motor control unit 908. The measurement
unit 907 subtracts the count result N1 from a count result N2
obtained by the count unit 906, thereby obtaining the vibration
amplitude of the base 801 alone.

Then, the measured vibration amplitude is compared with a
threshold value which is prepared for each disc type, thereby
determining a maximum rotation speed of the disc loaded on the
optical disc device.

Furthermore, when detecting a vibration amplitude by a track
counting method, setting of a track count filter according to the
vibration speed becomes important for preventing false count.
Although a method of setting a track count filter for vibration
detection is not general at present, a method disclosed in
Japanese Published Patent Application No. Hei. 8-45089 is known

as a method of setting a track count filter at seeking. To be

specific, an optical disc device disclosed is provided with a PLL



counting nmethod, setting of a track count filter according to the
vibration’speed becones inportant for preventing false count. Although a
nmet hod of setting a track count filter for vibration detection is not
general at present, a nethod disclosedin Japanese Published Patent
Application No. Hei. 8-45089 is known as a nethod of setting a track count
filter at seeking. To be specific, an optical disc device disclosed is
provided with a PLL r 8 circuit for outputting a control frequency
according to the noving speed of an optical head when the optical head is
nmoved tbrcaitafoetontpiekt posia i contorel hereandrase asfcandiopt itealthdi sc by a
thread notor; an F/V conversion circuit for converting the contro

f r equencyingt spaed odf age; opinical rigpd evitn ddte mpidaleheddrisamosindationg a
noi se conmponent included in a ripple signal froman envel ope detection
circui, tahgse fraterpchithon evn sthe susfadmnydacgridialg disa by ol t age
fromthe F/V conversion circuit. Thereby, the cut-off frequency of the

filterthsexyarmnetor acgor B igcdwvé hei aomva gesipe etb ofcdree wpiricdlhéhead. I n the
above- nenti oned conventional nethod for detecting vibration using the
accel egght oAl SENEQLeBOD, istoce thetadgdr adndm rimeld dftddieiah Stildmri ce is
measured using the acceleration sensor, a maximumrotation speed can be
det er ntgedabyes@aPany Ng nbhee neanpsReEnt i nebuddd wir ha ar igpilgd esitdredshol d

value that is independent of the disc type. However, an increase in cost
due tersRuURhLI BEvelopbedaEEEt E6Rt ¢ DRcSENSOIh&YS Bk er sitpmed ctaswpldtfiier
is changed according to the voltage from the F/V conversion
circuit. Thereby, the cut-off frequency of the filter is varied
according to the moving épeed of the optical head.

In the above-mentioned conventional method for detecting
vibration using the acceleration sensor 805, since the vibration
itself of the disc device is measured using the acceleration
sensor, a maximum rotation speed can be determined by comparing
the measurement result with a single threshold value that is
independent of the disc type. However, an increase in cost due
to mounting of the acceleration sensor 805 and a signal amplifier
for amplifying the signal from the acceleration sensor 805 is
considerable. Furthermore, it is necessary to secure a space for
mounting the acceleration sensor 805 and the signal amplifier.

Furthermore, in the conventional method for detecting
vibration using track counting, which is disclosed in Japanese
Published Patent Application No. 2000-113581, measurement of

vibration amplitudes can be carried out with reduced cost and

space, without using an acceleration sensor. However, since



for anplifying the signal fromthe accel eration sensor 805 is

considerable. Furthernore, it is necessary to secure a space for nounting
t he accel eration sensor 805 and the signal anplifier. Furthernore, in the
conventional method for detecting vib®ation using track counting, which is
di scl osed in Japanese Published Patent Application No. 2000-113581,
measurenment of vibration anplitudes can be carried out wth reduced cost
and space, W thout using an accel eration sensor. However, since 9 track
eounting is enployed, if the track pitch of the disc varies, the value of
t he netsakledconbt ftd obs aemb 1o yeld, al §otvar tesckvent chunoerthded ssarevad Igsat i on
condition and, therefore, a threshold value nust be prepared for each of

di scs tieyingluk féereimd heaskredi vibestiandamsphbkidenalst ataniespeezh i s
determ ned by conparison wth each threshold value. However, the vibration
of theuslier tideviame vatbhest depecchdaytbont wed sethengf condid i treshel di sc
device on a system and noreover, the vibration anplitude with which the
user feglge uncottivstpbépadegends eachhef hdbseos skasenqndt £ Berént viaraals
depending on the user. Therefore, a threshold value nmnust be set for each

syst emy oAcHbE chahdlea Ghsgideri £6t4E160 HBeedDUA! @StetiRiYE@IbY SthREatig@shol d
setting varies depending on the |oading condition or the |i1ke of the disc

to be ysed o8chhenrdins1devitee.a Hawaee2DUAL @ibdataonAuUst bren@assr ed,
and the anount of data further increases according to the nunber of disc

types,d@@fé@byaﬁﬂeén@égeﬁaﬂﬁgi§nr69@i5@€tiﬁgréaﬁaﬂ@£@n o the aeidod of

setting a track count Tilter
device on a system, and moreover, the vibration amplitude with
which the user feels uncomfortable depends on the human sense and
so it varies depending on the user. Therefore, a threshold value
must be set for each system on which the disc device is to be
mounted. However, since threshold setting varies depending on
the loading condition or the like of the disc to be used on the
disc device, a large amount of data must be measured, and the
amount of data further increases according to the number of disc
types, whereby enormous time is required.

Furthermore, in the method of setting a track count filter

disclosed in Japanese Published Patent Application No. Hei. 8-
45089, when performing traverse seek, how the seek speed will
change is known in advance because acceleration or deceleration
of the seek speed is carried out according to a speed profile
that has previously been determined, and the response speed to
the change in the filter characteristics can be appropriately set

according to the predetermined profile. However, in the case

where the frequency and the speed change in the frequency are



di scl osed in Japanese Published Patent Application No. Hei. 8- 45089, when
performng,traverse seek, how the seek speed will change is known in
advance because accel eration or deceleration of the seek speed is carried
out according to a speed profile thatlthas previously been deternined, and
t he response speed to the change in the filter characteristics can be
appropriately set according to the predetermned profile. However, in the
case where the frequency and the speed change in the frequency are 10
thanged consi derably due to the eccentricity of the disc or the vibration
anpl i t gdenpedeconsidenahklvodne palthe eorentbiaityrof detecdisn, oftthe
difficult to set the response speed to the <change in the filter

char acvébistics, anpsitudegl i ke f the et vatht cownerpehees efporsbrpeni s t oo
high or too ow. The present invention is nade to solve the above-descri bed
probl edetantdibas foristdidHbjeetttoo psevi dee ancspdosenspenddigcthe
recordi ng/ pl ayback apparatus and a vi bration detection nethod for the

i nf or mnahangediscthecbHi it ey/ phaybackr bpphcat useswhi tiig cim fakssuceunt br ati on
anplitudes with reduced cost and space wi thout using an accel eration
sensor whpar thenregsboase ospded ecs i boo usigly ar sooglewt hreshol d value that is
i ndependent of the disc type, and perform accurate vibration detection
even when diTrectpmserdetiestanyiaons idi tfadeulto. slodlvies tareotaherveshjestir ibfed he
present invention to provide an information disc recording/playback

appar apusbasflsaamibhasi eor dves eshiont ned hototddet e information dise

recor di ng/ pl ayback
recording/playback apparatus and a vibration detection method for
the information disc recording/playback apparatus, which can
measure vibration amplitudes with reduced cost and space without
using an acceleration sensor, perform vibration detection using a
single threshold value that is independent of the disc type, and
perform accurate vibration detection even when direction
detection is difficult.

It is another object of the present invention to provide an
information disc recording/playback apparatus and a vibration
detection method for the information disc recording/playback
apparatus, which can provide a method of controlling the cut-off
frequency of a noise removal filter for track counting most

suited to vibration detection, and perform accurate vibration

detection with less false count.

MEASURES TO SOLVE THE PROBLEMS
According to Claim 1 of the present invention, there is

provided an information disc recording/playback apparatus capable




appar atus, which can provide a nethod of controlling the cut-off frequency
of a poisé€ renoval filter for track counting nost suited to vibration
detection, and performaccurate vibration detection with |ess false count.
MEASURES TO SOLVE THE PROBLEMS Accordildg to Claim1 of the present
tnvention, there is provided an information disc recording/pl ayback

appar atus capable 11 of recording or playing at |east two kinds of
information discs having different track pitches, on which information
recording tracks are forned spirally or concentrically, which apparatus
conpr i sBsreeoxilbung rot aplanimeants Yeast otwr i kigndheof rfnrimatoon dlistcsat a
predeterm ned speed; a reading neans for reading an infornmation signal
from thavithgodi fferénve earls porchies vion whiech rigalth mmep tean s 4o ndiang
direction of the radius of the disc; a track pitch detection nmeans for

det ecttngckheate atkrped cépfal e orf daremattinical ke, fwhoineht eppadagrumt i on
disc; a track cross detection neans for generating track cross signals on
t he basémprdfepl aybdtke st gat Sot hatarms ef geneytzd ethgvhtere tivef gmwedi i neans
crosses the information tracks; a count means for counting track cross

pul sesdipatatre geéest etmbyed hepdsdrka crossintetmednonforarsgdimncn
outputting the count; and a control neans for determning a naxinmm

rotati onrepestidhasidsal onesmt fisd ans@) | &bl we hdured | for dardpringideneof the
i nformation disc recordi ng/ pl ayback apparatus on the basis of the count

and theehfagk REAEH, 10T tHet @1 FRBE N@n o £ Mobxé M0 &b £ Ofhe sk # hattiascl ower

than an al |l owabl e vi bration
pitch detection means for detecting the track pitch of the
information disc from the information disc; a track cross
detection means for generating track cross signals on the basis
of playback signals that are generated when the reading means
crosses the information tracks; a count means for counting track
cross pulses that are detected by the track cross detection means,
and outputting the count; and a control means for determining a
maximum rotation speed that is lower than an allowable vibration
amplitude of the information disc recording/playback apparatus on
the basis of the count and the track pitch, or determining a
maximum rotation speed that is lower than an allowable vibration
speed or vibration acceleration speed of the information disc
recording/playback apparatus on the basis of the count, the track
pitch, and the current disc rotation speed, and controlling the
disc rotation means so that the disc rotation means rotates the
information disc at a speed lower than the allowable maximum

rotation speed to record or reproduce data in/from the disc.

According to Claim 2 of the present invention, the



speed or vibration acceleration speed of the information disc

recor di ng/'pl ayback apparatus on the basis of the count, the track pitch,
and the current disc rotation speed, and controlling the disc rotation
means so that the disc rotation neans li2otates the information disc at a
speed | ower than the all owable maxi num rotation speed to record or
reproduce data in/fromthe disc. According to Caim?2 of the present
invention, the 12 information disc recording/playback apparatus defined in
€aiml further conprises: a track cross direction detection neans for

det ectimfommat hok disssrefoedinafplaybackiappatetys reetfivediin Gdigh  he
readi ng nmeans crosses the information tracks; a rotation angle detection
nmeans fuortloet podhpniseot ad i traahgteoss diorest ion détedieloh steans afdon
means; and the count neans for counting the track cross pulses with signs,
whi ch @secdeirgt £dcbyckt bieos s adkr ectosen det@ita bingretns, dored thisobaisi s of t he
result of the detection by the track cross direction detection neans, and
t he ropat tRNtleagteadfi@rmesne ncoos ped t ede f trofothet ot attaackangt e  detection
means. According to Claim3 of the present invention, the information disc
r ecor di 804 pl ey baskl appet et tisodehémed for Guipnitidigridiest conpingks: a track
cross direction detection neans for detecting a track cross direction

i ndi cat hpgrivbeighr 6et 08 discWoedtide rmeads Ngan@atise CEoOSsSEMédIEs for
information tracks; a track cross speed detection neans for detecting the
frequeggyneinghehet £ 28Kk CELSSs PHhEESs @ifRL 81408, amgl eh detecdévact@ansy f or
the track cross detection means, on the basis of the result of
the detection by the track cross direction detection means, and
the rotation angle information outputted from the rotation angle
detection means.
According to Claim 3 of the present invention, the
information disc recording/playback apparatus defined in Claim 1
further comprises: a track cross direction detection means for
detecting a track cross direction indicating the direction in
which the reading means crosses the information tracks; a track
cross speed detection means for detecting the frequency of the
track cross pulses; a rotation angle detection means for
outputting rotation angle information of the disc rotation means;
and the count means for counting the track cross pulses with
signs, which are detected by the track cross detection means, on
the basis of the result of the detection by the track cross
direction detection means and the rotation angle information

outputted from the rotation angle detection means, while

detecting the track cross direction by the track cross direction



outputting rotation angle information of the disc rotation neans; and the
count , nearls for counting the track cross pulses with signs, which are
detected by the track cross detection neans, on the basis of the result of
the detection by the track cross dirddétion detection neans and the
rotation angle information outputted fromthe rotation angle detection
nmeans, while detecting the track cross direction by the track cross
direction 13 detection neans when the result of the detection by the track
cross speed detection nmeans indicates that the track cross speed is |ower
t han adetedeten merds veher, thadresaht i 0f the detaktiondyy fhe dewckith
signs, without detecting the track cross direction by the track cross

di r ect ¢ pos slespetd ode beanson onedthe badicatods ttet tthe Kk mos crtisecdend t hat
has just previously been detected by the track cross direction detection
nmeans, i gheswéhethas ud t poddé hermted @ cta e byandecduracikng rides topesd aletssct i on
nmeans i ndicates that the track cross speed becones higher than the

pr edet i b @€ 0w ieh uei griecon it ngut od&t et i dg ofhé herarlesandss nlderddtdmn ther e
is provided an information disc recording/playback apparatus capable of
recor dthg ©faPkayidgs adliteasion Wie kédtisomiméaior na i e datiss daving
different track pitches, on which information recording tracks are forned

spiral tya@k €pHsenireation ¥haEhhappfiet Usree sl assern ditsactraat aty on
means for rotating the information disc at a predeterm ned speed; a

readi ngh8®AASck OErb£adiiNHedPioh NiOt OBt LON BéANS) WHaN e risclt afirtiee

means for driving the reading neans in the direction of the radius of the

disc; @et&@€kon by the track cross speed detection means indicates that
the track cross speed becomes higher than the predetermined value.

According to Claim 4 of the present invention, there is

provided an information disc recording/playback apparatus capable
of recording or playing at least two kinds of information discs
having different track pitches, on which information recording
tracks are formed spirally or concentrically, which apparatus
comprises: a disc rotation means for rotating the information
disc at a predetermined speed; a reading means for reading an
information signal from the disc; a drive means for driving the
reading means in the direction of the radius of the disc; a track
pitch detection means for detecting the track pitch of the
information disc from the information disc; a track cross
detection means for generating track cross signals on the basis
of playback signals that are generated when the reading means
crosses the information tracks; a track cross direction detection

means for detecting a track cross direction indicating the

direction in which the reading means crosses the information



pitch detection neans for detecting the track pitch of the information
disc from'the information disc; a track cross detection neans for
generating track cross signals on the basis of playback signals that are
gener ated when the reading neans croddes the information tracks; a track
cross direction detection neans for detecting a track cross direction
indicating the direction in which the readi ng neans crosses the
information 14 tracks; a rotation angle detection nmeans for outputting
rotation angle information of the disc rotation neans, which is divided
into ntracks; farrotetiol @nele delzerblor ossans efoderwnyibhimearstatiion
detecting two areas where the track cross speed has a | owest value, from
anong dhele omfesnaticount teandiforretamiomgueamsk wiiossipudisesdadt h
signs, which are detected by the track cross detection neans, on the basis
of theifiesuhtanéas htordetreet fomationt he 1emckecrosssadéa ede¢ tont det eutdron
means and the rotation angle information outputted fromthe rotation angle
det ectfon deeastinghive astedsstungré hehs rackckrossssli spetd amadya thevdstack
cross direction detection neans, in an area where the track cross speed

has t hgal@yestroml arowgcotidimgateashearesuht méahhefoet estnoimdytradie zero
cross area detection neans, counting the track cross pulses with signs,

W t houtrges estii 88s theth r acdn€r osisi ch r £€¢ | @otbyted sy t tihektcadsscxbsect i on
detection neans, on the basis of the track cross direction that has just

previ ogstycbesn HeL8S) eshbyhetbesisask €roSBedhlecsf othdedecétoromaans, in

an area where the track cross spéed does not have the | owest val ue

according tPatRecross direction detection means and the rotation angle
information outputted from the rotation angle detection means,
while detecting the track cross direction by the track cross
direction detection means, in an area where the track cross speed
has the lowest value according to the result of the detection by
the zero cross area detection means, counting the track cross
pulses with signs, without detecting the track cross direction by
the track cross direction detection means, on the basis of the
track cross direction that has just previously been detected by
the track cross direction detection means, in an area where the
track cross speed does not have the lowest value according to the
result of the detection by the zero cross area detection means,
and outputting the count; and a control means for determining a
maximum rotation speed that is lower than an allowable vibration
amplitude of the information disc recording/playback apparatus on
the basis of the count and the track pitch, or determining a

maximum rotation speed that is lower than an allowable vibration

speed or vibration acceleration speed of the information disc



result of the Qetection by the zero cross area detection neans, and
outputting the count; and a control neans for determning a naxinmm
rotation speed that is |lower than an all owable vibration anplitude of the
i nformation di sc recording/playback ag@aratus on the basis of the count
and the track pitch, or determining a maxinmumrotation speed that is |ower
than an all owabl e vibration speed or vibration accel eration speed of the

i nformation disc 15 recordi ng/ pl ayback apparatus on the basis of the count,
the track pitch, and the current disc rotation speed, and controlling the
di sc roeavrdhngéphaysack happrahetws sen richathan sreahsthoterwst t hghe track
information disc at a speed |ower than the all owable maxi mum rotation
speed pbdtceeoaddotheepuodene dbs@ rotdriom t$eeedsandoomitiagl iy Gilteg m 5 of
the present invention, there is provided an information disc,

recor dihgéptaybatkn appanat sis cClapabtlee &fsc ecotraliign aregplayrottptads [Hast two
ki nds of information discs having different track pitches, on which

i nf ormahFopmaetondingc &t askspered Iowardtisqm righd ya browaimbeniax iabh y, which
apparatus conprises: a disc rotation neans for rotating the information

di sc atoaapiefdespestined spe€Hd Gr I eash c@ua®adst 4 oin f £ash ngheandidaf or mat i on
signal fromthe disc; a drive neans for driving the reading neans in the

direction ofaddwrdiaty us dldike dic¥ithe tpraglentpiintentabect itbereedns for
detecting the track pitch of the information disc fromthe information

di sc; prbiraakdCaASSnfEehLEL bQNd IBaNSe EOFd UEHAS PAVITGCK I aSkKa €4105S SdgHlales on

the basis of playback signals that are generated when the readi ng neans
of recording or playing at least two kinds of information discs
having different track pitches, on which information recording
tracks are formed spirally or concentrically, which apparatus
comprises: a disc rotation means for rotating the information
disc at a predetermined speed; a reading means for reading an
information signal from the disc; a drive means for driving the
reading means in the direction of the radius of the disc; a track
pitch detection means for detecting the track pitch of the
information disc from the information disc; a track cross
detection means for generating track cross signals on the basis
of playback signals that are generated when the reading means
crosses the information tracks; a track cross direction detection
means for detecting a track cross direction indicating the
direction in which the reading means crosses the information
tracks; a rotation angle detection means for outputting rotation
angle information of the disc rotation means, which is divided
into n areas for one rotation; a zero cross area detection means

for detecting two areas where the track cross speed has a lowest,



crosses the information tracks; a track cross direction detection neans
for detect'ing a track cross dlrectlon indicating the direction in which

t he readi ng nmeans crosses the information tracks; a rotation angle
detection neans for outputting rotatid angle i nformation of the disc
trotation neans, which is divided into n areas for one rotation; a zero
cross area detection neans for detecting two areas where the track cross
speed has a | owest, 16 value, fromanong the n areas; a count neans
Fncluding a first count neans for counting track cross pul ses with signs,
whi ch @ Bue def ect eainduyg t tiee tm atkexs 0Ss ctre tneam sreans] udimd e Hasits of the
result of the detection by the track cross direction detection neans and

t he r otahnomesngs efonf ooumt 1myn Ord lat ¢eols $ rom $de with adigrs angliechdetrct i on
means, and a second count neans for counting the track cross pul ses

det ectggl- bytédiebyreck trask cresecdéosctbansneand hoart tded dstsing dthecte ack
cross direction, on the basis of the rotation angle information outputted

from thesulotati the angtecdedechy Orh&reansck Wit €s colmdctbansdeatdatiinm a first
count of the first count neans when the drive neans is disabled and the

informaésng ghgcthoagdetaeoh hgnglscinpdahaOlomeansphsted ofiectkheobt ai ns a
second count in which a sign is added to the count of the second count

means, r 8fat hen bagd §e0rfieEQ§t161@CIKe§ﬁ§§San&“ 4 €64 EOHd Wb e hasar distopr evi ously
been detected by the track cross direction detection neans, when the drive

means Lsuft$RY! ede @chkhérbéléOf?lﬁﬁééémdéitéété@@gﬁdu@é\ thecidi sogot at i on
nmeans is rotated, selects the first count in an area where the track cross

detection means, without detecting the track cross direction, on
the basis of the rotation angle information outputted from the
rotation angle detection means, which count means obtains a first
count of the first count means when the drive means is disabled
and the information disc loaded on the disc rotation means is
rotated, obtains a second count in which a sign is added to the
count of the second count means, on the basis of the track cross
direction which has just previously been detected by the track
cross direction detection means, when the drive means is disabled
and the information disc loaded on the disc rotation means is
rotated, selects the first count in an area where the track cross
speed has the lowest value according to the result of the
detection by the zero cross area detection means, selects the
second count in an area where the track cross speed does not have
the lowest value according to the result of the detection by the
zero cross area detection means, and counts the track cross
pulses for every rotation angle and outputting it; and a control

means for determining a maximum rotation speed that is lower than




speed has the | owest val ue according to the result of the detection by the
zero cross,area detection neans, selects the second count in an area where
the track cross speed does not have the |owest value according to the
result of the detection by the zero difoss area detecti on neans, and counts
the track cross pulses for every rotation angle and outputting it; and a
control neans for determning a maximumrotation speed that is | ower than
17 an all owabl e vibration anplitude of the information disc
recordi ng/ pl ayback apparatus on the basis of the counts and the track

pi t ch, aora detwalpd @i wWoza tracdl namip k btad¢ opf speedinrfarmation gh$Ct han an

al l owabl e vibration speed or vibration acceleration speed of the

i nf or ma¢ cond thgp Il avoadk napphaybas koappae dpasisno f hehe begist ofandhetrdunt s,
the track pitch, and the current disc rotation speed, and controlling the
di sc rotatkopitelansosodé batminheg da swaxbnami oot abaos speadeshathels
information disc at a speed |ower than the allowable maxi numrotation
speed loweecthishosn s#kpowabte dibaatindhrspeétiecdi stbratton daogetordt bdm 6
of the present invention, in the information disc recording/playback

appar agpsededf nele i Infdahat donodisc teeordinyyphapbgte apparsion-omanse
divides the rotation angle information of the disc rotation neans into six
areas pggiseachtheot avyhnbs, abe outpok spibehdi shdethénéorrmaht odisand the zero
cross area detection nmeans detects, as zero cross areas, an area where the

count pbthheosouptedpagndhasnt helsimy| ehé dbkuerosatien maara sm that agonal
line wwth respect to the area.
the disc rotation means rotates the information disc at a speed
lower than the allowable maximum rotation speed to record or
reproduce data in/from the disc.

According to Claim 6 of the present invention, in the
information disc recording/playback apparatus defined in Claim 4
or 5, the rotation angle detection -means divides the rotation
angle information of the disc rotation means into six areas for
each rotation, and outputs the divided information; and the zero
cross area detection means detects, as zero cross areas, an area
where the count of the count means has the smallest value, and an
area on a diagonal line with respect to the area.

According to Claim 7 of the present invention, there is
provided an information disc recording/playback apparatus capable
of recording or playing at least two kinds of information discs
having different track pitches, on which information recording
tracks are formed spirally or concentrically, which apparatus

comprises: a disc rotation means for rotating the information

disc at a predetermined speed; a reading means for reading an



According to Caim?7 of the present invention, there is provided an

i nforpatidpn di sc recordi ng/ pl ayback apparatus capable of recording or

pl aying at | east two kinds of information discs having different track
pitches, on which information recordid§ tracks are forned spirally or
concentrically, which apparatus conprises: a disc rotation neans for
rotating the information disc at a predeterm ned speed; a readi ng neans
for reading an 18 r information signal fromthe disc; a drive neans for
driving the reading nmeans in the direction of the radius of the disc; a
track ipfdéohaidbdmcsigmarefimsn fiore dbtswt isnginine memtle giar Mwifvinge the
information disc fromthe information disc; a track cross detection neans
for genezdtnqomésmskinridss dignatisormf hdasidiunfohlEdybaticsi gndlmakhat
are generated when the reading means crosses the information tracks; a
count peacls detecoidmt imegans abkr dstosst i sgwe tthackanes W8t exf dthdy the track
cross detection neans, and outputting the count; and a control neans for,
usi ng, imsothet i e UL sc af torf f e e nioef dystatsieon tdissd r eckcradsscmmmt that i s
obt ai ned when the information disc is rotated at a first rotation speed

and atdteastionemsghat fon gpeechthng tsadk ghessd haigrdies dn rigie e sats on
speed, and a count that is neasured with the at |east one rotation speed

hi gherothgnaybgcki § s§nsDé athodn speegene et WHdMtite Moddig muats on speed

that is lower than an allowable vibration anplitude of the information

disc ¢e6o5dinghsl axbaska ePPAr talskoON 4 heobasisedls ther cosuritang theck
cross pulses that are detected by the track cross detection means,
and outputting the count; and a control means for, using, as the
count, a difference between the track cross count that is
obtained when the information disc is rotated at a first rotation
speed and at least one rotation speed that is higher than the
first rotation speed, and a count that is measured with the at
least one rotation speed higher than the first rotation speed,
determining a maximum rotation speed that is lower than an
allowable vibration amplitude of the information disc
recording/playback apparatus on the basis of the count and the
track pitch, or determining a maximum rotation speed that is
lower than an allowable vibration speed or vibration acceleration
speed of the information disc recording/playback apparatus on the
basis of the count, the track pitch, and the current disc
rotation speed, and controlling the disc rotation means so that
the disc rotation means rotates the information disc at a speed

lower than the allowable maximum rotation speed to record or

reproduce data in/from the disc.



track pitch, or determning a maximumrotation speed that is |ower than an
al | onabl e 'vi brati on speed or vibration acceleration speed of the

i nformation disc recordi ng/ pl ayback apparatus on the basis of the count,
the track pitch, and the current discl%otation speed, and controlling the
disc rotation neans so that the disc rotation nmeans rotates the
information disc at a speed |ower than the allowable maxi mnumrotation
speed to record or reproduce data in/fromthe disc. 19 According to Claim
8 of the present invention, in the information disc recording/playback
appar at us dédavediing GlaaiGhadm 8 o ftihes onestestti dmvepdddn s 1a heficiently

| ow speed at which no vibration occurs between the information disc and

t he readfogmatkansdiandréberdiagketayisachuasparates tdefhre@cber¥dgitles of
the information disc and the disc rotation neans are counted. According to
Cl ai m ghef fihet presenionngpatdons ansthficiefhblynaiownsgiksd at which no
recordi ng/ pl ayback apparatus defined in aim?7, the count neans counts
the tratkretdss putses hétwhenfthstinfotmatbonspeed dwd theressdierg ned
nunber of tinmes, and counts the track cross pulses with the at |east one
rot ati peagpeedntihahe tsabkgbessthanlsbe duestorvhateovespeedtias dhe
predeterm ned nunber of tinmes; and the control neans enpl oys, as the

count, tpA iAvYermgeieh @oystsnfothavdesthastateohi meanshied asenised ect ed
from anong the counts obtai ned by the above-described repetition, or a

val ue in propididimd acd e Averags Aee Prddht dridiaaitncl) dh the present

i nvention, in the
information disc recording/playback apparatus defined in Claim 7,
the count means counts the track cross pulses at the first
rotation speed for a predetermined number of times, and counts
the track cross pulses with the at least one rotation speed that
is higher than the first rotation speed, for the predetermined
number of times; and the control means employs, as the count, an
average of counts for more than one time, which are selected from
among the counts obtained by the above-described repetition, or a
value in proportion to the average.

According to Claim 10 of the present invention, in the
information disc recording/playback apparatus defined in Claim 7,
the rotation angle detection means outputs the rotation angle
information of the disc rotation means, which is divided into six
areas for one rotation, and when a difference between the track
cross count measured at the first rotation speed with each of the
six-divided rotation angles, and the track cross count which is

measured with the at least one rotation speed higher than the

first rotation speed is as follows:



information di sc recording/playback apparatus defined in daim?7, the
rotatjon dpngle detection nmeans outputs the rotation angle information of
the disc rotation nmeans, which is divided into six areas for one rotation,
and when a difference between the tra@lk cross count neasured at the first
frotation speed with each of the six-divided rotation angles, and the track
cross count which is neasured with the at | east one rotation speed higher
than the first rotation speed is as follows: 20 DAT[n] =

DAT[ 0], DAT[ 1], DAT[ 2], DAT[ 3], DAT[ 4] , DAT[5] (when n>5, n = n nod 6 (a

remai nder OATinbernQARI[ 0] dBATHY ] 6PAT [2heDBDNBt oPAHEAhsDHB{ 81 M nes a maxi mum
rotation speed that is |ower than the all owabl e anplitude of the

i nf or mat i onwtleacn>becar di nghpHagbdekrappandeuspfon bainpadividédabyable in
proportion to a vibration anount 1 or a vibration anobunt 2, or a value in
proporthencéwtitde wsemosnddeoyeninds tdeanas bmat i wrnt anmmtsdeedrtiate isecond
power of the vibration amount 2, and the track pitch, the vibration
anmount Sove AiNth 2Zn bEhd0a I Bpwaisent @b Bstud®l d Dwdie (Frofornet ilY) ddidar at i on
anmount 1[ n] = DAT[ n] 2+DAT[ n] DAT[ n+1] +DAT[ n+1] 2 3 VI vibration anmount 2[n] =
1 DAT[ pd@ord DAJ )] BATE Ok +tadara t¥d] rort 2@ badi Acsoralivglue i@ ai m 11 of the
present invention, I1n the i1nformation disc recording/playback apparatus
definegrbpoft 8bM 48, a vibration amount 1 or a vibration amount 2, or a

value in proportion to the second power of the vibration amount 1
or the second power of the vibration amount 2, and the track
pitch, the vibration amounts 1 and 2 being represented as
follows:

(Formula 12)

vibration amount I1n]= 72_3—\/| DAT[nY + DAT[n)DAT[n+1]+ DATIn +1}* |

(Formula 13)

vibration amount 2[n]= %\A DAT(n}* — DAT[mDAT[n + 2]+ DAT[n + 2F |

According to Claim 11 of the present invention, in the
information disc recording/playback apparatus defined in Claim 10,
the control means determines a maximum rotation speed that is
lower than the allowable amplitude of the information disc
recording/playback apparatus, on the basis of a value in
proportion to an average of twelve vibration amounts 1 or
vibration amounts 2 which are calculated for n=0~5 according to
(Formula 12) or (Formula 13), and the track pitch, or a value in

proportion to an average of m pieces of central values selected




the control means determnes a maximumrotation speed that is |ower than
the allowabl e anplitude of the information disc recording/playback
apparatus, on the basis of a value in proportion to an average of twelve
vibration amounts 1 or vibration amo@its 2 which are cal cul ated for n=0-5
according to (Forrmula 12) or (Formula 13), and the track pitch, or a value
in proportion to an average of m pieces of central values selected 21 from
anong the twelve vibration amounts 1 or vibration anobunts 2, and the track
pitch, or a value in proportion to an average of m pieces of central

val uest s@h eztiany f iven twel vecotllr poien sardunte 1 teel widna e iaswpwisuts 1
or vibration anounts 2, and the track pitch. According to Caim112 of the
presendnd ntleattoack ipitde, dnfarvelvweniniscopecviat iy paydedte g at us
defined in Caim7, the rotation angle detection neans divides the

rot at ipheadgl €f coaforantvahued sdbedisd fodmtiloem sweorsd ipnwerss ofartdes for
one rotation, and outputs the divided rotation angle information; and

when atwk fferetiseaboinesnoties tt ask cilosst townimedmich 2,5 add diled-ratk t he
first rotation speed for each of the six-divided rotation angles, and the
track gie8s. count which is obtained with the at |east one rotation speed
hi gher than the first rotation speed is represented by DAT[n] =

DAT[ 0] , DAT[ hodAHizly BAT[AkiRATA o DAHSprieseeit irventisny todthe(a

remai nder of n being divided by 6), and the rotation speed of the disc

rotati oRroBAREi b8 V8] FOSdrding/playback apparatus defined in Claim 7,
the rotation angle detection means divides the rotation angle
information of the disc rotation means into six areas for one
rotation, and outputs the divided rotation angle information; and
when a difference between the track cross count which is obtained
at the first rotation speed for each of the six-divided rotation
angles, and the track cross count which is obtained with the at
least one rotation speed higher than the first rotation speed is
represented by

DAT[n] = DAT([O],DAT([1],DAT[2],DAT([3],DAT[4],DAT[5]

(when n>5, n = n mod 6 (a remainder of n being divided by 6),
and the rotation speed of the disc rotation means is Vrpm[rpm],
the control means determines a maximum rotation speed that is
lower than the allowable amplitude of the information disc
recording/playback apparatus, on the basis of a value in
proportion to a vibration speed 1 or a vibration speed 2, or a
value in proportion to the second power of the vibration speed 1
or the second power of the vibration speed 2, and the track pitch,

the vibration speeds 1 and 2 being represented by



the control megns determnes a maximumrotation speed that is |ower than
the allowabl e anplitude of the information disc recording/playback
apparatus, on the basis of a value in proportion to a vibration speed 1 or
a vibration speed 2, or a value in p2@&ortion to the second power of the
vi bration speed 1 or the second power of the vibration speed 2, and the
track pitch, the vibration speeds 1 and 2 being represented by 22 (Fornul a
14) vibration speed 1 [n]= 2 60'x"" 2 73 | DAT[n] Z +DAT[ n] DAT[ n+1] +DAT[ n+1] z
(Formul a 15) vibration speed 2 [n] = 2 60rp'" | DAT[n]z

- DAT[ n] DATunk2] HOAT[ n+2] a 73 According to Claim 13 of the present

i nvention, in the |nfornat|on di sc recording/ pl ayback apparatus defined in

Claim 12, the control neans ernk is
| over thaprabeosnl ép&\adi)lb[zahff)lf—t—u% jltLhéT[m]ﬁfﬁM[n]iMﬂ[rsleDAT[n+1] |

recor di ng/ pl ayback appar at us, ba5|s of a value in proportion to an
average of twelve vibration speeds 1 or vibration speeds 2 which are

cal cul aregmhib&s n5P"-5 according to (Fornula 14) and (Formula 15),
respectively, and the track pitch, or a value in proportion to an average
of mpieces of central value ﬂ§ele ted fromthe values of the twelve
vibrati gnpspeeds dped ¥iRration?s DAT[hd DA R\DAT p21-€DATHn +2]Vjal ue
in proportion to an average ofttn pi3eces of ‘central val ues selected from
t he second powers of the twelve vibration speeds 1 or the second powers of

the vibrati ax&heEe¢Yy 2o MG ihe 3 FCkhR iesent invention, in the

information disc recording/playback apparatus defined in Claim 12,
the control means determines a maximum rotation speed that is
lower than the allowable amplitude of the information disc
recording/playback apparatus, on the basis of a value in
proportion to an average of twelve vibration speeds 1 or
vibration speeds 2 which are calculated for n=0~5 according to
(Formula 14) and (Formula 15), respectively, and the track pitch,
or a value in proportion to an average of m pieces of central
values selected from the values of the twelve vibration speeds 1
or vibration speeds 2, and the track pitch, or a value in
proportion to an average of m pieces of central values selected
from the second powers of the twelve vibration speeds 1 or the
second powers of the vibration speeds 2, and the track pitch.
According to Claim 14 of the present invention, in the
information disc recording/playback apparatus defined in Claim 7,
the rotation angle detection means divides the rotation angle
information of the disc rotation means into six areas for one

rotation, and outputs the divided rotation angle information; and



According to Caim 14 of the present invention, in the information disc
recor di ng/'pl ayback apparatus defined in CCaim7, the rotation angle
detection neans divides the rotation angle information of the disc
rotation neans into six areas for one23rotation, and outputs the divided
rotation angle information; and 23 when a difference between the track
cross anobunt which is neasured at the first rotation speed for each of the
six-divided rotation angles, and the track cross amobunt which is nmeasured
with the at | east one rotation speed higher than the first rotation speed
i s represens edi bfe DéT¢e ] bet it GhATfadk DAY ,aDTrd] WhA,cH 4]s DAT[ 5] (when
n>5, n =n nod 6 (a remai nder of n being divided by 6), and the rotation
speed méatheedi st tiod af i 09t nEeinst icn \Sgwdd pidy, eadie arithenls ineadisrided
determ nes a maxi mumrotation speed that is |ower than the all owabl e

anpl i t yeea©foh hend Déof natid othali tscack emrsh ngdqplraty béacilkehappametamsiregh t he
basis of a value in proportion to a vibration acceleration 1 or a

Vi br atj0fn BEEELEr BéAON Fne OfottatvBdiespaedriopshdr dihdro ttihe Siexdnd power of
the vibration acceleration 1 or the second power of the vibration

accel epgtLefor, spRddt he t&pgeksated by he vibration accelerations 1 and 2
being represented by (Fornula 16) vibration acceleration 1[n]= (2 6 P"")2 |
DAT[ n] Z +DAHNTHPAH DaklbPABRrt1l /DAT(BOL DRIa317/DAT[4], DAT[5]
(when n>5, n = n mod 6 (a remainder of n being divided by 6),

and the rotation speed of the disc rotation means is Vrpm[rpm],

the control means determines a maximum rotation speed that is

lower than the allowable amplitude of the information disc

recording/playback apparatus, on the basis of a value in

proportion to a vibration acceleration 1 or a vibration

acceleration 2, or a value in proportion to the second power of

the vibration acceleration 1 or the second power of the vibration

acceleration 2, and the track pitch, the vibration accelerations

1 and 2 being represented by

(Formula 16)

vibration acceleration 1l[n]=

27V, , 2

(—7531)'7§

(Formula 17)

J| DAT[n]? + DAT[nIDAT(n + 1]+ DATIn +11* |

vibration acceleration 2[n]=

27V 2 2

=) 7_3—J| DAT(n) - DATInDAT[n + 2]+ DAT[n +2]* |

According to Claim 15 of the present invention, in the



vi bration acceleration 2[n]= 2 6 rnm2 | DAT[n] 2 - DAT[ n] DAT[ n+2] +DAT[ n+2] 2
According to Claim15 of the present invention, in the 24 information disc
recordi ng/ pl ayback apparatus defined in Caiml1l4, the control neans
determnes a nmaximumrotation speed tRdt is |ower than the all owabl e
anplitude of the information disc recording/playback apparatus, on the
basis of a value in proportion to an average of twelve vibration
accelerations 1 or vibration accelerations 2 which are calculated for
n=0"-5 according to (Formula 16) and (Fornula 17), respectively, and the

t r ack ipificaimatorora disd aierdao piioppinliaybaak armastage dsff imesi deeSladm ddnt r al
val ues selected fromthe values of the twelve vibration accelerations 1 or
vi br attiton cuacelEr atdaons & tamdiride a traackny tiohta torora spsage thatprisporti on
to an average of mpieces of central values selected fromthe second

power s .gifert hthdmedive a Midwaes i namgelcieiedeatd Dnshel iorfdrme tsiecornd sgower s of t he
twelve vibration accelerations 2, and the track pitch. According to Caim
16 of e iBsedld et i fpatdtudie or nftos matdion aff sc vadawr dimng/ pl ayback
apparatus defined in Caiml, the track pitch detection neans detects the
type gfrdprdopdeds dnforemddon fisiel vandrisatacicn addaokgtiicts 1 or
corresponding to the detected disc type, with reference to a table in

whi ch shandard, rack. PitLhes £am Pk Nt theed egpegidorest ypes of the
i nformation discs are described. According to Claim17 of the present

inventd dhrd1€y to (Formula 16) and (Formula 17), respectively, and the
track pitch, or a value in proportion to an average of m pieces
of central values selected from the values of the twelve
vibration accelerations 1 or vibration accelerations 2, and the
track pitch, or a value in proportion to an average of m pieces
of central values selected from the second powers of the twelve
vibration accelerations 1 or the second powers of the twelve
vibration accelerations 2, and the track pitch.

According to Claim 16 of the present invention, in the
information disc recording/playback apparatus defined in Claim 1,
the track pitch detection means detects the type of the loaded
information disc, and selects a track pitch corresponding to the
detected disc type, with reference to a table in which standard
track pitches corresponding to the respective types of the
information discs are described.

According to Claim 17 of the present invention, the
information disc recording/playback apparatus as defined in Claim
1 further comprises: a move distance detection means for

detecting the distance by which the reading means moves; and the



information di sc recordi ng/ pl ayback apparatus as defined in Claim 1
further conprises: a nove distance detection neans for detecting the

di stance by which the readi ng neans noves; and the 25 track pitch detection
means for making the reading neans no¥é for a predeterm ned period of tine
or by a predeterm ned di stance when the information disc is |oaded,
counting the nunber of tracks the reading neans crosses while it is

novi ng, and detecting the track pitch on the basis of the nove distance
and the track cross count. According to Caim218 of the present invention,
the itf&ckgsitrh réeosal gl pherira cio mppaitiatqistidefremwting @aismove Urather
conprises: a linear speed detection neans for detecting the |linear speed
of theaipfedendimimet Sesritod qf aybeclospeed mieddetdom medhnslidtamaet ect i ng
the current playback speed of the information disc; and the track pitch
det ecti98n NeRd sid B rmed @ul did gl 4 hwddatk qiurcthiod the nuflpemetf on di sc,
on the basis of the detected type of the information disc, the |inear

speed gfackherhaf asaminPmmahise deseededibyl d het | ihensvipgedantet ecti on
means, the playback speed detected at a predeterm ned rotation speed and

a predetesst ey addressck ther ¢ aslet@idn mesh ¢ od At 100 fpeediidtence and
predeterm ned address, the innernost radius of data area which is unique

to thergdetesied typss ofoddye, disc, and the data rate when the disc is

pl ayed at the predeterm ned playback speed which is wunique to the type of

the disc. AeeQidifidt @0l 980k 1t hePpeeRRnt NvRHtAdn,t Reee i S
information recording/playback apparatus defined in Claim 1
further comprises: a linear speed detection means for detecting
the linear speed of the information disc; a a playback speed
detection means for detecting the current playback speed of the
information disc; and the track pitch detection means for
calculating the track pitch of the information disc, on the basis
of the detected type of the information disc, the linear speed of
the information disc detected by the linear speed detection means,
the playback speed detected at a predetermined rotation speed and
a predetermined address, the predetermined rotation speed, the
predetermined address, the innermost radius of data area which is
unique to the detected type of the disc, and the data rate when
the disc is played at the predetermined playback speed which is
unique to the type of the disc.

According to Claim 19 of the present invention, there is

provided an information disc recording/playback apparatus capable

of recording or playing an information disc on which information

recording tracks are formed spirally or concentrically, which




provi ded an information disc recording/pl ayback apparatus capable of
recordi ng ‘or playing an information disc on which information recording
tracks are formed spirally or concentrically, which 26 apparatus conpri ses:
a disc rotation neans for rotating the&éinformation disc at a predeterm ned
speed; a reading nmeans for reading an information signal fromthe disc; a
drive neans for driving the reading neans in the direction of the radius
of the disc; a track cross detection neans for generating track cross

pul ses on the basis of playback signals that are generated when the

r eadi ngpprAAsSuUEr os8psithe: i af oi sat rovatiankseans vest abbeatingtee neans for
preventing counting of pul ses whose widths are narrower than a set val ue,

anong theotmackofir a$scput sespradevennins@agseédr & ovedd gy theaps| Ses
outputted fromthe variable filter neans; and a control neans for

det er nkBhAYNng HAXiABOTHAt 8bHhOBigaREedrbnathé sdlovera tdbtvanmeihovedt e
nunber of track crosses of the information disc recording/pl ayback

appar ajusvoAgt BReb28h8i8f mEhBsCOHNERe 081 HEEEL Hh Nb ATt IBe NMBXA U 6O Bl ON
speed that iS lower than an allowable track cross speed or track cross

accel egation, efatheckBEQr ABEEER: §hSRehREOLSE NGLREAYPBEK BPRAK akHSsON the
basis of the count and the current disc rotation speed, and controlling

the dL281é@gaghoehaEEagiéookhaiaybscﬁi§§%ﬁ91§t£9@tn@@@sgéﬁé@aeéd hén
infornmation disc at a speed |lower than the all owabl e maxi mum rotation

speed tQ.r ee9RINGr mEERE0AUEEsdat anbnifEQPhEREoHi FacEC0s dyAg: 491 & ai m 20

of the present invention, the information disc recording/playback
appara%?itg§fh@§ﬂs'@oglﬁkgbégting counting of pulses whose widths are

narrower than a set value, among the track cross pulses; a count
means for counting the pulses outputted from the variable filter
means; and a control means for determining a maximum rotation
speed that is lower than an allowable number of track crosses of
the information disc recording/playback apparatus on the basis of
the count, or determining a maximum rotation speed that is lower
than an allowable track cross speed or track cross acceleration
of the information disc recording/playback apparatus on the basis
of the count and the current disc rotation speed, and controlling
the disc rotation means so that the disc rotation means rotates
the information disc at a speed lower than the allowable maximum
rotation speed to record or reproduce data in/from the disc.
According to Claim 20 of the present invention, the
information disc recording/playback apparatus defined in Claim 19,
further comprises: a track cross direction detection means for
detecting the track cross direction which indicates the direction

in which the reading means crosses the information tracks; a



further conprisges: a track cross direction detection neans for detecting
the track cross direction which indicates the direction in which the
readi ng means crosses the information tracks; a 27 rotation angl e detection
means for outputting rotation angle 2 ormation of the disc rotation
feans; and the count neans for counting the track cross pulses with signs,
whi ch are detected by the track cross detection neans, on the basis of the
result of the detection by the track cross direction detection neans and
the rotation angle information outputted fromthe rotation angle detection
means. ré&c&ot o ngnd be Glat ex Rilowfmédnes pfes emttpuveing omotathiter dasglerovi ded
an information disc recordi ng/pl ayback apparatus capable of recording or

pl ayi ngn adriat boesd £ obhdi dtsonrabd thoh nheanmt i and tlee ccoimy neackstar e
formed spirally or concentrically, which apparatus conprises: a disc
rotati esuReansg te tpidki Bgoshepul néorwhthonighsc wihieh prededetredined speed;
a reading neans for reading an information signal fromthe disc; a drive

neans £Re te&tNi BgokHedéeadt hon eaass j not hehedlibest & onf ofhé heesadt ust of t he
disc; a track cross detection neans for generating track cross pulses on

the bashs @éteteybackystpeatsathatrase geneceied abeactibe meads ngndreans
crosses the information tracks; a variable filter neans for preventing

counti pgeOfo Pyt S68 ¥HGSE YheEbPRaBi6n SatpOVEsd! hasnatset ryeh titon aamyle t he
track cross pulses; a track cross direction detection neans for detecting

thedpraggeggggﬁ mdifgction which indicates the direction in which the
readi ng

According to Claim 21 of the present invention, there is
provided an information disc recording/playback apparatus capable
of recording or playing an information disc on which information
recording tracks are formed spirally or concentrically, which
apparatus comprises: a disc rotation means for rotating the
information disc at a predetermined speed; a reading means for
reading an information signal from the disc; a drive means for
driving the reading means in the direction of the radius of the
disc; a track cross detection means for generating track cross
pulses on the basis of playback signals that are generated when
the reading means crosses the information tracks; a variable
filter means for preventing counting of pulses whose widths are
narrower than a set value, among the track cross pulses; a track
cross direction detection means for detecting the track cross
direction which indicates the direction in which the reading
means crosses the information tracks; a rotation angle detection
means for outputting rotation angle information of the disc

rotation means; a count means including a first count means for




means crosses the information tracks; a rotation angle detection neans for
outputting.rotation angle information of the disc rotation means; a count
means including a first count means for 28 counting the track cross pul ses
with signs, which are outputted fromZée filter nmeans, on the basis of the
result of the detection by the track cross direction detection neans and
the rotation angle information outputted fromthe rotation angle

detection neans, and a second count neans for counting the track cross

pul ses outputted fromthe filter neans, w thout detecting the track cross
di r ect conntongt beebhsackofrose potses onl blngs LIns nfdriel i ofe RHERHEERE fr om
the rotation angle detection neans, which count nmeans obtains the count of
t he fifsomothsefbhtleromaans neamstinbepasis i of ttke veswet dfcodumt is set for
setting an initial value of the variable filter nmeans, a value of the

vari abletéctien bg ské bnathechasssdbfethionodeteanton eezng rand thet ati on
speed, the drive neans is disabled, and the information disc |oaded on the
di sc rebahtbonneagsei snfotmbetoat oatppt eeét Erom nelte riobtaa § bon speels and
repeats the process of obtaining the count of the first or second count
means wbescthen mehie, ohntihe yatovndl eofinttesans et eouhtheyitiortmadlon
disc is rotated at the predeterm ned speed, for a required nunber of

times, ckbesepplabsabntpgttbe €oomt shéofibbee ndans pnelitlodat i datechiny a
control neans for determining a naxinumrotation speed that is |ower than

an al | ppabkeanumbessef di rackienpssasthé baeisivfotmatioratise angle

recor di ng/ pl ayback apparatus on the basis of the
information outputted from the rotation angle detection means,
which count means obtains the count of the first or second count
means when an initial value of count is set for setting an
initial value of the variable filter means, a value of the
variable filter is set on the basis of the count and the current
rotation speed, the drive means is disabled, and the information
disc loaded on the disc rotation means is rotated at a
predetermined rotation speed, and repeats the process of
obtaining the count of the first or second count means when the
value of the variable filter is set and the information disc is
rotated at the predetermined speed, for a required number of
times, thereby obtaining the counts for more than one rotation;
and a control means for determining a maximum rotation speed that
is lower than an allowable number of track crosses of the
information disc recording/playback apparatus on the basis of the
count, or determining a maximum rotation speed that is lower than

an allowable track cross speed or track cross acceleration of the

information disc recording/playback apparatus on the basis of the




count, or determning a maxi numrotation speed that is |ower than an

al l owabl e track cross speed or track cross acceleration of the information
di sc recordi ng/ pl ayback apparatus on the basis of the 29 count and the
current disc rotation speed, and cont28l ling the disc rotation nmeans so
that the disc rotation neans rotates the information disc at a speed | ower
than the all owabl e maxi nrum rotation speed to record or reproduce data
inffromthe disc. According to Claim22 of the present invention, in the
i'nformati on disc recording/playback apparatus defined in Claim21, the
count amans ait ails dheradundisf tdimtfiostspermt anshmpnviienl Lite thed ue of
the variable filter is set on the basis of the count and the current

r ot at idiins spesth t 1dre mrarnve sweartsat sthth sdibd @ do taaidi ont heeand arotwttieon thesc

| oaded on the disc rotation nmeans is rotated at a predeterm ned rotation
speed,irgfsknmepeat dide o ccessead lobdinittharg the aldiowaldfe treex fiumst count
means when the information disc is rotated at the predeterm ned speed, for

a requidtetc uheseedftd i FRSord her ebypoddwtai degk 4 hien CHhtoni stfeordinnr.e than one
rotation. According to Caim23 of the present invention, in the

i nf or mat i onadiceediagordi ngaphayhack appabakysndefinveatinonC anmtRd or 22,
when setting the value of the variable filter on the basis of the count

and t hgn £aFH £ o A B d OFe SPREThg// P14 iea€lo Wipd Ba e debirpédiech i Tdiout21,
detecting the track cross direction, assum ng that the total nunber of

track ©fOSEOSn Pafied0d Ah©OLind St Cooild d hecigalr ferdt red @it aeeathdrs Vrpm
a maxi numtrack cross speed is cal cul ated by
the value of the variable filter is set on the basis of the count
and the current rotation speed, the drive means is disabled, and
the information disc loaded on the disc rotation means is rotated
at a predetermined rotation speed, and repeats the process of
obtaining the count of the first count means when the information
disc is rotated at the predetermined speed, for a required number
of times, thereby obtaining the counts for more than one rotation.
According to Claim 23 of the present invention, in the
information disc recording/playback apparatus defined in Claim 21
or 22, when setting the value of the variable filter on the basis
of the count and the current rotation speed, if the count is one
obtained without detecting the track cross direction,
assuming that the total number of track crosses per rotation
is 4Te¢, and the current rotation speed is Vrpm,

a maximum track cross speed is calculated by

(Formula 18)

2,
maximum track cross speed = —7§;~7;



(Fornmula 18) maxi mumtrack cross speed = 2 60rnm T, 30 and, on the basis of
t he cal cul'ated nmaxi rumtrack cross speed, the value of the variable filter
is set, and a mninumtrack count pulse width is set. According to Caim
24 of the present invention, in the B8Oformation disc recording/playback
apparatus defined in aim21 or 22, the rotation angle detection neans
divides the rotation angle information of the disc rotation neans into six
areas for one rotation and outputs the divided rotation angle information,
and when the count is one obtained when the track cross direction is

det ect®td, tde doardasats eathtlof ddiecwsliacat nasdwumttatdadn crafespdasd,
represented by DAT[n] = DAT[ O], DAT[ 1], DAT[ 2], DAT[ 3], DAT[ 4] , DAT[ 5] (when
n>5, ntie nvahik 6of athee ned micer] eof £ inl thext nigs diati dexxhdbya B)iniamun ttheaglot at i on
speed of the disc rotation neans is Vrpnirpn], a value in proportion to a
maxi Mudd il acku s @Ssidtieels Isar. a maxi mum track cross speed 2 which are
represented as follows are calculated as a maxi numtrack cross speed,

(Fornul a 19 d@Hdiu tthack aiGr 0gs ogpetd piekzn29¥nOentioh, DAT] mh2 +
DAT[n]DAT[n + 1] + DAT[n + If (Formula 20)
information disc recording/playback apparatus defined in Claim 21
or 22, the rotation angle detection means divides the rotation
angle information of the disc rotation means into six areas for
one rotation and outputs the divided rotation angle information,
and
when the count is one obtained when the track cross direction
is detected, the count at each of the six-divided rotation angles
is represented by
DAT[n] = DAT[O],DAT[1],DAT[2],DAT[3],DAT[4],DAT[S]
(when n>5, n = n mod 6 (a remainder of n being divided by 6),
and
the rotation speed of the disc rotation means is Vepm[rpm],
a value in proportion to a maximum track cross speed 1 or a
maximum track cross speed 2 which are represented as follows are
calculated as a maximum track cross speed,

(Formula 19)

maximum track cross speed l([n]l=

272; om % | DAT[n + DAT[n|DAT(n+1]+ DAT[n +1] |

(Formula 20)

maximum track cross speed 2[n]=



maxi mum track gross speed 2[n]= 31 2 6 'Pm2 ~ DAT[n]2 - DAT[n] DAT[n + 2] +
DAT[n, + 2]'2 73 and a value in proportion to an average of twelve maxi num
track cross speeds 1 or maxi mumtrack cross speeds 2 which are cal cul ated
for n=0-5 according to (Formula 19) a®d (Formula 20), respectively, or a
value in proportion to an average of mpieces of central values sel ected
fromthe values of the twelve maxi num track cross speeds 1 or nmaxi mum
track cross speeds 2, is enployed as a maxinmumtrack cross speed.
According to Caim?25 of the present invention, in the information disc
recordi ng/ pjn@ybagk apparatus defined in Claim24__when the val ue of the
vari abl e fi-+&¢ JhﬁﬂfbﬂzPﬂbiﬂayﬂATbﬁ+Eheluﬂ%unﬂfhhd the current rotation
speed, if th&0c t is one obtained when the track cross direction is
detected, the count at each of the six-divided rotation angles is

repr esgnd ed byl DATLN] proddf Ddn DAT[dY , DATf2Je DA 31 IDAT[E % iDAT Sjrgathen

n>5, n = n nod 6 (a remai nder of n being divided by 6), and the rotation
speed @fotbesgésdsr Dt at i max hmanst tscWVrqd spndpeedsreXiwhinch raiok cr oss speed
is calculated on the basis of the followng fornmulae, (Formula 21) 4TH =

| DAT[ 0} 41 &h DATEA] For! RATRA sdAH 3]y HADAHAu1H DAY 3hid  (Foetullza 223), 32

respectively, or a value in proportion to an average of m pieces

of central values selected from the values of the twelve maximum
track cross speeds 1 or maximum track cross speeds 2, is employed
as a maximum track cross speed.

According to Claim 25 of the present invention, in the
information disc recording/playback apparatus defined in Claim 24,
when the value of the variable filter is set on the basis of the
count and the current rotation speed, if the count is one
obtained when the track cross direction is detected, the count at
each of the six-divided rotation angles is represented by

DAT[n] = DAT[O],DAT(1],DAT[2],DAT[3],DAT(4],DAT[5]

(when n>5, n = n mod 6 (a remainder of n being divided by 6),

and
the rotation speed of the disc rotation means is Vrpm[rpm],

a maximum track cross speed is calculated on the basis of the

following formulae,
(Formula 21)
4T, = |DATIO]| +|DATIL) +|DAT(2]| + |DAT[3] +|DAT[4] +|DATIS]

(Formula 22)




2 maxi mumtrack cross speed = 2 /GYP. TC 1 = Z-6Yrrpm Tc 2 cos 6 and, on
the basis of the maxi mumtrack cross speed so cal cul ated, the value of the
variable filter is set, and a mininmnumtrack count pulse width is set.
According to Claim 26 of the present i3%ention, in the information disc
+ecordi ng/ pl ayback apparatus defined in Caim19, when setting the maxi num
rotation speed of the information disc recording/playback apparatus, the
control neans enploys, as the count, a difference between the track cross
tount that is obtained when the inforqg%jon di?c i% iptateg at a first
rotation speed and _at .|l east one raotati mspeedlt hat“F smhi gher than the
first rota?%gﬁngﬁbg ACKGTORE EBGRE obtagge Cmﬁth-fhe6@tq?gﬁ§t one
rotation speed that is higher than the first ﬁﬁ@%ﬂ(ﬂ}Speed. According to
Claim 27 of the present invention, in the information disc

r ecor dang/ pbaybaekbappar af ushdehinbdun nt Chak netdss sheedrsckcaloskatednt is
the nunber of track crosses which is calculated on the basis of an average
of couphe ¢aIhesSpENEhagvaSiabDEerihesr one sot At and, a whithmaoubtachr e
selected fromanong the counts obtained by the repetition. According to

G ai m 28uat pheseresenh ipveation, in the information disc
recor di ng/ pl ayback apparatus defined in Caim?27, when calculating the

track cross gapddind tdeMmane @t e vardsthite ifrivdrri gmpans Wreh is
reset by repetition at the sane

information disc recording/playback apparatus defined in Claim 19,

when setting the maximum rotation speed of the information disc
recording/playback apparatus, the control means employs, as the
count, a difference between the track cross count that is
obtained when the informatioﬁ disc is rotated at a first rotation
speed and at least one rotation speed that is higher than the
first rotation speed, and the count obtained with the at least
one rotation speed that is higher than the first rotation speed.

According to Claim 27 of the present invention, in the
information disc recording/playback apparatus defined in Claim 19,
the track cross count is the number of track crosses which is
calculated on the basis of an average of counts corresponding to
more than one rotation, which counts are selected from among the
counts obtained by the repetition.

According to Claim 28 of the present invention, in the
information disc recording/playback apparatus defined in Claim 27,
when calculating the track cross count, if the value of the
variable filter means which is reset by repetition at the same

rotation speed changes by a predetermined value or more, the



rotation speed changes by a predeterm ned value or nore, the 33 counts
obt ai ned before the change are not used as the counts for calculating the
average. According to Claim?29 of the present invention, there is provided
an information disc recording/pl ayback3apparatus capable of recording or
playing an information disc on which information recording tracks are
formed spirally or concentrically, which apparatus conprises: a disc
rotation neans for rotating the information disc at a predeterm ned speed,
4 reading nmeans for reading an information signal fromthe disc; a drive
means &enuntdrovtagnédens fadé nghaeansnge dhe ot ecsednmofthdecoadisistaf the
disc; a track cross detection neans for generating track cross signals on

the bagascelaplaybesk svgnays.that are generated when the reading neans
crosses the information tracks; a pulse wdth storage neans for hol ding

the pul se wirdidbrefingy jtestcipriavizoust tohacprefsest: Singraltiod,f ithieee teans for
conparing the pulse width of the just-previous track cross signal with the

pul se pietrhaed ahhenEofmepiohr @tkc CrOSSr&igGAblaAvacipr yeatdngs tdepalie ent
track cross signal frombeing outputted when the current track cross

si gnal ofsréégk'&;?ﬂg byr ap P& @O8Y AR DR Mk tECRT AIBE Eon awieDEMt i iERiga t
counting the pulsés which are outputted fromthe variable filter nmeans;

and a Egeafahng'séﬁécigraﬂst £5 Fh8h NGp Br HFBXY YA co Rtk E PIcsPeed Wwiliedh i S | over
t han an all owabl e nunber of track 'crosses of the information disc

recordéﬂ?é?é@ﬂg’a%mé‘??ééé‘t Ug @0scthscheshs RbabhberobtAbpedicous for one

nore rotation
information disc at a predetermined speed; a reading means for

reading an information signal from the disc; a drive means for
driving the reading means in the direction of the radius of the
disc; a track cross detection means for generating track cross
signals on the basis of playback signals that are generated when
the reading means crosses the information tracks; a pulse width
storage means for holding the pulse width of a just-previous
track cross signal; a filter means for comparing the pulse width
of the just-previous track cross signal with the pulse width of
the current track cross signal, and preventing the current track
cross signal from being outputted when the current track cross
signal is reduced by a predetermined value or more; a count means
for counting the pulses which are outputted from the variable
filter means; and a control means for determining a maximum
rotation speed that is lower than an allowable number of track
crosses of the information disc recording/playback apparatus on
the basis of the obtained counts for one or more rotation, or

determining a maximum rotation speed that is lower than an



determ ning a maxi mumrotation speed that is lower than an 34 allowable
track,cross speed or track cross acceleration of the information disc
recordlng/playback apparatus on the basis of the obtained counts for one
or nore rotation, and the current dis@4rotation speed, and controlling the
.disc rotation neans so that the disc rotation neans rotates the
information disc at a speed |ower than the allowable maxi mnumrotation
speed to record or reproduce data in/fromthe disc. According to C aim 30
of the present invention, in the information disc recording/playback

appar ahusoflgbi 8edrhfx Cbab 8% 29pced hér | DEQt HBELO8s dhSCe I €£HE LbMYd Pl Blydack
apparatus is able to record or play two or nore kinds of information discs

havi ngindbthetesh &iaekrpibehesy/prayisetti agpofathe smxtmrnbaoiatddNthspeed
of the information disc recording/playback apparatus is perforned by

det ect hpgat Hedt £36KtHI E6h Shet B hofer pBtholod] Send BRe Eeteent niingea
maxi mum rotation speed that is |lower than an allowable vibration anplitude

of t herbgBEEHHt bBQeQ' SEndl 86RE £b 191 R ayRacki 8PPRE B HSoR b les basi shet the
count and the track pitch, or deterfning a maxinumrotation speed that is

lower thangan.allewablg YLBR Jaa%@geféhgrmwfﬁat%na&gg&ea@taogpe@a t he
i ng ?

information disc recor ack apparatus on the basis of the count,

theo“ﬁg&e@ tfbn 2nd EE?o%HBiS%thﬁﬁmr%éétg&a spee .t &CEQEGERUE0 Claim

resent 1nventron, there is provi rati on detection

HEthodrgggoaacgn&9£gaah9@r9h58he disc.

According to Claim 30 of the present invention, in the
information disc recording/playback apparatus defined in Claim 283,
the information disc recording/playback apparatus is able to
record or play two or more kinds of information discs having
different track pitches; and setting of the maximum rotation
speed of the information disc recording/playback apparatus is
performed by detecting the track pitch of the information disc,
and determining a maximum rotation speed that is lower than an
allowable vibration amplitude of the information disc
recording/playback apparatus on the basis of the couht and the
track pitch, or determining a maximum rotation speed that is
lower than an allowable vibration speed or vibration acceleration
of the information disc recording/playback apparatus on the basis
of the count, the track pitch, and the current disc rotation
speed.

According to Claim 31 of the present invention, there is
provided a vibration detection method for an information disc

recording/playback apparatus capable of recording or playing at



recordi ng/ pl ayback apparatus capable of recording or playing at 35 | east
two kinds of information discs having different track pitches, on which
information recording tracks are forned spirally or concentrically, which
nmet hod conprises: a step of detectingsthe track pitch of the information
disc; a step of counting track cross pul ses on the basis of playback
signals which are generated when the information disc fixedly |oaded on
the apparatus is rotated and a reading unit crosses the information tracks
on the information disc, thereby obtaining a count; a step of determ ning
a maxi redst otwd i loindpestl imhddrmst idovetsdddreamaldioifrtentyitraatd on
anplitude of the information disc recording/playback apparatus, on the
basi s wftéhes obsmiwiterkth conf rrach dher ¢ caoki mpy tiorg clendhree stepneaf  det er ni ni ng
a maximum rotation speed that is |ower than an all owabl e vibration speed

or Vi9sptd Dy aSEedSicdhion ©d11he winf et nid tiosd diamp ey di angd tpaydiack
apparatus, on the basis of the count, the track pitch, and the current

di sc r@ipééomgreed. cAeeRr i figh tor Qi BP0 ffiat hen prEsEenta isteantaon, there
is provided a V|brat|on etection nmethod for an information disc

recor di5gh o1 3y beskc RPEAS 84 U[ﬁul?é‘@élbd)ﬂ? ohe re£o1 6i 0 Pray eyt ngidtald east two
ki nds of information discs having different track pitches, on which

i nforngtigon éf"@%&ﬁ@ﬂaﬁé@%ﬁeﬁrﬁié Of ABSrmSPL 62| d¥s O £ BBt Td£ddd Yon Whi ch
met hod conprises? a step of detecting the track pitch of the information

di sc; @nét&;‘gpgiatggtfgtwaaw& LR@ck £E88SnEi GeLt | @i duli catd ng the

dlrectlon
information tracks on the information disc, thereby obtaining a

count; a step of determining a maximum rotation speed that is
lower than an allowable vibration amplitude of the information
disc recording/playback apparatus, on the basis of the obtained
count and the track pitch; and a step of determining a maximum
rotation speed that is lower than an allowable vibration speed or
vibration acceleration of the information disc recording/playback
apparatus, on the basis of the count, the track pitch, and the
current disc rotation speed.

According to Claim 32 of the present invention, there is
provided a vibration detection method for an information disc
recording/playback apparatus capable of recording or playing at
least two kinds of information discs having different track
pitches, on which information recording tracks are formed
spirally or concentrically, which method comprises: a step of
detecting the track pitch of the information disc; a step of
detecting the track cross direction indicating the direction in

which a reading means crosses the information tracks; a step of



which a reading means crosses the information tracks; a step of 36
outputting . rotation angle information of the information disc, whichis
divided into n areas for one rotation; a step of detecting two areas
wherein the track cross speed has the3bowest value, fromamong the

-A-di vided areas; a step of counting track cross pul ses, which are based on
pl ayback signals that are generated when the information disc fixedly

| oaded onto the apparatus is rotated and the reading neans crosses the
information tracks on the information disc, such that the track cross

pul sesuMgut tSingN T c=a: icourined entiin fe rdetteetn g tihe timdickemeadriggs diiswction in
an area where the track cross speed has the |owest value, on the basis of
the deiaeed & rAGK WPSHt recireds fand driwe rodtaticon angited nffor mation; a
step of counting track cross pulses, which are based on playback signals
that & eganRRy atRd Mhen theridiforme indi srddsediaed dadedontimwde:
apparatus is rotated and the reading means crosses the information tracks
on t he,J1Rfedr MBtdrd e tueh-diRaldddeddaark a Gtegs qllarmiind teiagrs are
counted wi thout detecting the track cross direction, on the basis of the
track orass Hiresd, omhive dire MRsddign pewust sheen defrect ethke in an area

where the track cross speed does not have the | owest value; a step of

det er 'é(;dn&gar;;pﬁ TR ATUWRAL Ofrddd ok tSRge i L hats i e d OpEroddwan @t dravabl e

vi br at : tude of the information disc recording/playback apparatus,
on the hasis. of the obtalpethfauy Ahithe ddack cRidsdy w@nd a step of
determming a maxinumrotation speed that™ is

information tracks on the information disc, such that the track
cross pulses with signs are counted while detecting the track
cross direction in an area where the track cross speed has the
lowest value, on the basis of the detected track cross direction
and the rotation angle information; a step of counting track
cross pulses, which are based on playback signals that are
generated when the information disc fixedly loaded onto the
apparatus is rotated and the reading means crosses the
information tracks on the information disc, such that the track
cross pulses with signs are counted without detecting the track
cross direction, on the basis of the track cross direction which
has just previously been detected, in an area where the track
cross speed does not have the lowest value; a step of determining
a maximum rotation speed that is lower than an allowable
vibration amplitude of the information disc recording/playback
apparatus, on the basis of the obtained count and the track
pitch; and a step of determining a maximum rotation speed that is

lower than an allowable vibration speed or vibration acceleration



| ower than an all owabl e vibration speed or vibration acceleration 37 of the
i nforpation disc recordi ng/pl ayback apparatus, on the basis of the count,
the track pitch, and the current disc rotation speed. According to Caim
33 of the present invention, there is37provided a vibration detection
-rethod for an information disc recording/playback apparatus capabl e of
recording or playing at |least two kinds of information discs having
different track pitches, on which information recording tracks are forned
Spirally or concentrically, which nethod conprises: a step of detecting

t he trefktips tiohfafmathieon riicraretdanrding’p la Wik deradattedi vg tHe track
cross direction indicating the direction in which a reading means crosses
t he i bas tmtoHnthe avksnt a Steprmfck quithmdtt iang rdteatdusir eirfgldd Shf or mat i on of
the information disc, which is divided into n areas for one rotation; a
step ofotdei@ctspedwo areas wherein the track cross speed has the | owest
val ue, from anong the n-divided areas; a step of obtaining a first count
on the basi aeforpliayback Cdadmal3s wifi theapeegenér ahwdntihen therenisr mati on
disc fixedly | oaded onto the apparatus is rotated and the readi ng neans
crossesréhiedédf o vHtt O dit addkise i ort hee i hddrimat iam idi Sosmet igtreplicic
obtaining a second count in which a sign is added to the count, on the
basi s @écéb@iﬁdjaﬁkapw@}s apbha estiorcaphiste has jersirdimeyiousdaesn at
detected, when the information disc is rotated; a step of selecting the
first couBt tid ROnAS e@f WhefSridiei dri atks €3 dsev Sppeadt hdsrdite tmovast val ue,

and
pitches, on which information recording tracks are formed
spirally or concentrically, which method comprises: a step of
detecting the track pitch of the information disc; a step of
detecting the track cross direction indicating the direction in
which a reading means crosses the information tracks; a step of
outputting rotation angle information of the information disc,
which is divided into n areas for one rotation; a step of
detecting two areas wherein the track cross speed has the lowest
value, from among the n-divided areas; a step of obtaining a
first count on the basis of playback signals which are generated
when the information disc fixedly loaded onto the apparatus is
rotated and the reading means crosses the information tracks on
the information disc; a step of obtaining a second count in which
a sign is added to the count, on the basis of the track cross
direction which has just previously been detected, when the
information disc is rotated; a step of selecting the first count

in an area where the track cross speed has the lowest value, and

selecting the second count in an area where the track cross speed



sel ecting the second count in an area where the track cross speed 38 does
not have t'he | owest value, thereby counting the track cross pulses for
every rotation angle and outputting the count; a step of determning a
maxi numrotation speed that is |ower 8BBan an allowable vibration anplitude
.of the information disc recording/playback apparatus, on the basis of the
obt ai ned count and the track pitch; and a step of determ ning a maxi num
rotation speed that is |ower than an allowabl e vibration speed or

Vi bration acceleration of the information disc recording/pl ayback

appar adamss oot thevdashs bfwedie coum, thereracowitioly tel tdseck @possnt
disc rotation speed. According to Claim34 of the present invention, there
is provisesd fowidvaty ano et Bot | ang hetdodl dwrpuwtting diraatdomtdi $¢ step
recordi ng/ pl ayback apparatus capable of recording or playing at |east two
ki nds ®f deifermbatiing &isasihavingtak fdrersgmed riddd I8 tlohves; tramtarnch
information recording tracks are formed spirally or concentrically, which
met hods To&REh 5@ Sviler St BPn odmp Ut edd i f the inBskmaitah difsd he information
disc; a step of counting track cross pul ses on the basis of playback

Si gnal se c ¥ Lhly Ab Ba GSAEK 2498a Wiels | hen | tHo e i oo fli e foxedined eadert ont o
the apparatus Is rotated at a first rotation speed and a reading unit

crossegnd hend nf PEERIHOACH f a5ks ONstdle b @ @t DMl SC,maxheme s tehtiami ng
a count; a step of calculating a difference between a track cross count

whi ch 5e ot @h Hed; whesws Rechhnf oF nat i efali Sovisrdied esbadd lomt | east one
rotati on speed that
vibration acceleration of the information disc recording/playback
apparatus, on the basis of the count, the track pitch, and the
current disc rotation speed.

According to Claim 34 of the present invention, there is
proyided a vibration detection method for an information disc
recording/playback apparatus capable of recording or playing at
least two kinds of information discs having different track
pitches, on which information recordiné tracks are formed
spirally or concentrically, which method comprises: a step of
detecting the track pitch of the information disc; a step of
counting track cross pulses on the basis of playback signals
which are generated when the information disc fixedly loaded onto
the apparatus is rotated at a first rotation speed and a reading
unit crosses the information tracks on the information disc,
thereby obtaining a count; a step of calculating a difference
between a track cross count which is obtained when the

information disc is rotated with at least one rotation speed that

is higher than the first rotation speed, and a count which is



is higher than,the first rotation speed, and a count which is 39 obtained
when the ipformation disc is rotated at the first rotation speed, thereby
obtaining a difference count; a step of determning a maxi mumrotation
speed that is lower than an allowabl 8%ibration anplitude of the
.tnformation disc recording/playback apparatus, on the basis of the
obtained difference count and the track pitch; and a step of determning a
maxi mum rotati on speed that is |ower than an allowabl e vibration speed or
Vi bration acceleration of the information disc recording/playback

appar atlrisaimed thieehashs oifeteatdidt edeseels couprted hett taekfprsth, and the
current disc rotation speed. According to Caim35 of the present

i nventromatiderspesd, priveraled cotvaimbng on defferénme netbnd: forstkep of
information disc recording/playback apparatus capable of recording or

pl ayi nge @ernimfrodg natmao wlirs cr oa whoe hsped dr tled € obs r bcwedi tigan rawks ar e
formed spirally or concentrically, which nmethod conprises: a step of

count i 71 ¢walske cv Oissa Plibs esmpehi tide basi shof ipfaybackosighats which are
generated when the information disc fixedly | oaded on the apparatus is

r ot at egle 8OEA Bn ¢ AELA YIGa ¢l0i dpsatsses, the thefloasbsi of thackstamede
information disc, thereby obtaining a count; a step of conparing the

W dt hsqof réhendet st dnackhe pukscs pitdhp pnedet etepned yatsemimnty a
invalidating the counts of track pul ses whose widths are shorter than the

predetgigiNed ryPhtiEon Ss5EER Phatlelr Ibwé At RafBXh MU sWaBLé onilspeetot hat

is lower than an allowabl e nunber of track crosses of the
speed or vibration acceleration of the information disc
recording/playback apparatus, on the basis of the difference
count, the track pitch, and the current disc rotation speed.

According to Claim 35 of the present invention, there is

provided a vibration detection method for an information disc
recording/playback apparatus capable of recording or playing an
information disc on which information recording tracks are formed
spirally or concentrically, which method comprises: a step of
counting track cross pulses on the basis of playback signals
which are generated when the information disc fixedly lcaded on
the apparatus is rotated and a reading unit crosses the
information tracks on the information disc, thereby obtaining a
count; a step of comparing the widths of the detected track
pulses with a predetermined value, and invalidating the counts of
track pulses whose widths are shorter than the predetermined
value; a step of determining a maximum rotation speed that is

lower than an allowable number of track crosses of the

information disc recording/playback apparatus, on the basis of

|



informati on di sc recording/playback apparatus, on the basis of 40 the
count, and.a step of determining a maxi numrotation speed that is |ower
than an all owabl e track cross speed or track cross acceleration, on the
basis of the count and the current di4@ rotation speed. According to C aim
-36 of the present invention, there is provided a vibration detection

met hod for an information disc recording/playback apparatus capabl e of
recording or playing an information disc on which information recording
tracks are fornmed spirally or concentrically, which nethod conprises: a
step dfhe coumtti:ngnidr ack tepoes peitsemioinghe mazigunf rptayback seegdal s

whi ch are generated when the information disc fixedly | oaded on the

appar athest iis rowatredhamnd aa rdddwatplenittrackosgses st kpeednbaor raeicén crerasks on
the information disc, thereby obtaining a count; a step of detecting the

t r ack azrede rditriect,i on ithdi datsiisg o ft hbedicoaotti andi thehicolrrehé déadi ng neans
crosses the information tracks; a step of outputting rotation angle

i nf or mtdaiocef ddeed.information disc;, a step of conparing a set pulse width

with the

pul se width of the current track cross pul se, and invalidating

t he count ofictbedthgrestclaamk3er osstipel seesdien insepulse, wildéhe is
decreased by a predeterm ned value or nore; a first count step of counting

the tr

A P S pulbTes W et onvieseod dols aar énfaehadeonheased by the

predeterm ned value or nore, on the basis of the track cross direction and

the r qtadd i rRfYd 16 Yo MRipatud $eeeNe¢ oFuilecdirednal ozowltiviggt B@ track
cross pul ses whose w dt hs

information disc on which information recording tracks are formed

spirally or concentrically, which method comprises: a step of

counting track cross pulses on the basis of playback signals

which are generated when the information disc fixedly loaded on

the apparatus is rotated and a reading unit crosses the

information tracks on the information disc, thereby obtaining a

count; a step of detecting the track cross direction indicating

the direction in which the reading means crosses the information

tracks; a step of outputting rotation angle information of the

information disc; a step of comparing a set pulse width with the

pulse width of the current track cross pulse, and invalidating

the count of the current track cross pulse when its pulse width

is decreased by a predetermined value or more; a first count step

of counting the track cross pulses with signs, whose widths are

not decreased by the predetermined value or more, on the basis of

the track cross direction and the rotation angle information; a

second count step of counting the track cross pulses whose widths

are not decreased by the predetermined value or more, without



are not decreased by the predeterm ned value or nore, wthout 41 detecting
the track cross direction, on the basis of the rotation angle information;
a step of setting the set pulse widths by repeating the steps of obtaining
the first and second counts by a reqdilred nunber of tinmes; a step of
-obtaining a count corresponding to one or nore rotation of the information
disc, by obtaining the counts obtained in the first and second count steps
using the repeatedly set pulse widths; a step of determning a naxinmm
Totation speed that is |ower than an all owabl e nunber of track crosses of
t he | nfedrartiingn tdhes ¢ raedoradiosy pliaddion  appartiteudasds tofe thasirs teft iohe
count; and a step of determining a maxinmumrotation speed that is | ower

t han amgld duwehlrenatriack =Craase fyfeeck tiring atle creds prdsee werdhisoby on t he
basis of the count and the current disc rotation speed. According to C aim
37 of ndmgiriesenthd tenls @t ddwrieirngy tveoided and breatdnon cdetreet byn a

met hod for an information disc recording/playback apparatus capabl e of
recor idifh iedPImpibeg &T Hikfed;Mat isepdicsc ot ashiicly ianfoaumt i on recordi ng
tracks are formed spirally or concentrically, which nethod conprises: a

step ofor epdrdithd MRC o @3S mMiiHeS e% tait itdie drashe dhfraddch digral By
whi ch are generated when the information disc fixedly | oaded on the

appar gt irsi Pt ARE A JRadiad UM e G55 Rl JiidRGuet tagks on
the information disc, thereby obtaining a count; a step of storing the

33{ thdégdlq{gg tg{eegr%p;@age?%ggﬁegﬂo;ﬁ%%e wWhithhas jdtslp R\t nieR a
maximum rotation speed that is lower than an allowable number of
track crosses of the information disc recording/playback
apparatus, on the basis of the count; and a step of determining a
maximum rotation speed that is lower than an allowable track
cross speed or track cross acceleration, on the basis of the
count and the current disc rotation speed.

According to Claim 37 of the present invention, there is
provided a vibration detection method for an information disc
recording/playback apparatus capable of recording or playing an
information disc on which information recording tracks are formed
spirally or concentrically, which method comprises: a step of
counting track cross pulses on the basis of playback signals
which are generated when the information disc fixedly loaded on
the apparatus is rotated and a reading unit crosses the
information tracks on the information disc, thereby obtaining a
count; a step of storing the pulse width of a track cross pulse

which has just previously been detected; a step of comparing the

stored track cross pulse width with the pulse width of the



stored track cross pulse width with the pulse width of the 42 current track
cross, pul se, and invalidating the count of the current track cross pul se
when its pulse width is decreased by a predeternmi ned value or nore; a step
of determning a maxi mum rotation sp&8d that is |lower than an all owabl e
-nunmber of track crosses of the information disc recording/playback
apparatus, on the basis of the count; and a step of determ ning a maxi mum
rotation speed that is |ower than an allowable track cross speed or track
"Cross acceleration, on the basis of the count and the current disc

r ot at icurr repded.ratk dewss ped séhoved devaldidds ing &Rei FPIRFROTOR G sc
recordi ng/ pl ayback apparatus and a vibration detection nethod for the

i nf or ratrrem i tsw ake cordisn ghyllsy bdsk. dpsaratlese Hddh A CecriRasepr B¥erdt
invention, there is provided an information disc recording/playback

appar airusiecamatiredfvalecord ngprer; @l @bapy oft ddteastining ki Aax iFHm
information discs having different track pitches, on which information

r ecor didtgatireac kspesace tfrortneids lspienaliharorarc eridentatilealnynberhiodh tagsér at us
conprises: a disc rotation means for rotating the information disc at a
predeterdidiad ¢peagts imfoaadi tigrmetins: frercarekidiolp laybadkoapgperatussi gmal
fromthe disc; a drive neans for driving the reading nmeans in the

di rectiyan wfstdef agidiscoaint heardi sc;staey ratidegticrmtinigdet ectmiavimans for
detecting the track pitch of the information disc fromthe information

di sc; @ tdecdn mssd datacti OnsmanscHar argelldrotabie thrack cruss sipgead s on

t he basis of playback signals
or track cross acceleration, on the basis of the count and the
current disc rotation speed.

As described above, according to an information disc
recording/playback apparatus and a vibration detection method for
the information disc recording/playback apparatus relating to the
present invention, there is provided an information disc
recording/playback apparatus capable of recording or playing at
least two kinds of information discs having different track
pitches, on which information recording tracks are formed
spirally or concentrically, which apparatus comprises: a disc
rotation means for rotating the information disc at a
predetermined speed; a reading means for reading an information
signal from the disc; a drive means for driving the reading means
in the direction of the radius of the disc; a track pitch
detection means for detecting the track pitch of the information
disc from the information disc; a track cross detection means for

generating track cross signals on the basis of playback signals

that are generated when the reading means crosses the information



that are generated when the reading nmeans crosses the information 43
tracks; a count nmeans for counting track cross pulses that are detected by
the track cross detection neans, and outputting the count; and a control
means for determining a maximumrotat4dn speed that is |ower than an

.al l owabl e vibration anplitude of the information disc recording/playback
apparatus on the basis of the count and the track pitch, or determning a
maxi num rotation speed that is |lower than an all owable vibration speed or
Vi bration accel eration speed of the information disc recording/playback
appar dtuesclosy tdhecdasti gnerng Mo cotintine tragk cyisculasd th@tc@wheent disc
rotation speed, and controlling the disc rotation neans so that the disc

r ot at i et exsloas bpttesttdek ¢rdoy mdtieort s oneans spekd UVt itnearkhehe

al l owabl e maxi mum rotation speed to record or reproduce data in/fromthe
di sc. cdiher efad,a tdentvidt atéanrs afgat i deiteymioring br atd oimapestt;a toron

vi bration acceleration is evaluated considering the track pitch of the

di sc, speked hehamxisniowet athan apeedl dwaiete tiidmnra thison adnmbidhide vdfridtd on
anplitude, or vibration speed, or vibration acceleration of the

i nf or niad £ @t 56n r&rcos di- dvgd Pd aydacka vippek adptsaratsusdetrertthandeh s herfeliyhe

vi bration detection can be carried out wusing a single threshold val ue,
regar dd@gst 0ind hend ypea®k piech) méordetéom wise . a et iveumrore; a taicaoor di ng to

an information disc recording/playback apparatus and a vi bration detection
fﬁg hodspoed et i 1€ OT R Ofh&lh Sen FELDSWHINDE P Ryheciompssed use rel ating to
vibration acceleration speed of the information disc
recording/playback apparatus on the basis of the count, the track
pitch, and the current disc rotation speed, and controlling the
disc rotation means so that the disc rotation means rotates the
information disc at a speed lower than the allowable maximum
rotation speed to record or reproduce data in/from the disc.
Therefore, the vibration amplitude, or vibration speed, or
vibration acceleration is evaluated considering the track pitch
of the disc, and the maximum rotation speed lower than the
allowable vibration amplitude, or vibration speed, .or vibration
acceleration of the information disc recording/playback apparatus
is determined, whereby vibration detection can be carried out
using a single threshold value, regardless of the type of the
information disc.
Furthermore, according to an information disc
recording/playback apparatus and a vibration detection method for

the information disc recording/playback apparatus relating to the

present invention, there is provided an information disc



present invention, there is provided an information disc 44

recor di ng/ pl ayback apparatus capabl e of recording or playing an

i nformation disc on which information recording tracks are forned spirally
or concentrically, which apparatus codprises: a disc rotation neans for
.rotating the information disc at a predeterm ned speed; a readi ng neans
for reading an information signal fromthe disc; a drive neans for driving
the reading neans in the direction of the radius of the disc; a track
Cross detection neans for generating track cross pul ses on the basis of

pl ay backe st djived Ao tdrdtaclt eaprener it dcavrainl ¢ el reseh il means Plavssesan he
information tracks; a variable filter nmeans for preventing counting of

pul sesimbmses wialt il sy eomarhiovierin famat ietrac udi nanorackheate ackrneedss
pul ses; a count neans for counting the pulses outputted fromthe variable
filterspieensly and cenaantriodaneansviiorh depes e nisgeenpmié eum a olisgd on speed
that is lower than an all owabl e nunber of track crosses of the

i nf or nied t D sk Sne arec of @i N tpd tadyrba ek ea pipraff @t uest joom. tdies basti sa of the  count,

or determning a maxinmumrotation speed that is |lower than an allowable
track srosst SReBtedrspeatk £rossdany aherad | for afedding i arf ormixd roant s c
recordi ng/ pl ayback apparatus on the basis of the count and the current

di sc roighaDnfshrethe s €ONd r@tivaignddies £hs cdr b g orhereassd oy triednd he
disc rotation nmeans rotates the information disc at a speed |lower than the

al | owaph et@xi M t 164 a4 f OfhSPeedi i9 ¢ ecendl @fsd ep Oghtieek datess n/ from t he

disc. Since setting of the track cross filter is carried out on the
detection means for generating track cross pulses on the basis of
playback signals that are generated when the reading means
crosses the information tracks; a variable filter means for
preventing counting of pulses whose widths are narrower than a
set value, among the track cross pulses; a count means for
counting the pulses outputted from the variable filter means; and
a control means for determining a maximum rotation speed that is
lower than an allowable number of track crosses of the
information disc recording/playback apparatus on the basis of the
count, or determining a maximum rotation speed that is lower than
an allowable track cross speed or track cross acceleration of the
information disc recording/playback apparatus on the basis of the
count and the current disc rotation speed, and controlling the
disc rotation means so that the disc rotation means rotates the
information disc at a speed lower than the allowable maximum
rotation speed to record or reproduce data in/from the disc.

Since setting of the track cross filter is carried out on the

basis of the track cross count and the current rotation speed,



basis of the track cross count and the current rotation speed, 45 even when
the track cross speed varies significantly due to the eccentricity or
vibration of the disc, track counting nost suitable for vibration
detection can be accurately carried odth at all tinmes. Furthernore,
.according to an information disc recording/playback apparatus relating to
the present invention, there is provided an information disc
recordi ng/ pl ayback apparatus capable of recording or playing an
sinformati on disc on which information recording tracks are formed spirally
or coatentwheal tlye twhach appss aspsed onprisessignidiismrtotatdush tedie for
rotating the information disc at a predeterm ned speed; a reading neans
for readtegtahcingoonarionasigmadf friven diec ditsracla calmitiengresosst f or dri vi ng
the reading neans in the direction of the radius of the disc; a track
cross getesblonforansbiatigendsiaddngon taat ko rassus grlal scamn tde ddsiat of

pl ayback signals that are generated when the readi ng neans crosses the

i nfornmationikheacks; a pulse width storage nmeans for hol ding the pul se
width of a just-previous track cross signal; a filter neans for conparing

the pul se wimidrmfrridie, Ucdd@HO®S Ehadk foress ishgadlscwi th the pul se
width of the current track cross signal, and preventing the current track

Cross §588§Jiif1§¢ﬂlQ?bﬁ!_@kogﬁpéli:é@@sV\fI@Dath@gCtblﬁ remd prdseke cimssntsignal s
reduced by a predeterm ned value or nore; a count neans for counting the

pul sesywhi-ehi ar grovipulit 8 {heprhbeionadisbl eeddtd g ERaadind a control

nmeans for determning a
apparatus capable of recording or playing an information disc on
which information recording tracks are formed spirally or
concentrically, which apparatus comprises: a disc rotation means
for rotating the information disc at a predetermined speed; a
reading means for reading an information signal from the disc; a
drive means for driving the reading means in the direction of the
radius of the disc; a track cross detection means for generating
track cross signals on the basis of playback signals that are
generated when the reading means crosses the information tracks;
a pulse width storage means for holding the pulse width of a
just-previous track cross signal; a filter means for comparing
the pulse width of the just-previous track cross signal with the
pulse width of the current track cross signal, and preventing the
current track cross signal from being outputted when the current
track cross signal is reduced by a predetermined value or more; a
count means for counting the pulses which are outputted from the

variable filter means; and a control means for determining a

maximum rotation speed that is lower than an allowable number of



maxi mum rotation speed that is |ower than an allowabl e nunber of 46 track

crosses of ,the information disc recording/playback apparatus on the basis
of the obtained counts for one or nore rotation, or determ ning a naxi num
rotation speed that is lower than an4&l | owable track cross speed or track
»cross acceleration of the information disc recordi ng/playback apparatus on

t he basis

of the obtained counts for one or nore rotation, and the current

disc rotation speed, and controlling the disc rotation nmeans so that the
“disc rotation neans rotates the information disc at a speed |ower than the
al | onabtac eionsm s othttiton spternabiorcdisr wmcorprmgirea@ek in/fromthe
di sc. Therefore, when the current pulse width is smaller than the previous
pul se apmitrtathys aon priedidtas g nell e ushtaned pudwets$ sfgudyesl s e caused

by fal se

detection due to noise and is not counted, whereby track counting

nost stottahlen f or widtrentm oni et & ataoimaencdea btourstedd et iegd lowdr at al |
times, wthout requiring time for excess neasurenent. BRI EF DESCRI PTI ON OF
THE DRAVIINGS F lsveatdl é st vadik ocko sis agweal | ot ust a@lt | augp g heacoad raictdron of

a DVD-ROM pl ayer in the case where an information disc recording/playback
appar aj fust e di raf ditrid tad 1o nd tked excd ¢ ord Tred hola floack tdyepa rd touwsredn orthalilsasis
recordi ng/ pl ayback apparatus according to a first or fourth enbodi nment of
the | meiOvHELieeP dethto the oV R P ayetat Fogurand tise aclt it
diagramillustrating the construction of a DVD ROM player in the case
wher e @ikd Fr ML PNs &€, and controlling the disc rotation means so

that the disc rotation means rotates the information disc at a

speed lower than the allowable maximum rotation speed to record

or reproduce data in/from the disc. Therefore, when the current

pulse width is smaller than the previous pulse width by a

predetermined value, this pulse is judged as one caused by false

detection due to noise and is not counted, whereby track counting

most suitable for vibration detection can be accurately carried

out at all times, without requiring time for excess measurement.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram illustrating the construction of

a DVD-ROM player in the case where an information disc

recording/playback apparatus and a vibration detection method for

the information disc recording/playback apparatus according to a

first or fourth embodiment of the invention are applied to the

DVD-RCM player.

Figure 2 is a block diagram illustrating the construction of

a DVD-ROM player in the case where an information disc



47 recording/ pl.ayback apparatus and a vibration detection nmethod for the

i nformation di sc recordi ng/ pl ayback apparatus according to a second

enbodi ment of the invention are applied to the DVD-ROM player. Figure 3 is
a block diagramillustrating the cons#fluction of a DVD-ROM player in the
-case where an information disc recording/playback apparatus and a

vi bration detection nethod for the information disc recording/playback
apparatus according to a third enbodi nent of the invention are applied to
“fhe DVD-ROM player. Figure 4 is a block diagramillustrating the

const ruetdohing/ pha PVE RGP B3/Es iand e CHsea when cdelre¢hion g fleed df e
recordi ng/ pl ayback apparatus and a vi bration detection nethod for the

i nf or melhé oin o swa t B rdti s}/ 1p @ybdioky Apbayack zerorativg accardingtio a
enbodi nent of the invention are applied to the DVD-ROM player. Figure 5 is
a bl ockedongrembodimett ab £ nghe hincamstonuciaromnppl ied DVD- ROM PYRyRe¢Mi n t he
case where an information disc recording/playback apparatus and a

vi br atpdaydet ecti on nethod for the information disc recording/pl ayback
apparatus according to a sixth, seventh, or eighth enbodi nent of the

i nvention arreap izeds 120 Hillve kDdRalOsiplidyers.t ratgurce the scmstiragrtdmn of
illustrating a graph showi ng the anount of displacenent of the count at
every gopabiroMapiger i ehle dispd acieaeat ah Sigooseat byn vibsat i on or

eccentricity, when

recording/playback apparatus and a vibration detection method for
the information disc recording/playback apparatus according to a
third embodiment of the invention are applied to the DVD-ROM
player.

Figure 4 is a block diagram illustrating the construction of
a DVD-ROM player in the case where an information disc
recording/playback apparatus and a vibration detection method for
the information disc recording/playback apparatus according to a
fifth embodiment of the invention are applied to the DVD-ROM
player.

Figure 5 is a block diagram illustrating the construction of
a DVD-ROM player in the case where an information disc
recording/playback apparatus and a vibration detection method for
the information disc recording/playback apparatus according to a
sixth, seventh, or eighth embodiment of the invention are applied
to the DVD-ROM player.

Figure 6 is a diagram illustrating a graph showing the
amount of displacement of the count at every rotation angle,

which displacement is caused by vibration or eccentricity, when



48 the present .invention is applied to the DVD-ROM player. Figure 7 is a
bl ock, diagramillustrating the construction of a DVD ROM player in the
case where an information disc recording/playback apparatus and a

vi bration detection nethod for the i®dfBormation disc recording/playback
-apparatus according to a ninth enbodi nent of the invention are applied to
the DVD-ROM player. Figure 8 is a block diagramillustrating the
construction of a conventional optical disc playback apparatus which
“perforns vibration detection using an acceleration sensor. Figure 9 is a
bl ock thagroesént ubtventihenthe akimstedicie omefDVRrRdhwemyehal optical disc
pl ayback apparatus which perforns vibration detection using track
counting. FiFgaueell iis a block dilagram iillustiratiing the constructiion oéf
anot her DVD- ROM pl ayer in the case where an information disc

recor da npvipt RO acka pepaiat tise acms @ whératamnimsieettion metdwod for the

i nformati on di sc recordi ng/pl ayback apparatus according to the fifth
enbodi retdr&fnd el & piveck | spp ar 2t apphndda toll et D-dROM c tpl cary ewe tIBESTE MODE
TO EXECUTE THE | NVENTI ON ( Enbodi nment 1) An information disc

r ecor ding/ phaybaskiappat &t use@ntd ang ¥ biieivacin depacd hwn ametdwtidortd he

i nformation disc recording/playback apparatus according to a first
enbodi AeRth 0dm¥Odiment of the invention are applied to the DVD-ROM

player.

Figure 8 is a block diagram illustrating the construction of
a conventional optical disc playback apparatus which performs
vibration detection using an acceleration sensor.

Figure 9 is a block diagram illustrating the construction of
a conventional optical disc playback apparatus which performs
vibration detection using track counting.

Figure 10 is a block diagram illustrating the construction
of another DVD-ROM player in the case where an information disc
recording/playback apparatus and a vibration detection method for
the information disc recording/playback apparatus according to
the fifth embodiment of the invention are applied to the DVD-ROM

player.

BEST MODE TO EXECUTE THE INVENTION
(Embodiment 1)

An information disc recording/playback apparatus and a
vibration detection method for the information disc

recording/playback apparatus according to a first embodiment of




the present invention wll be described taking a DVD- ROM pl ayer

as an

exanple, wth reference to figure 1. In figure 1, a DVD-ROM pl ayer 101 is
able to play various kinds of optical discs 102. The DVD ROM pl ayer 101
according to this first embodiment i4%ble to play the follow ng discs:

-CD-ROM (CD-ROM CD-R, CD-RW, DVD-ROM (DVD-5, DVvD-9, DVD-R4.7Q),
DVD- R3. 9G and the standard track pitches of these discs are as

and
foll ows:

CD- ROML. 6/ Lm DVD- ROMD. 74um DVD- R3. 910. 80' UM Ref erence nuneral 103 denotes a
-disc rotation neans for rotati ngthé he optical disc 102 nounted on the
r

DVD- ROMB| Byesenbiingention adet b
reading means for reading an information signal fromthe optical
| n t heaPVER RExePPagerwiol re¢ferenesi By hedmse 104 conprises, for

MRS ¢ pHre Rt B it & MM A ¥dnotes a

di sc 102.
exanple, a

| aser em ssion elenment 105 for emtting two | aser _beans having different
osci | | ati on wavidlams Hs, aomdDF-&0Ma PGBYROML 0dnd st @b 16t ker Py FapWBUROM an
obj ective lens 106 for converging the |aser beans; and a two-el enent

phot odeiedtoof 10Ftioak fbsca 1TH- ROVhanBVPhBROMt heayedrlal DVECRIANThEC
readi ng neans 104 anplifies the outputs fromthe photodetector 107,

sel ect shopefofstt bebodipent signalbse frompide pPhot bakblecing dDFcacdcPHRAG to
the type of the optical disc 102, generates a tracking error (TE) signal,
a focuscerroM, (EByRsi ODakW) A pVayhadk (BVpnal TWRF 9, abVIAR4 50G) , and

DVD-R3.9G, and the standard track pitches of these discs are as

follows:
CD-ROM 1.6 um
DVD-ROM 0.74 um
DVD-R3.9G 0.80 pm

Reference numeral 103 denotes a disc rotation means for

rotating the optical disc 102 mounted on the DVD-ROM player 101

at a predetermined rpm. Reference numeral 104 denotes a reading

means for reading an information signal from the optical disc 102.

In the DVD-ROM player 101, the reading means 104 comprises, for
example, a laser emission element 105 for emitting two laser
beams having different oscillation wavelengths, one for a CD-ROM
and the other for a DVD-ROM; an objective lens 106 for converging
the laser beams; and a two-element photodetector 107, one for a
CD-ROM and the other for a DVD-ROM. The reading means 104
amplifies the outputs from the photodetector 107, selects one of
the output signals from the photodetector 107 according to the
type of the optical disc 102, generates a tracking error (TE)

signal, a focus error (FE) signal, a playback signal (RF), an All



Sum signal (AS), an RF envel ope signal (RFENV) and the |ike, and outputs

t hese, signals. Reference nuneral 108 denotes a conversion means for
converting the playback signal outputted fromthe reading neans 104 into
digital data. Reference nuneral 109 défotes a drive nmeans for driving the
-teading neans 104 in the direction of the radius of the optical disc 102.
This drive neans 109 conprises, for exanple, a traverse drive neans 110
for driving the whole reading nmeans 104 in the direction of the radius of
"the optical disc, and a tracking actuator 111 for minutely driving the

obj ectdwe digrsa 1 0AS )nclamF ienteheope ol Fip InedHEN04 anidh thife Likeare@idon of
the radius of the optical disc. Reference nuneral 112 denotes a track cross
det ectauwiputeanshedorsiggrmerat i ng track cross pul ses on the basis of playback
signals which are generated when the | aser beamoutputted from the reading
means 104 cResesesntkenumackd @08t denopeiscal cdnyers®2n mRefier éate nuner al
113 denotes a track cross direction detection neans for detecting the

di r ectddtvet aingy Whe hp 1dygbd s es 1 dremim dutgom t ttdve Freead i tige memtbl i feanes ses
the tracks on the optical disc. The track cross detection nmeans 112 or the
track wyosinth récgital detect | Raf aranse 1ddndrahrl @ sdémetd s a kdmgveer r or
signal outputted fromthe reading neans 104 with a hysteresis conparator
or a eHpar8derdt v jeneriad erdading kneantl G4 ginal thiK@idddewirs ey £ tthee  track
cross detection nmeans 112 or the track cross direction detection neans 113

gener at 081 18 NON- Bk té@Eke sl oibdc OFOR f roni s heér bde means 109 comprises,
for example, a traverse drive means 110 for driving the whole
reading means 104 in the direction of the radius of the optical
disc, and a tracking actuator 111 for minutely driving the
objective lens 106 included in the reading means 104, in the
direction of the radius of the optical disc.

Reference numeral 112 denotes a track cross detection means
for generating track cross pulses on the basis of playback
signals which are generated when the laser beam outputted from
the reading means 104 crosses the tracks on the optical disc 102.
Reference numeral 113 denotes a track cross direction detection
means for detecting the direction along which the laser beam from
the reading means 104 crosses the tracks on the optical disc.

The track cross detection means 112 or the track cross direction
detection means 113 binarizes the tracking error signal outputted
from the reading means 104 with a hysteresis comparator or a
comparator to generate a track count signal TKC. Likewise, the
track cross detection means 112 or the track cross direction

detection means 113 generates a non-on track signal OFTR from the



envel ope of the RF signal, and generates a track cross direction signal
according to the phase rel ationship between the TKC and the OFTR, or
generates a track cross detection pulse by directly using the TKC or by

| atching the TKC with the OFTR Refer&hce nuneral 114 denotes a rotation
.angl e detection neans for detecting the rotation angle of the disc
rotati on neans 103. The rotation angle detection neans 114 generally
utilizes a signal called an FG pul se that is generated fromthe output of
-4 Hall element of a disc notor. As the FG signal outputs three pul ses for
one roimatélopaeniath the Resignads macdogenagiadidcon i dasctdiditqtid nits
of 60 degrees is possible by counting both of a rising edge and a falling
edge. Fgnaleracddmtinqre priepghedt e ratstthiohsbfiparetoatmdhoEGeag at e
rotation angle detection by frequency-dividing the FG pul se, and a net hod
of dettand iORIR heor rgetradriadre ss peattaatk arrashidetadtion enolag ikah ddyrqatdw di ng
the disc notor with a rotation speed detection neans using an encoder.

Ref er ancenduitey atKA kr dendtesclairopuiite Mddhsviftdr Wou@EIR: t he  nunber of
track crosses including the direction, on the basis of the output fromthe
rotati on angk€edteheet homnereans1408enahdst herobvatpons ahigdm théetkaok cross
detection neans 112 and the track cross direction detection neans 113. In
t he abgyendrendd ot casey titene tdte arotatglon ahgitee chis heralstEicirediestnsever y
60 degrees, one rotation is divided into six areas, and a signed track
count i3, obtRé nedtd ©forashy B ede t Ref e naeamsinel 4l gddéraehyt esi bi venta ol

means for processing 52
signal called an FG pulse that is generated from the output of a
Hall element of a disc motor. As the FG signal outputs three
pulses for one rotation with a three-phase motor, rotation angle
detection in units of 60 degrees is possible by counting both of
a rising edge and a falling edge. Further, there are proposed a
method of performing more accurate rotation angle detection by
frequency-dividing the FG pulse, and a method of detecting the
rotation speed at an arbitrarily resolution by providing the disc
motor with a rotation speed detection means using an encoder.
Reference numeral 115 denotes a count means for counting the
number of track crosses including the direction, on the basis of
the output from the rotation angle detection means 105, and the
outputs from the track cross detection means 112 and the track
cross direction detection means 113. In the above-mentioned case
where the rotation angle can be detected at every 60 degrees, one
rotation is divided into six areas, and a signed track count is

obtained for each area.

Reference numeral 116 denotes a control means for processing



the signals supplied fromthe conversion neans 108 and the count neans
115, and controlling the disc rotation neans 103, the reading neans 104,
the conversion neans 108, and the drive neans 109. Next, the operation
will be described. Initially, a deschption will be given of a step in
-which the control neans 116 sets a maximumrotation speed of the DVD ROM
pl ayer. A step of detecting the track pitch of the optical disc 102 wll
be described taking, for exanple, a method of determining the type of the
-information disc and selecting a standard track pitch according to the

i nf or netté o bl e diest fnygue . thds Lt we r's itdne TRVDSRAMSp laddde L hEO FO®EYT pl ay
plural types of information discs as described above, and the required

| i ght mean<el Bhd die cmtthodl 1 froy Wenetistd nop te tdereotdagys difgnaltheary anong
the plural disc types. Therefore, initially, the type of the |oaded disc
is deteidimngdndyn sy ard Husthetdmds: rFHom esesr 6,08, herdoddeed driinvfeoimeatison
disc is discrimnated between a ROM (CD-ROM R, DVD- ROMR) disc and a
rewiteipde disc (CO-RW, fromthe reflectivity of the information disc,
using a CD | aser, on the basis of the anplitude of a focus error signal

obt ai ned i nNkReYS theabplragndn intheemgeecribetds dilsdriimilig,ed bet ween a
DVD disc and a CD disc, fromthe degree of nodul ati on of an RF signal, and

t her eadd &fxipt BOWIWELL BNy i BUrEe Ansk&p gnalwiiaith @re celtactlediedrimal |y,

it is checked whether TOC (TABLE OF CONTENTS) information can be read

from thee dises 0f Mokin@ded il t 1o spded So £ haakas/pirmherl dyher 53

A step of detecting the track pitch of the optical disc 102

will be described taking, for example, a method of determining
the type of the information disc and selecting a standard track
pitch according to the information about the disc type. Usually,
the DVD-ROM player 101 can play plural types of information discs
as described above, and the required light source and the method
for generating a detection signal vary among the plural disc
types. Therefore, initially, the type of the loaded disc 1is
determined by various methods. For example, the loaded
information disc is discriminated between a ROM (CD-ROM/R, DVD-
ROM/R) disc and a rewritable disc (CD-RW), from the reflectivity
of the information disc, using a CD laser, on the basis of the
amplitude of a focus error signal obtained in focus search, and
furthermore, it is discriminated between a DVD disc and a CD disc,
from the degree of modulation of an RF signal, and thereafter,
required light source and signal path are selected. Finally, it

is checked whether TOC (TABLE OF CONTENTS) information can be

read from the disc or not, and further, it is checked whether the



di sc type selected fromthe contents of the TOC information is correct or
not. Then, the standard value of the track pitch according to the disc
type is selected. In a step of obtaining the result of counting by the
count neans when the disc is rotateddd the first rotation speed, the
.drive neans 104 is disabled, and the optical disc 102 is rotated at the
first rotation speed by controlling the disc rotation neans 103. Then, the
result of counting by the count nmeans 115 is captured. In this first
~énbodi nent, using a three-phase notor, wutilizing an FG signal outputted
from aliat |tyenmiectde fran dtiorcamgnts o ddihat®Y dnfaaatiamdg sand
falling edges of the FG signal, and the counted nunber of track crosses is
obt ai neskmdct evermnpot ot alhen, abliyd es vdinddrdegrbes . oFukhderragh RHIG i rst
enbodi ment, the first rotation speed is set at a sufficiently low speed
whi ch glaesrdinig caustehei dir st | toypdetsveenlédized eadi ng neans 104 and the
optical disc 102, and the nunber of track crosses caused by only the
eccentricitynbet weep bife cbpkiicdhgdithe r@2uandoft keuditsogr byathencoeafis 103
is neasured. Also in a step of obtaining the count of the count nmeans when
the opidomd wheae J02 dbst ol atwestatdd at tleastiomne rataticon spgeebhd that is
hi gher than the first rotation speed, the nunber of track crosses can be
count egl B¥e ENEiYs rod At i ondpeghredf HH tlegreesicals disd HEOXStiep wftattrdi ni ng
t he count of the count nmeans when the disc is rotated at the first

rotation speetsrsn tbtstidhrstecdhog catrol hingotnd dissoht@iaeibrat the

maxi mum rotati on 54
means 103. Then, the result of counting by the count means 115
is captured. In this first embodiment, using a three-phase motor,
utilizing an FG signal outputted from a Hall element, the
rotation angle is detected at the rising and falling edges of the
FG signal, and the counted number of track crosses is obtained at
every rotation angle of 60 degrees. Further, in this first
embodiment, the first rotation speed is set at a sufficiently low
speed which does not cause vibration between the reading means
104 and the optical disc 102, and the number of track crosses
caused by only the eccentricity between the optical disc 102 and
the disc rotation means 103 is measured.

Also in a step of obtaining the count of the count means
when the optical disc 102 is rotated with at least one rotation
speed that is higher than the first rotation speed, the number of
track crosses can be counted at every rotation angle of 60
degrees, as in the step of obtaining the count of the count means

when the disc is rotated at the first rotation speed. In this

first embodiment, the count is obtained at the maximum rotation



speed that is set for every disc type of the DVD-ROM pl ayer. Next, each of
the counts, obtained when the disc is rotated at the first speed and the at
| east one speed higher than the first speed is nmultiplied by the track
pitch which is detected in the trackdpitch detection step, thereby
.obtaining data of the track cross anount. In this enbodi nent, data of the
track cross anobunt at every 60 degrees is calculated fromthe nunber of
tracks counted at every rotation angle of 60 degrees. In a step of
-calculating the vibration anplitude of the optical disc 102 with respect

t 0 t hespessatlitigr nEansset0£ont ey enyack s tadps aagli—r]ilte PP RON PA YERe fir st
rotation speed is conpared wth the track cross anount detected with the
at | east onNextotahtbno§pebd hoghts thbainad WhesttBpeddscahd ¥deateBrati on
anplitude of the information disc with respect to the reading neans is

cal culzt etheorf it il afnd thid fadr drees thetee epatete hitghagk tdeds $hgnount s.

In this first enbodinent, a difference between the track cross anount
detecteihr st dged irstmuligiliien spedk anchdkhe ittredic kvhdrabs s sadsdec teet 4ot ed
at the maxi mumrotation speed is obtained at every rotation angle of 60

degr eeshe tther@bypi tedl cddaddtipra strank ez e aipmmiening e ttao athéhe brati on.
Then, the vibration anplitude is obtained on the assunption that the

Vi br at o4c i Scib$4 NusRirdal Wevethis eniséeimatt dedetran of nghd herakianoss

rotation speed, conparison is carried out as to whether the previously

ggt ai nggbwyé iatd-pn-@rg iddigleed s 1 owerl dilart il rifet ertee valieer @rf not.  Wen
tracks counted at every rotation angle of 60 degrees.

In a step of calculating the vibration amplitude of the
optical disc 102 with respect to the reading means 104, the track
cross amount detected at the first rotation speed is compared
with the track cross amount detected with the at least one
rotation speed higher than the first speed, and the vibration
amplitude of the information disc with respect to the reading
means is calculated on the basis of a difference between the
track cross amounts. In this first embodiment, a difference
between the track cross amount detected at the first rotation
speed and the track cross amount detected at the maximum rotation
speed is obtained at every rotation angle of 60 degrees, thereby
calculating a track cross component due to the vibration. Then,
the vibration amplitude is obtained on the assumption that the
vibration is a sinusoidal wave.

In a step of determining the maximum rotation speed,

comparison is carried out as to whether the previously obtained

vibration amplitude is lower than a reference value or not. When



it is lower than the reference value, the maximumrotation speed that is
set for every disc type is enployed, and when it is higher than the
reference value, a rotation speed |lower than the maxinmumrotation speed is
enpl oyed. Then, reproduction of data 68 carried out at a speed |ower than
«the set maxinumrotati on speed. Next, a description will be given of a case
where vibration of a COOROMis to be detected. A CD-ROM di sc | oaded on the
DVD- ROM pl ayer 101 is fixed to the disc rotation neans 103. Next, focus
"search is carried out wth a |laser beamfor CD-ROM and the anplitude of a
f ocus ier rier losiegnalhains teaswfedents aalesul tthe mexiowted otBIROM deed s
judged as a ROM di sc because its reflectivity is relatively high. Next,
the CBHROMid et Foroteateay atisa [myedetier mmpdd ysgeednoly whieer idi 46 rotati on
means 103, and the degree of nodul ation of an RF signal is neasured. The
meas urngdiidegrearoft hmld farde des vedmear ed romatthica sgfeeceioweralthen wier eby
the CD-ROM disc is judged as a CD disc, whereby the result of disc

j udgen®itinitn & B3RO silex@ iwWhempd dMa.ROM disc is enployed, the disc is
judged as a DVD-ROM disc in the sane manner as descri bed above, and then

it is checkpdnyhetpesdhbei WDoRWhEaSEsi 8anr DYE- BAL 76X (&1 apkeqi Loker O 74
m or a DVD-R3.9G (track pitch: 0.8m by reading the TOC information,

wher eidp drha He adt pldxGhngan e e Erebd Next, the CD-ROM disc is rotated
at a sufficiently | ow speed, 1200rpm which does not cause vibration
bet ween t hendiksC andetBeiplion will be given of a case where vibration

of a CD-ROM is to be detected.

A CD-ROM disc loaded on the DVD-ROM player 101 is fixed to
the disc rotation means 103. Next, focus search is carried out
with a laser beam for CD-ROM, and the amplitude of a focus error
signal is measured. As a result, the loaded CD-ROM disc is
judged as a ROM disc because its reflectivity is relatively high.
Next, the CD-ROM disc is rotated at a predetermined speed by the
disc rotation means 103, and the degree of modulation of an RF
signal is measured. The measured degree of amplitude is compared
with a reference value, whereby the CD-RCOM disc is judged as a CD
disc, whereby the result of disc judgement is a CD-ROM. Also
when a DVD-ROM disc is employed, the disc is judged as a DVD-RCM
disc in the same manner as described above, and then it is
checked whether the DVD-ROM disc is a DVD-R4.7G (track pitch:
0.74pm) or a DVD-R3.9G (track pitch: 0.8um) by reading the TOC
information, whereby the track pitch can be detected.

Next, the CD-ROM disc is rotated at a sufficiently low speed,

1200rpm, which does not cause vibration between the disc and the



readi ng means 104. Then, the traverse drive neans 110 and the tracking
actuator 111 are disabled, and the count of the count neans 115 is
obtained at every rotation angle of 60 degrees. Since no vibration occurs
bet ween the disc and the readi ng nean86 104, the count due to only the
-eccentricity conponent between themis obtained. For exanple, the count
may be obtained by a nethod of perform ng counting for plural rotations
with one rotation as a unit, and averaging the obtained counts, or a
“method of performing counting for plural rotations as described above, and
sel ectiewgdirg amare Wb ai nBierouthe, tipiierse cbuits megich 1 @nsbtthfupposed
to be false counts. Next, the CO-ROMdisc is rotated at the maxi num

r ot at i tareclsirer e ofud trer CO-IRAM alicicsablred;/hiagdexddyeplagunthe ICBhROOHNSC i s
able to perform CAV pl ayback at 24X(maxi mum -speed, 12X-speed, and

6X- spagshnsSi IC® 1 $eoltrxi medn atoteatd mn pead.drs B00@ of GhelegrE¥sspeed i s
2500rpm and the 6X-speed is 1250rpm the count when the disc is rotated
at 5008 e i 150 obilst dietbn Nexdyra ek fiesre e hdtsseemd Hédec oeetds ngbiraiamesd  at
1200 rpm and 5000rpm for every rotation angle is cal cul ated, whereby the
track counttigslecdont htuyits adnlon we M ceixnt udinppridne  bedowrmry i city
conponent, is obtained. Finally, the vibration anplitude of this disc is
eval uatiesty f osmtdised ackogouRimpand, t tiee t c@akt phd ¢ Hoe asbtdimed yatéd on

speed or vibration acceleration is evaluated fromthe track count, the
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rotation as a unit, and averaging the obtained counts, or a
method of performing counting for plural rotations as described
above, and selecting, from the obtained counts, plural counts
which are not supposed to be false counts.

Next, the CD-ROM disc is rotated at the maximum rotation
speed of the CD-ROM disc. In this example, the CD-ROM disc is
able to perform CAV playback at 24X (maximum)-speed, 12X-speed,
and 6X-speed. Since the maximum rotation speed is 5000rpm, the
12X-speed is 2500rpm, and the 6X-speed is 1250rpm, the count when
the disc is rotated at 5000rpm is obtained.

Next, a difference between the counts obtained at 1200 rpm
and 5000rpm for every rotation angle is calculated, whereby the
track count due to the vibration at 5000rpm, excluding the
eccentricity component, is obtained.

Finally, the vibration amplitude of this disc is evaluated
from this track count and the track pitch, or the vibration speed

or vibration acceleration is evaluated from the track count, the

track pitch, and the rotation speed of 5000rpm, and it is decided



whether the disc is to be rotated at the maxi numrotati on speed or not,
according to whether the vibration anplitude, or the vibration speed, or
the vibration acceleration is |ower than the allowable value or not. For
exanpl e; when it is higher than the &l owable value, the maximumrotation
-speed is reduced to 2500rpm of the 12X-speed. As descri bed above,
according to the first enbodinent, the vibration anount, or vibration
speed, or vibration acceleration is evaluated considering the track pitch
“of the disc, and a maxi numrotation speed that is |ower ‘than the allowable
vi br amherthegnpihiet ddsc és obbat iretadigse @t dheyimgrdiienh retediionatiPsff t he
informati on disc recording/playback apparatus is decided. Therefore,

vi br attiromodet écdomslican tise vihethiead tdet Viddinag 19ns s 1d tuder e Soltéeval ue,

i ndependently of the type of the information disc. In this first
enbodividmat icoumpesgl, ofort Hdvet madic adriegs @ ded ergdriidned sodiowgr fihgnalthe
rotati on speeds while detecting the rotation angle, and a difference

bet weerl lidwainlies vedlueulcat exbtt.o Rt adxenmhke t e cidunits duieghiex ilmmattihen.
However, there nmay be enployed a nethod of sinply counting the track

cr ossesl latwail 1y ataluegt athieomesgiarens nittaidunn detesct iirsy naskiaest &0 @ 0Qrgme and
then taking a difference between them or a nethod of counting the track
Ccrossest athea 12X@peadat ati on speed wi thout detecting the rotation angle.
Furthernore, while in this first enbodi nent eval uation of 58

As described above, according to the first embodiment, the

vibration amount, or vibration speed, or vibration acceleration
is evaluated considering the track pitch of the disc, and a
maximum rotation speed that is lower than the allowable vibration
amplitude, or vibration speed, or vibration acceleration of the
information disc recording/playback apparatus is decided.
Therefore, vibration detection can be carried out using a single
threshold value, independently of the type of the information
disc.

In this first embodiment, counting of the track crosses is
carried out at plural rotation speeds while detecting the
rotation angle, and a difference between them is calculated to
obtain the track count due to vibration. However, there may be
employed a method of simply counting the track crosses at plural
rotation speeds without detecting the rotation angle and then
taking a difference between them, or a method of counting the
track crosses at a single rotation speed without detecting the
rotation angle.

Furthermore, while in this first embodiment evaluation of



vibration is perfornmed on the basis of a difference between the count

obt ai ned at a | ow speed at which no vibration occurs and the count

obtai ned at the naxi numrotation speed, it may be perforned on the basis of
a difference between the count obtaind® at a rotation speed at which
.¥ibration occurs and the count obtained at the maxi numrotation speed.
Further, not the maxi num rotation speed but a rotation speed | ower than
the maxi num rotation speed nay be enpl oyed. Furthernore, evaluation may be
-carried out at two or nore rotation speeds, and the playback speed may be
set asvibrébisn ihepenkdrmed ot athorbapeedt & speblerdmierbatiegen Hreraxi num
rotati on speed, a speed |ower than that speed, ... Mreover, in this first
enbodi ceuht o¢hbheatonedtad aubderspéedtatckhiclbgsesvilsratdan p¢¢@dr$)yart¢1e track
pitch to obtain data of the track cross anmount, and the track cross anount
due totheiboantoobtsived cat atlee hyx Open atotatide speak, crogsawnmint, and
the vibration anplitude is obtained on the basis of the track cross anount
due t op¥iboahéanon Hohevieasiasof oa dheférende fhdoheenftidecdist, ol twel ved ue
of the track pitch itself may be enployed, or the ratio of track pitches
of plusal adisestivy Hecedphoyeldich Futhhet dmt epcovnen de rherbesuf track
crosses due to vibration is obtained by operating the result of counting,

the nugbenifédt 88CKhe ChogsREm MByLtdei ol épedd ed byrther) rask phéchakdmait ai n

the track cross anmount due to vibration and, thereafter, the vibration

anpl i t ygeatBYnbgpebliabieda AbtLtNGhi ¥ebyd 1dewi thad | O afmuiriub9
rotation speed may be employed. Furthermore, evaluation may be
carried out at two or more rotation speeds, and the playback
speed may be set as follows: the maximum rotation speed, a speed
lower than the maximum rotation speed, a speed lower than that
speed, |

Moreover, in this first embodiment, the counted number of

track crosses is multiplied by the track pitch to obtain data of
the track cross amount, and the track cross amount due to
vibration is calculated by operating the track cross amount, and
the vibration amplitude is obtained on the basis of the track
cross amount due to vibration. However, as for the track pitch
of the disc, the value of the track pitch itself may be employed,
or the ratio of track pitches of plural discs may be employed.
Furthermore, when the number of track crosses due to vibration is
obtained by operating the result of counting, the number of track
crosses may be multiplied by the track pitch to obtain the track

cross amount due to vibration and, thereafter, the vibration

amplitude may be obtained. Alternatively, the vibration amount



t

w th the nunber of track crosses as a unit nay be obtained, and the

vi bration gnount may be nultiplied by the track pitch to obtain the

vi bration anplitude. Furthernore, while in this first enbodi nent the
vibration anplitude is obtained and @8npared with a reference val ue, not
the vibration anplitude itself but a value in proportion to the vibration
anplitude or a value in proportion to the second power of the vibration
anplitude may be calculated to be conpared with the reference val ue.
Further, the vibration speed or vibration acceleration nmay be obtai ned

i nst eatl @t & numbrer ioh Gtk tassaide a4 i 1Y kg drisddiafentand
detection of vibration of a CD-ROMdisc is described, vibrations of discs
havi ng-hd ¥ idrmaition ramdkupt tlehesoe Juch: Hsl e DY die £k R3.9d, t@an be
detected in |ike manner as descri bed above. While in this first enbodi nent

a DVD-?OM il aytes Chipedt eorofampl Apidyy. CD- ROM DVD- ROM DVD- R3. 9G, and
DVD-R4. 7G i s described as an exanple, any information disc player may be
enpl oyed asFuohperasriet, ehdlel ap phasalf ikstdembbdinktotniiheomildirstsohavi ng
different track pitches. Furthernore, while in this first enbodi mrent a
DVD- RQvipl Atyeie is cetszindddamd commpeeseplvel th e mpriesmartcd medntd,omats
applicable to a case where a maxi numrecordi ng speed at recording is set
in otftes wibhtatblen race) i udg pl Bydat Kowtp pared use sirs yoto@se tGorR toCRW - and
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vibration amplitude or a value in proportion to the second power
of the vibration amplitude may be calculated to be compared with
the reference value. Further, the vibration speed or vibration
acceleration may be obtained instead of the vibration amplitude.

While in this first embodiment detection of vibration of a
CD-ROM disc is described, vibrations of discs having different
track pitches, such as a DVD and a DVD-R3.9G, can be detected in
like manner as described above.

While in this first embodiment a DVD-ROM player capable of
playing CD-ROM, DVD-ROM, DVD-R3.9G, and DVD-R4.7G is described as
an example, any information disc player may be employed as long
as it can play plural kinds of information discs having different
track pitches.

Furthermore, while in this first embodiment a DVD-ROM player
is described as an example, the present invention is applicable
to a case where a maximum recording speed at recording is set in
other writable recording/playback apparatuses such as CD-R, CD-RW,

and DVD-R.

(Embodiment 2)



Hereinafter, am information disc recording/playback apparatus and a
vibration detection nethod for the information disc recording/playback
apparatus according to a second enbodinment of the present invention wll
be described, taking a DVD-ROM playeflas an exanple, with reference to
-figure 2. In figure 2, the sane reference nunerals as those shown in
figure 1 denote the sanme or corresponding parts, and reference nuneral 201
denotes a track cross speed detection neans for detecting a track cross
"speed on the basis of the output fromthe track cross detection neans 112.
The count mameinestesunts thdéormadk onodrs cpiesey dimid/®@lagdrsdt i ng t he
direction when the track cross speed is |lower than a predeterm ned val ue,
and coapparaties tandka colbrapionsedeehion nefchedt fog the rfeetabiemhen the
track cross speed is higher than the predeterm ned value, on the basis of
the oudpsit fecowdhey/plagheck osspapeds deteerdong neans 28ondhen it is
switched to "without direction detection", the track cross direction can
be knembodimée dastilse gfr¢dentdi imednivhombial helde whescrbuedi ngaking a
direction detection has been nost recently carried out. The nmaxi mnum speed
at whi DVD+R@C kp Loyt | 09 amh t daln et i with de¢ et énce can begesaerz ed out
depends on the track counting nethod or the disc type. For exanple, when
tracki ng errer fdefieet i2on the Game et fettenye nure taireeshedseetshodf dm a CD
or by the phase difference nethod for a DVD, generally the three-beam

met hodriguabl & deonpes feen $dme or corresponding parts, and reference

numeral 201 denotes a track cross speed detection means for
detecting a track cross speed on the basis of the output from the
track cross detection means 112.

The count means 115 counts the track count pulses while
detecting the direction when the track cross speed is lower than
a predetermined value, and counts the track count pulses without
detecting the direction when the track cross speed is higher than
the predetermined value, on the basis of the output from the
track cross speed detection means 201. When it is switched to
"without direction detection"”, the track cross direction can be
known on the basis of the direction obtained when counting with
direction detection has been most recently carried out.

The maximum speed at which track counting with direction
detection can be carried out depends on the track counting method
or the disc type.

For example, when tracking error detection is carried out by
the three-beam method for a CD or by the phase difference method

for a DVD, generally the three-beam method is able to perform



direction detection at a higher speed. Accordingly, a threshold value for
determning as to whether track counting is to be carried out with
direction detection or not nay be set for each disc type, or it may be set
adaptively to a disc of the |owest sfded at which track counting with
-direction detection is possible. As described above, according to the
second enbodi nent, the track cross speed detection neans 201 is provided,
and the track counting nethod is changed by detecting the track cross
~frequency. Therefore, even when detection of the track cross direction is
di f fi cdl regetemséegcien chayehighehesreek heserdpbeshy: 12 agkretrti ng
can be performed with accuracy, whereby accurate vibration detection can
be pervolwedfer & termieing (Erbodiwieth®) Hea@h mawdringns MioMfati on di sc
recordi ng/ pl ayback apparatus and a vibration detection nethod for the
i nf or nearvhed dbst wiedordi reg bl ey bdetke apben punee duryitr e dahigarh
enbodi nent of the present invention will be described, taking a DVD ROV
pl ayerdasc anyexanpt ei t wiay befseenadapoivelpures 8 dimt & f Ithd ipwest3, the
sane reference nunerals as those shown in figure 1 denote the sane or
cor r esppadd ngt peint sh anack efeurnteg winerdl r S0icends esctal rerics cr oss area
detection neans for detecting an area where the track cross speed has the
| owestpoysibee. The rotati on angle detection neans 114 usually enploys a
signal called an FG pul se that is generated fromthe output of a 62

As described above, according to the second embodiment, the

track cross speed detection means 201 is provided, and the track
counting method is changed by detecting the track cross frequency.
Therefore, even when detection of the track cross direction is
difficult because of the change in the track cross speed, track
counting can be performed with accuracy, whereby accurate
vibration detection can be performed at all times.

(Embodiment 3)

Hereinafter, an information disc recording/playback
apparatus and a vibration detection method for the information
disc recording/playback apparatus according to a third embodiment
of the present invention will be described, taking a DVD-ROM
player as an example, with reference to figures 3 and 6.

In figure 3, the same reference numerals as those shown in
figure 1 denote the same or corresponding parts, and reference
numeral 301 denotes a zero cross area detection means for
detecting an area where the track cross speed has the lowest
value. The rotation angle detection means 114 usually employs a

signal called an FG pulse that is generated from the output of a



Hal | elenmgnt of a disc notor. Since the FG signal outputs three pulses for
one roptatigogn with a three-phase notor, rotation angle detection in units
of 60 degrees can be carried out by counting both of rising and falling
edges. In this third embodiment, a d&%ription will be given of a case

- where rotation angle detection is perforned in units of 60 degrees using
the FG pul ses. The zero cross area detection neans 301 detects two areas
each including a position where the track cross speed has the | owest

val ue. For exanple, there may be enployed a nethod of detecting areas
wher e HabltehekerEoss apdbicheetene | BWRSE VREUEG HY9IBREnguERBLEr BRke®r 0SS
speed detection neans 112, or a method of detecting, as zero cross areas,
an ar epuhpes efeheoR®soPtdelonalifeh of Elwec@TRzksS € JIMEC hasr et iomeatddal ue,
and an area on a diagonal line with respect to the area from anong the

si x- di detedtiomeds. uktei nhf 6erdegreesceaptboncariiedeoyt vien edurting eason
why the area where the absolute value of the track count has the | owest
val ue hothtbé aisdngnamddfapbiay ¢dgesw t hnrespecthiovdt éinbodament, aaong t he
si x-divided areas, are zero cross areas. Figure 6 is a graph illustrating

t he andestrpptiospihateneatgivéntdhe zoumse byhethe cotmtiomamsglld5 at every
rotation angle, which displacenent is caused by vibration or eccentricity.
A coudtt®Affoh is pezfoomedoss amebs WE héh degoege wiirdd =Ofe 60G mhisdsis a
si gned count obtained when performng direction detection, is represented
by 63 The zero cross area detection means 301 detects two areas

each including a position where the track cross speed has the
lowest value. For example, there may be employed a method of
detecting areas where the track cross speed has the lowest value
by using the track cross speed detection means 112, or a method
of detecting, as zero cross areas, an area where the absolute
value of the track count has the lowest value, and an area on a
diagonal line with respect to the area from among the six-divided
areas.

Hereinafter, a description will be given of the reason why
the area where the absolute value of the track count has the
lowest value and the area on a diagonal line with respect to this
area, among the six-divided areas, are zero Ccross areas.

Figure 6 is a graph illustrating the amount of displacement
of the count by the count means 115 at every rotation angle,
which displacement is caused by vibration or eccentricity. A
count DAT[n] in a zero cross area within a range of ¢=0~60" ,
which is a signed count obtained when performing direction

detection, is represented by



(Formula 23) DAT[n] = T, cos(qg5) - T, cos(O - 60) Likew se, counts DAT[n]
and DAT[n+l] in two areas which are not zero cross areas, within a range
of 0=0""60 , are represented by (Formula 24) DA T[n + 1] = T, cos(O + 60)
- T. cos(O (Formula 25) DAT[n + 2] 63T, cos(O + 120) - T, cos(O + 60) A
. maxi mum val ue of IDAT[n]l within this range is represented by when 0=0,
600 I DAT[n] 1= 0.5T, Likewi se, m ninmumval ues of DAT[n+l] and DAT[n+2] are
represented by , when 0=00 I DAT[n + 1] 1= 0.5T, , when 0=60" DAT[n + 2]
-1= 0.5T, According, the follow ng relationship always holds. | DAT[n] 1zl
DAT[ n #FdimileaDAE)N + 2] 1 Li kewi se, when the count is obtained w thout
performng direction detection, since only the nunber of track crosses is
count ed di sregdpATmd =tTeos(ppek, arsfhs6d) rection, a count DAT[n] in a zero
cross area, within a range of 0=0-600 , with cos(0) as a

Likewise, counts DAT(n] and DAT[n+l] in two areas which are

not zero cross areas, within a range of ¢ =0~60" , are
represented by
(Formula 24)
DAT[n+1]=T, cos(¢ + 60) - T, cos(¢)
(Formula 25)
DAT[n+2)="T, cos(¢ +120) — T, cos(¢ + 60)
A maximum value of |DAT[n)}| within this range is represented
by
when ¢=0, 60° ,
| DAT[n]|=0.5T,
Likewise, minimum values of DAT[n+1] and DAT[n+2] are
represented by
when ¢=0° ,
| DAT[n+1]|=0.57,
when ¢=60° ,
| DAT[n+2]]=0.57,
According, the following relationship always holds.
| DAT[n]|2| DAT[n+1],| DATn + 21|
Likewise, when the count is obtained without performing
direction detection, since only the number of track crosses is

counted disregarding the track cross direction, a count DAT([n] in

a zero cross area, within a range of $=0~60"° , with cos(0) as a




64 boundary, is represented by (Fornula 26) DA T[n] =l Tc (cos(0) -
cos(gd)) I, + 1 T. (cos(O- 60) - cos(0)) and, as in the above-described
case of performng direction detection, counts in tw areas which are not
the zero cross areas are representedfBy (Formula 27) DAT[n + 1] = T,
.cos(gs + 60) - T, cos(O (Formula 28) DAT[n + 2] = T. cos(O + 120) - T,
cos(O + 60) A nmaxi num value of IDAT[n]l within this range is represented by
when 0=0, 600 DAT[n] I= 0.5T, Likew se, m ninum val ues of DAT[n+1l] and
-DAT[ n+2] are represented by , when 0=00 DAT[n + 1] 1= 0.57 when 0=600
DAT[ n bo@jddry 0. 5T, reAmomatittayl f so in this case, the follow ng
relationship always holds. | DAT[n] I-1 DAT[n + 1], | DAT[n + 2] Next, an
exanpl eFafmsrectd) ¢ operation according to the third enbodinent will be
descri bed.
DAT([n] =| T (cos(0) — cos(@)) | + | T, (cos(¢ — 60) — cos(0)) |
and, as in the above-described case of performing direction
detection, counts in two areas which are not the zero cross areas
are represented by
(Formula 27)
DAT[n+1]=T, cos(¢ + 60) — T, cos(d)
(Formula 28)
DAT[n+2]=T, cos(¢ +120) — T, cos(¢ + 60)
A maximum value of |DAT[n]| within this range is represented
by
when ¢=0, 60° ,
| DAT[n]|=0.5T,
Likewise, minimum values of DAT[n+1] and DAT[n+2] are
represented by
when ¢=0°,
| DAT[n+1]|=0.57,
when ¢=60° ,
| DAT[n+2]|=0.51,
According, also in this case, the following relationship
always holds.
| DAT[n] |2| DAT[n +1],| DATIn +2]|

Next, an example of specific operation according to the

third embodiment will be described.



65 Initially, the optical disc 102 is rotated at a predeterm ned rotation
speed, After the traverse drive neans 110 and the tracking actuator 111
are disabl ed, the count of the count nmeans 115 is obtained for every
rotation angle of 60 degrees. At thi$58ine, the count is obtained by any
~-of the follow ng nmethods: a nethod of obtaining the count with direction
detection for an area which is judged as a zero cross area by the zero
cross area detection means 301 while obtaining the count wthout direction
detection for other areas; a method of obtaining the count with direction
det ecti on additheldounthewicpitdgrldidiect il det sotpsrdseparatel y, and
selecting the count wth direction detection for the zero cross area while
sel ectprede tdmnoemt rakathbon stheedt i o~Aftler ethé obrdver ot herive aaganandl &

met hod of obtaining the count with direction detection and the count

wi t howindli tleet toackliet@cddioma tabr t hel sane disahlehd Tt estundy of Hhecount with
direction detection for the zero cross area while selecting the count

Wi t houtoutit enddoe Ueb ecs | cntdimedt fer everms.rotafridreranale arfea6d hat adopt s
the data without direction detection can obtain the same count as that
with diegeseon deteehisntbye, addengothe $&gobvéimedusy @ueveodusharea that
adopts the data with direction detection, or by adding the sign of a

furthefo DIEViNgSmetliedsi fathethawto prevt OIS ey echeadapirst tviet o ad iar ed tt roouit
direction detection. As described above, according to the third enbodi nent
of thejepsesert toV¥eahi fhea SHNLENtHE FEIPed TS Sa af o det@ed | redarBANSIR01

zero cross area detection means 301 while obtaining the count
without direction detection for other areas; a method of
obtaining the count with direction detection and the count
without direction detection separately, and selecting the count
with direction detection for the zero cross area while selecting
the count without direction detection for other areas; and a
method of obtaining the count with direction detection and the
count without direction detection at the same time, and selecting
the count with direction detection for the zero cross area while
selecting the count without direction detection for other areas.
Further, an area that adopts the data without direction detection
can obtain the same count as that with direction detection by
adding the sign of a just previous area that adopts the data with
direction detection, or by adding the sign of a further previous
area if the just previous area adopts the data without direction
detection.

As described above, according to the third embodiment of the

present invention, since the zero cross area detection means 301



66 is provided, the track cross detection nethod is switched between the
area where,the track cross speed has the | owest value and the other areas,
anong the areas divided with the rotation angle obtained by the rotation
angl e detection neans 114, and track 66ounting is carried out with
-direction detection for the area where the track cross speed has the
| owest value while it is carried out without direction detection for the
ot her areas, whereby the optinumtrack counting nethod can be sel ected
~according to variations in the track cross speed, and accurate vibration
det ectiisorpman deel,c aitre dramlt catosa |detiqmsion Efisdl rghtswit dhackibediean, an
i nformati on di sc recordi ng/ pl ayback apparatus and a vibration detection
met hodtHeoratdze whefray ritd diraak sorassc el avy/MaE saytiee KL caysser atadsieacesy diheg to
a fourth enbodiment of the present invention will be described taking a
DVD- R myre s ameaxamie amdash disfietehoel ttho fheguradalt 18 rew ltche
fundanental construction of the apparatus is identical to that of the
first eyhodigeny tepeattad ides ariqitd aletdctinot mesoessldrdy,. adekttraark exanpl e
of specific operation of this fourth enbodiment will be described
enpl oyddeh ey rig atdan eangher wiliedte i e tnean ddtlatt orDd R «dizsed oaded on
the DVD-ROM player 101 is fixed to the disc rotation neans 103. Next,

focus geafChes Gadl akd8l spddd) tad aser fowe GD-ROMe andi tde tand i t ude of
a focus error signal is neasured. As a result, the DVD-ROM di sc is judged
as @ carried out without direction detection for the other areas,
whereby the optimum track counting method can be selected
according to variations in the track cross speed, and accurate
vibration detection can be carried out at all times.
(Embodiment 4)
Hereinafter, an information disc recording/playback
apparatus and a vibration detection method for the information
disc recording/playback apparatus according to a fourth
embodiment of the present invention will be described taking a
DVD-ROM player as an example, with reference to figure 1.
Since the fundamental construction of the apparatus is
identical to that of the first embodiment, repeated description
is not necessary. Next, an example of specific operation of this
fourth embodiment will be described employing the rotation angle
detection means 114.
A DVD-ROM disc loaded on the DVD-ROM player 101 is fixed to
the disc rotation means 103. Next, focus search is carried out

with a laser for CD-ROM, and the amplitude of a focus error

signal is measured. As a result, the DVD-ROM disc is judged as a



67 ROM di sc because its reflectivity is relatively high. Next, the DvVD ROM
disc s rotated at a predeterm ned speed by the disc rotation neans 103,
and the degree of nodul ation of an RF signal is neasured. The neasured
degree of nodul ation is conpared with67a reference val ue, whereby the disc
-1s judged as a DVD disc. Consequently, the disc judgenent result is a
DVD-ROM In this fourth enbodinent, the DVD-ROM disc is able to perform
8X-speed pl ayback at 4590r pm (maxi num speed), 5X-speed playback at

- 2870rpm and 2.5X-speed playback at 1435rpm and a |ow speed at which no

Vi br atRom disurksetsudd3brpmreM échivony deteetidbively dargh ed Bext atti8O00r pm
and 4000rpm and it is judged whether or not the detected vibration anounts
are | opeD-Rbdndasc as | owabtedvabratpoadabemmined $heed X s pded &kt t he
8X-speed, respectively. Further, the allowable vibration amunt is 100u m
Initiakbyatibe YERREROWSE) sendsthotdégdeatoiddddplatiat ¢85 an ROfdigiant |y

| ow speed at which no vibration occurs between the disc and the reading
means 184neAkteedt heTheamensarddi degreanst mdQuaadidheisrackpagedcyirahor
111 are disabled, the count of the count neans 115 is obtained at every

rotati gnrangtbenet 601degrwesSreb i tik€ AOs¥i s ajhdfedCasirs D v § he di sc
and the reading neans 104, the count due to only the eccentricity

conpongshsbgtiveeNy} hehe di86c afddgErRehEagdé 8@l FeaNSa 1D+ morebt ai ned. For
exanple, the count may be obtai ned by a nethod of perform ng counting for

plural rotatipng; W tdh e rGRIdiRkms, ananinvD-RoM AMe/cadisnapiike toobt ai ned

counts, or a nethod of performng counting for plural
perform 8X-speed playback at 4590rpm (maximum speed), 5X-speed
playback at 2870rpm, and 2.5X-speed playback at 1435rpm, and a
low speed at which no vibration occurs is 1435rpm. Vibration
detection is carried out at 3000rpm and 4000rpm, and it is judged
whether or not the detected vibration amounts are lower than an
allowable vibration amount at the 5X-speed and the 8X-speed,
respectively. Further, the allowable vibration amount is 100um.

Initially, the DVD-ROM disc is rotated at 1435rpm that is a

sufficiently low speed at which no vibration occurs between the
disc and the reading means 104. After the traverse drive means
110 and the tracking actuator 111 are disabled, the count of the
count means 115 is obtained at every rotation angle of 60 degrees.
Since no vibration occurs between the disc and the reading means
104, the count due to only the eccentricity component between the
disc and the reading means 104 is obtained. For example, the
count may be obtained by a method of performing counting for

plural rotations with one rotation as a unit, and averaging the

obtained counts, or a method of performing counting for plural



counts,
For exanple, it is

68 rotatigons as descri bed above, and selecting, fromthe obtained
plural counts which are not supposed to be fal se counts.
assuned that the data neasured for four rotations with direction detection
in each of the six-divided areas, an@8&he average of the neasured data in
. each area are as follows: (Table 1) counts at 1400r pm

No. area[ O] area[ 1] area[ 2] area[ 3] area[ 4] area[ 5] 15739-17-57-3518
25939- 20- 55- 3518 35737-18-57-3422 45739-18-59- 3314

aver age57. 538. 5- 18. 3-57. 0-34. 318. 0 Li kewi se, counting is carried out at
3000r pmtathierns tas sdescsimed abeite t nd camt &cEin@000rem Hre dxtdigldbws:
(Tabl e 2) counts at 3000r pm No. area[ O] area[ 1] area[ 2] area[ 3] area[ 4] area[ s]
17149-@12160s A§1B1241 4922t H WO BT 49 225 @@ Uy 251 -0l skl -BRIE s .
average7l. 549. 5-21. 25-69. 5-4918. 25 a difference between the @ average

val ues of tHFert exekpdeyuntit is assumed that the data measured for four

rotations with direction detection in each of the six-divided

areas, and the average of the measured data in each area are as
follows:
(Table 1)
counts at 1400rpm
No. |area{0] areall] areal2] area{3] areal4] arealb]
1 57 39 -17 -57 -35 18
2 59 39 -20 -55 -35 18
3 57 37 -18 -57 -34 22
4 57 39 -18 -59 -33 14
average 57.5 38.5 -18.3 -57.0 -34.3 18.0

Likewise, counting is

carried out at 3000rpm.

assumed that the counts at 3000rpm are as follows:

When it is

(Table 2)
counts at 3000rpm
No. |areal[0] areall] areal2] areal3] areal4] areal[5]
1 71 49 -21 -69 -48 18
2 71 49 =22 -69 -49 19
3 72 49 -22 ~-69 ~-49 18
4 72 51 -20 -71 -50 18
average 71.5 49.5 -21.25 -69.5 -49 18.25

a difference between the @ average values of the track counts

obtained at 1435rpm and 3000rpm in each area is represented by




obtai ned at 1435rpm and 3000rpmin each area is represented by 69 (Table 3)
counts at 3000r pm 1400r pm DAT[ 1] DAT[ 2] DAT[ 3] DAT[4] DAT[5] DAT [0] 14.0
11.0 -3. 0 -12. 5 -14. 8 0.3 rl and, these counts are track counts due to
vibration. In order to obtain the vibf&ion amount fromthe data shown in
. {Table 3), these data are substituted into (Formula 12) and (Formula 13),
whereby 12 pieces of data are obtained as follows: (Table 4) calculated

vi bration anmounts (3000r pm 1400r pm)
“vibrationvibrationvibrationvibrationvibrationvibration

anount &hawke attbunt anount anount anount 1[ 011[ 111[ 211[ 311[ 4] 1[ 53 444439485248
vi brationvi brationvi brationvi brationvi brationvibration
anountanountanountanountawm@ﬂﬁa@ﬁuﬁﬂoﬂF@PI1F9P1qu1[3]1[4]1[5] 444157435039
By averagi ng thﬁ%& [.bﬁﬁ} BT ji,] D'AU?J _bﬁTiEﬂj" 1b%’ff4’?”u A’I‘LSJLb obt ai ned as

fol | O r T IAAYAVRRAY T Q ul CTICT T }
di SC,W:[shevl/ibb?trfl 4.0 11.0 125 VAR D %‘& is a DvD- ROM

and, these counts are track counts due to vibration.

In order to obtain the vibration amount from the data shown

in (Table 3), these data are substituted into (Formula 12) and

(Formula 13), whereby 12 pieces of data are obtained as follows:

(Table 4)

calculated vibration amounts (3000rpm-1400rpm)

vibration |vibration |vibration |vibration |vibration ;vibration
amount amount amount amount amount amount
1[0] 1[1] 1[02] 1[3] 1[4] 1[5]

44 44 39 48 52 48
vibration |vibration |vibration |vibration |vibration |vibration
amount amount amount amount amount amount
1[0] 1[1] 1[2] 1[03] 1{4] 1[5]

44 41 57 43 50 39

By averaging these 12 pieces of data,

is obtained as follows.

vibration amount =

Further,

46 tracks

since this disc is a DVD-ROM disc,

the vibration amount

the wvibration

amount is multiplied by the track pitch of 0.74um, whereby the

vibration amplitude is obtained as follows.

vibration amplitude =

34.04

[ um]

Since the allowable maximum vibration amount of the system

is 100um and the obtained vibration amplitude is lower than the




anount is nultirplied by the track pitch of O 74 m whereby the vibration
anplitude i.s obtained as follows. vibration anplitude = 34.04 [ nl Since
t he al | owabl e maxi mum vi brati on amount of the system is 100 u mand the
obtai ned vibration anplitude is | ower than the 70 all owabl e val ue, the disc
- tan be rotated at the 5X-speed, i.e., 2870rpm Next, counting is carried
out at 4000rpm Wen it is assuned that the counts at 4000rpm are as
follows: (Table 5) counts at 4000rpm
'hb.area%O]area[l]area[Z area[ 3] area[ 4] area[ 5] 1-618613353-78-132

2- 62863 3258aly8e 18318 61883 3358C 78an 33e 4rghabadaat- viae 138-speed, i.e.,
aver age-61. 584. 75132. 554. 5-77. 25-132. 75 a difference between the average
val ues2®70¥p@-track counts obtained at 1435rpm and 3000rpmin each area is
represented by (Table 6) counts at 4000r pm 1400rpm DAT [ O ] DAT[ 1] DAT[ 2]
DAT[ 3] DAT[ AexDAT[®Unting §.50 %@ rizdlsmt &1 ¥00Bpm3. When it is

assumed that the counts at 4000rpm are as follows:

(Table 5)

counts at 4000rpm

No. |area[0] areall] areal2] areal3] area(4] area([5]

1 -61 86 133 53 ~-78 -132

2 -62 86 132 53 -78 -133

3 -6l 85 132 56 -78 -133

4 -62 82 133 56 -75 -133
average -61.5 84.75 132.5 54.5 ~77.25 | -132.75

a difference between the average values of the track counts
obtained at 1435rpm and 3000rpm in each area is represented by

(Table 6)

counts at 4000rpm-1400rpm

DAT[1l] |DAT[2]
46.3 150.8

DAT[O]
-119.0

DAT [3]
111.5

DAT[4]
-43.0

DAT[5]
-150.8

and, these counts are track counts due to vibration.
In order to obtain the vibration amount from the data shown

in (Table 3), these data are substituted into (Formula 12) and

(Formula 13), whereby 12 pieces of data are obtained as follows:



-150. 8 and, these counts are track counts due to vibration. In order to
obtain the, vibration anount fromthe data shown in (Table 3), these data
are substituted into (Formula 12) and (Formula 13), whereby 12 pieces of
data are obtained as foll ows: 71 (Tadh e 7) cal cul ated vibration anounts
- {4000r pm 1400r pm) vi brationvi brationvi brationvibrationvibrationvibration
anount anount anount anount anount anount 1[ 011[ 111(211[311[411[51
171154156159155159 vi brati onvi brati onvi brati onvi brati onvi brati onvi bration
- anount anount anobunt anmount anount anount 1[011[111[211[ 31 11[411[51
159162158bE8168154 By averaging these 12 pieces of data, the vibration
anount is obtained as follows. vibration amount = 159 tracks Further,
since this chQﬁiquia¥Q§ﬂ¥JhyﬂQﬂQn:amﬂﬂﬁbﬁ bR 0ERm-ddSeFPm) s nultlplled by

.|. )

the t au\ L,II Dt O 741 the T I J T Tedas
fol | s ug |)Hl§F§Eﬁ hdeégb% 88 [V% %' Llr?gle ﬁﬂ%f%quﬁ ‘Xifﬁiflgh
V|brat??§1ﬁ unt ??1# syst% e 1[4] o]

171 154 156 159 155 159
vibration |vibration |vibration |vibration |vibration |vibration
amount amount amount amount amount amount
1[0] 1[(1] 1[2] 1[3] 1[4] 1[(5]

159 162 155 156 168 154

By averaging these 12 pieces of data, the vibration amount

is obtained as follows.
vibration amount = 159 tracks

Further, since this disc is a DVD-ROM disc, the vibration
amount is multiplied by the track pitch of 0.74um, whereby the
vibration amplitude is obtained as follows.

vibration amplitude = 117.66 [ pum]

Since the allowable maximum vibration amount of the system
is 100um and the obtained vibration amplitude is higher than the
allowable value, the disc cannot be rotated at the 8X-speed, i.e.,
4590rpm, and therefore, the maximum rotation speed is set at the
5X-speed.

Hereinafter, a description will be given of the reason why
the vibration amount, the vibration speed, and the vibration
acceleration can be expressed by (Formula 12)~ (Formula 17),
using the signed counts obtained with direction detection.

When the track count area is divided inte six sections at



is 100, umand'the obtained vibration anplitude is higher than the

al I owabl e val ue, the disc cannot be rotated at the 8X-speed, i.e.,

4590rpm and therefore, the maxinumrotation speed is set at the 5X-speed.
Hereinafter, a description will be givieh of the reason why the vibration
-anmount, the vibration speed, and the vibration acceleration can be
expressed by (Fornmula 12)”~-(Formula 17), wusing the signed counts obtained
with direction detection. Wen the track count area is divided into six
“sections at 72 every 60 degrees and counting is carried out for each

secti ofVeryheOl cédesrcen a2p@hcaeeting is ¢epresdneet byr (Faehusectdyn,

assum ng that the respective sections are 0-5, the vibration anount is
Tc, anBh¢heowhbistn agfle BECthentiackepreptatedeny (BooontaatOh, starting
point in section O is 4i. (Fornmula 29) DAT[n] = T, cos(30n + 0) - T,

cos( 30mssufing 66ha WWiehne t hespat i ve sbetie@spest & ve~sectitonsy iy iare DAT [
0] =a, DAT[1]=b, DAT[2]=c, DAT[3]=-a, DAT[4]=-b, DAT[5]=-c, from (Fornula
29), DNP@ORLI 5s rBor evehtBe phddForandg e 30§ DA Ofack Tgicos(d)ereraos(o - 60))
= T,(cos(O - cos(O cos(60) + sin(gb5) sin(60)) = TJ ~ cos(g5)+ 2 sin(0Q)
=T, si n{fidanf) St neesSanf{ing pont LWs§&chion20,is ¢ .

(Formula 29)
DAT[n] =T, cos(30n +¢) — T, cos(30n + ¢ — 60)

When the data in the respective sections 0~5 are DAT[0]=a,
DAT[l]=b, DAT[2]=c, DAT[3]=-a, DAT[4]=-b, DAT[5]=-c, from
(Formula 29), DAT[0] is represented by
(Formula 30)

DAT[0] =T, (cos(@) — cos(g — 60))
=T (cos(@) — cos(@) cos(60) + sin(¢@) sin(60))

= T cos(@)+ % sin(4))
=T, sin(¢ +,)

_ 3
Since sm(a])=—2-, cos(¢, =%,

o, =60
-~ DAT[0] =T, sin(¢ + 60)
=qa

Likewise, DAT[1l] is represented by

{Formula 31)

DAT[0] =T (cos(¢ + 60) — cos(¢))
=T (cos(@) cos(60) — sin( #) sin(60) — cos(d))

=T (—;- cos(d) — g sin(¢@))
= T'a Sin(¢ + az)



al =60 DAT[O] =T. sin(O+ 60) =a Likew se, DAT[1l] is represented by
(Formula 31) DAT[O0] = T.(cos(g5 + 60) - cos()) = T(cos(O cos(60) - sin(O
sin(60) - cos(0)) =T, (2 cos(gb) - 2sin(0)) =T, sin(O+ a2 ) 73 Since
sin(a2) 2, cos(a2) = 2 a2 = -60 DA T[] = TT sin(g5 - 60) =b From
. (Formula 30), (Formula 32) sin(O+ 60) =T C Then, (Formula 31) is
represented by (Formula 33) DAT[1] =T, sin(O+ 60 - 120) =T, (sin(O + 60)
cos(-120) + sin(-120) cos(O + 60)) =TC (- | sin(O+ 60) - 2 cos(g + 60))
-=TC(- 2 sin(O+ 60):F 1- sin 2 (O+ 60)) TI(-2T + 2 1-(T2 )=b

Accor di ngI Yy, 3 1
Since sin(a,)=-—, cos(a,)=—
2 2’
a, =—60
- DAT[1] =T, sin(¢ — 60)
=h

From (Formula 30),
(Formula 32)

sin(é + 60) = %

Then, (Formula 31) is represented by
(Formula 33)

DATN1] =T, sin(¢ + 60—120)
=T (sin(¢ + 60) cos(—120) + sin(—120) cos(p + 60))

= Tc(—%sin(gﬁ +60) — %cos@ +60))

= Tc(——l-sin(¢+ 60)¢£J1 —~sin*(¢ + 60))

\/_
=T 1- =b
Y i

Accordingly,

(Formula 34)

Likewise, since DAT[0]=a, DAT[2]=c,




(Formula 34) 2a+ 2 TT2-a2 =b 2 a2 =b+la 4(TT2-a2)=b2+ab+la TC= a2+ab+b2
Li kewi se, since DAT[O] =a, DAT[2]=c, 74 (Formula 35) 2 ~ a2 -ac+c2 TO =
and, therefore, (Formula 12) and (Fornula 13) are derived from (Formula
34) and (Fornula 35). Furthernore, thd4track cross due to the eccentricity
-or vibration is represented by a sinusoidal wave as follows, using the
Tc, phase angle 0, and angular velocity co. (Formula 36) f (t) = T. cos(wt
+ Then t he absol ute value of the track cross speed is obtained by

i dlfferentlatlng Forrmula 36) as follows. (Formula 37) df (t) dt = COTI, |
si n(wt (Boxgyulg w =27cf, and f=Vrpm 60 (Vrpm (Formula 38) (df(t) =2,

I si n(wt +0)
and, therefore, (Formula 12) and (Formula 13) are derived from
(Formula 34) and (Formula 35).
Furthermore, the track cross due to the eccentricity or
vibration is represented by a sinusoidal wave as follows, using
the T¢, phase angle ¢, and angular velocity w.
(Formula 36)
f(@®) =T, cos(ot + @)
Then, the absolute value of the track cross speed is obtained by
differentiating (Formula 36) as follows.

(Formula 37)

'df(’) T, | sin(ot + @) |

d

Since w=2nf, and f=Vrpm/60 (Vrpm: present rotation speed [rpm]),

(Formula 38)

‘d{i(t’) 24T, | sinof + @) |
2”62""" T | sin(of + ) |

Since (Formula 38) becomes maximum when
(Formula 39)
|sin(wt +¢@) |=1
(Formula 14) and (Formula 15) are derived from (Formula 34) and

(Formula 35), respectively.



dt 2, Tv. . PmT, | sin(wt + 0) 1 60 present rotation speed [rpn]), Since
(Formul a 38) becones maxi num when (Forrmula 39) 1 sin(w + 0)1=1 (Formnul a
14) and (Forrmula 15) (Formula 35), respectively. are derived from (Formul a
34) and 75 Furthernore, the absolute V& ue of the track cross acceleration
.4s obtained by differentiating (Fornula 38) as follows. (Formula 40) d2f
(t) dt2 2 60Pm )2 I cos(rvt + 0) 1 Since (Fornmula 27) becones maxi num when
(Formula 41) cos(w + 0) =1 (Fornula 16) and (Fornula 17) are derived from
“(Formula 34) and (Fornul a 35%, respectively. As described above, according
to the fourfuréhgsacment tbe apRelpies¥atuenPénitiién tr@cdn CERESvi br at i on

anplitude, or vibration
acceleration is obtained by differentiating (Formula 38) as

follows.

(Formula 40)

2 27V
IO e oo+

Since (Formula 27) becomes maximum when
(Formula 41)
cos(wt + @) =1
(Formula 16) and (Formula 17) are derived from (Formula 34) and
(Formula 35), respectively.

As described above, according to the fourth embodiment of
the present invention, when the vibration amplitude, or vibration
speed, or vibration acceleration is evaluated considering the
track pitch of the optical disc 102, it is calculated at every
predetermined rotation angle and an average of the results of
calculation is obtained, and a maximum rotation speed that is
lower than the allowable vibration amplitude, or vibration speed,
or vibration acceleration of the information disc
recording/playback apparatus is determined on the basis of the
average. Therefore, vibration detection can be carried out more
accurately as compared with the first embodiment, using a single
threshold value, independently of the type of the information
disc.

While in this fourth embodiment, setting of the maximum



speed, or ,vibration acceleration is evaluated considering the track pitch

of the optical disc 102, it is calculated at every predeterm ned rotation

angl e and an average of the results of calculation is obtained, and a

maxi mum rotation speed that is |ower #han the all owabl e vibration
- ;anplitude, or vibration speed, or vibration acceleration of the
information disc recording/playback apparatus is determ ned on the basis
of the average. Therefore, vibration detection can be carried out nore
accurately as conpared wth the first enbodinment, using a single threshold
val ue, rehaependented of Ehe PYDEROM dhecihd il Beddidee W% n t hi s
fourth enbodi ment, setting of the maximum 76 rotation speed of the DVD- ROM
di sc i 50Eetter berleedheo Fraxt e tyReat¢ braspeedsavingtteifengds 9fadk scs
having different track pitches, such as a CD-ROM di sc having a track pitch
of 1. 6piothes, DVIER329G diBeROMvd hgc ahaviaek PpitrdclofpltBmodn. @l 0 olre
obt ai ned by judging as to whether the neasured maxi num vibration anount is
| ower &hBVD+R2. a6| ovabl kaviey astngck heistlandfara. 8 pagk cap tadlsoobeeach di sc
and the vibration anmount. Further, while in this fourth enbodi nent the
vi br at vobaimeduny jsdobbai asdtomwhéaehdasilse ofied fiered enagonod Aibys wiges of
data, the vibration anount may be obtained using the average of m pieces
of cenamabniwalsietoget echan thenmnlhewdlll¢i eres owfimatehe wiahdared araanged
in the order of size, or using a value in proportion to the average.

pitch of each disc and the vibration amount.

Further, while in this fourth embodiment the vibration
amount is obtained on the basis of the average of 12 pieces of
data, the vibration amount may be obtained using the average of m
pieces of central values selected from the 12 pieces of data
which are arranged in the order of sige, or using a value in
proportion to the average.

Furthermore, while in this fourth embodiment the maximum
playback speed is set on the basis of the vibration amplitude,
the maximum playback speed may be set using a value in proportion
to the vibration amplitude or a value in proportion to the second
power of the vibration amplitude. Alternatively, the maximum
playback speed may be set on the basis of the vibration speed or
a value in proportion to the vibration speed or the second power
of the vibration speed, using (Formula 14) and (Formula 15) as
well as the disc rotation speed. Further, the maximum playback
speed may be set on the basis of the vibration acceleration speed
or a value in proportion to the vibration acceleration speed or

the second power of the vibration acceleration speed, using



Furthernore, while in this fourth enbodi nent the maxi num playback speed is
set on the,basis of the vibration anplitude, the maxi mum pl ayback speed
may be set using a value in proportion to the vibration anplitude or a
value in proportion to the second powef of the vibration anplitude.

« ‘Alternatively, the maxi mum pl ayback speed may be set on the basis of the
vi bration speed or a value in proportion to the vibration speed or the
second power of the vibration speed, using (Forrmula 14) and (Fornula 15)

~as well as the disc rotation speed. Further, the maxi mum playback speed
may be(Bermghat he) basds (Bormudavi bl ad§ oie bt cab eklae i dhsgpeedat ben aspegde in
proportion to the vibration accel eration speed or the second power of the
vi brati on adkglemvagt onlsigeedn ddiisy fopythorempod iren tarvdr e Pexigiuar 17) as
well as the disc rotation speed. Mreover, while in this fourth enbodi nent
t he magiavhackl agbadkispeet o8 the basiheobathe @fta hebtatrmedbfar nkouf or
four rotations each rotation being divided into six areas, the maxi num
pl aybac&tspeeds magcherobtbioedobingedsvided tata soxraspasdi Dge troaximum
continuous two or nore areas. (Enbodinent 5) Hereinafter, an information
di sc retaydank/ ppaybanky hppabbbiusedndy angabuat ng@ndaied ecd romspehdiodg fos t he
information disc recording/playback apparatus according to a fifth
enbodi aentinabushewpresembrengeatson will be described taking a DVD- ROM
pl ayer as an exanple, with reference to figure 4. In figure 4, the sane
ref er enEebodbeenatss5as t hose shown in

Hereinafter, an information disc recording/playback
apparatus and a vibration detection method for the information
disc recording/playback apparatus according to a fifth embodiment
of the present invention will be described taking a DVD-ROM
player as an example, with reference to figure 4.

In figure 4, the same reference numerals as those shown in
figure 1 denote the same or corresponding parts, and reference
numeral 116a denotes a control means having a linear speed
detection means 401 and a playback speed detection means 402.

The linear speed detection means 401 detects the linear speed of
the disc. For example, the linear speed is detected as follows.
An address value at a certain radial position is previously read,
one-track jumping is carried out, an address value at the
destination of the track jumping is read, and a difference
between the address values is obtained as the linear speed.
Alternatively, the length of one rotation of the disc is obtained
from a radial position, and the linear speed of the disc is

obtained on the basis of the radio of the length to the



figure 1 denote the sanme or corresponding parts, and reference nuneral
116a ¢enotgs a control neans having a linear speed detection neans 401 and
a playback speed detection neans 402. The |inear speed detection nmeans 401
detects the |inear speed of the disc.7%or exanple, the linear speed is

- detected as follows. An address value at a certain radial position is
previously read, one-track junping is carried out, an address value at the
destination of the track junping is read, and a difference between the

" address values is obtained as the |inear speed. Alternatively, the |ength
of onedtbtarsRre dPetReni Biee i Rrepiainkd ohrahmed radinesposi tion, fandnae

| i near speed of the disc is obtained on the basis of the radio of the

| engt T2 EHen 78 AhefRtereacketneed gnbepEbononsanysohPai detleatidrese val ues
for one rotation. The playback speed detection neans 402 detects the

cur r enupreybaeka gprekl. srerd exahprecxampleur toat cpraghhcklapeadk $mseed
obtained fromthe cycle of a PLL which generates a data playback clock, or
it is bbtebhhrinen fhemblke scytle hef cycPlel ofhich fgemerateska vdatch i s
outputted for every frame of data. Next, a description will be given of the
oper atp baybark obvekniog ithels reokaipiedhon Generlads s @B sting ngyd hatof he
track pitch of the disc is Tp, the linear speed is V1, the current address
posi tibrans @dhck hehichurisnmutrmdi edd pbet téwvery sframé hef ré@aizal position at
the innernost radius is RO, and the address value included in the wunit
time i s Adubieikt,t le deslclrawtignr elidtli beshkiigeholods the operation for

obtaining the track pitch.

Generally, assuming that the track pitch of the disc is Tp,
the linear speed is V1, the current address position is Ad, the
current radial position is r, the radial position at the
innermost radius is R0, and the address value included in the
unit time is Adunit, the following relationship holds.

(Formula 42)

r(r’ - R,) _4d
T Ad

p unit

Further, assuming that the current rotation speed is Vrpm,
the playback speed V2 at the radial position r is represented by
(Formula 43)

_ 27 Vom
¥V, 60

Therefore, assuming that the linear speed is V1, the current
address value is Ad, and the current rotation speed is Vrpm, the

track pitch Tp is represented by



(Formula 42) 7vr(r2 -R02) - V,Ad Tp Adu",, Further, assum ng that the
current rotation speed is Vrpm the playback speed V2 at the radial
positionr is represented by (Fornula 43) V2 V 60 Therefore, assum ng that
the linear speed is V1, the current &f8dress value is Ad, and the current
totation speed is Vrpm the track pitch Tp is represented by 79 (Formul a
44) Tn = 2 60V,V2 Ro 2 27tV,i, Adu.rr VjAd Accordingly, the track pitch
Tp can be obtained by further neasuring the current playback speed V2 at a
certain address Ad. Although the address Ad at which the current playback
speed (BgXmMlaoifdi ned may be an arbitrary address, when neasurenent is
carried out at an outer radial position, the accuracy is inproved. For
exanpl e, assum ng t aory, ROM digsc has |inear speed V1 = 1.25ns

pl ayback speed Ipeas rEgETt addr €55, AD = 60: 00: 00

om

Accordingly, the track pitch Tp can be obtained by further
measuring the current playback speed V2 at a certain address Ad.
Although the address Ad at which the current playback speed
V2 is obtained may be an arbitrary address, when measurement is
carried out at an outer radial position, the accuracy is improved.
For example, assuming that a CD-ROM disc has
linear speed V1 = 1.25m/s
playback speed measurement address AD = 60:00:00
= 270000 [frame]
rotation speed = 5300rpm
rlayback speed = 23.8X
according to the standard of CD-ROM,
Adunit = 75 [frame]
RO = 0.0249 [m]
are obtained, and these values are substituted into (Formula 44)
to obtain the track pitch as follows.
Tp = 1.573 [um]
As described above, according to the fifth embodiment, when
a move distance detection means for detecting the move distance
of the reading means 104 is provided, accurate vibration
detection can always be carried out by measuring the accurate

track pitch, even when the track pitch is different from the



= 270000 [frame] rotation speed = 5300rpm playback speed = 23.8X
according to the standard of CD-ROM Adunit = 75 [frame] Ro = 0.0249 [n]
are obtained, and these values are substituted into (Fornula 44) to obtain
the track pitch as follows. Tp = 1.5730gn] As descri bed above, according
~-to the fifth enbodi nent, when a nove distance detection nmeans for
detecting the nove distance of the reading neans 104 is provided, accurate
vibration detection can always be carried out by neasuring the accurate
“track pitch, even when the track pitch is different fromthe 80 standard
val ue Strandard sealyerthaiehigiset t edh thiegqror¥e whehurtihernezek wherh is
obtained fromthe |inear speed, address value, and playback speed,
accur dthee vitacit i phteet szt dore teed af very stibe 1icwealn expend, Bddwsssurialgid he
accurate track pitch, even when the track pitch is different fromthe
st andaardl wall aggoadlat spescdetadorrateachillf stti ary pis ted ttihon exhuc ed veost bani t hout
the necessity of adding a nove distance detection neans. Wiile in this
fifth crboddenit the neaske pid ctheofaec G ROM ralils il tchpbtaiaredshearhec e ack
pitches of discs based on other standards, such as a DVD or a DVD R3. 9G
can becmdtlaipiecch nid i dkief £ empamter £rasm deserd tetdabbwealue that is set for
each disc type, with reduced cost, without the necessity of
adding a move distance detection means.

While in this fifth embodiment the track pitch of a CD-ROM
disc is obtained, the track pitches of discs based on other
standards, such as a DVD or a DVD~-R3.9G, can be obtained in like
manner as described above,

Further, while in this fifth embodiment the track pitch is
obtained from the linear speed, address value, and playback speed,
the track pitch may be obtained as follows. As shown in figure
10, the control means 116b is provided with a move distance
detection means 403 for detecting the move distance of the
reading means 104, and the reading means 104 is moved while
counting the number of tracks, and the track pitch is obtained as
follows.

Tp = move distance/number of crossed tracks
(Embodiment 6)

Hereinafter, an information disc recording/playkack

apparatus and a vibration detection method for the information

disc recording/playback apparatus according to a sixth embodiment

of the present invention will be described taking a DVD-ROM



Further, while.in this fifth enbodi nent the track pitch is obtained from
the || near ,speed, address value, and pl ayback speed, the track pitch may
be obtained as follows. As shown in figure 10, the control neans 116b is
provided with a nove distance detecti8dn means 403 for detecting the nove

- di stance of the reading neans 104, and the reading neans 104 is noved
while counting the nunber of tracks, and the track pitch is obtained as
follows. Tp = nove di stance/ nunber of crossed tracks (Enbodi nent 6)

" Hereinafter, an information disc recording/playback apparatus and a
vi br atPbaveleta taloreratthiy fwrth ieeferengmtionf 1@iEe Tecor di ng/ pl ayback
apparatus according to a sixth enbodinent of the present invention will be
descri bed t dki #¢98rBVD, RONESSapkayefessngn axaspeds wst fhoskterdarve it
figure S. In figure 5, the sane reference nunerals as those shown in
fi gur eflgwenol ederhet sdiee oramorate SEoTich SPrpdit s P arns r eflet erefeeranageer al 501
denotes a variable filter neans having a function of shaping the track
cross mpuheesl ded kcdatys teherariadkl e riislst ed etasots dmnisansa Iithaoldrhatif t he
pul ses whose wi dths are narrower than a predeterm ned val ue, anong the
det ect€thpingeshe armmaiotcramEseHetati aafd@rhy achetthoaklofcandaial |y
setting the variable filter neans 501 wll be described. Wen setting the
vari abdetéctiet means B0 ,sd niltdtalihe guleses whose widths are narrower

than a predetermined value, among the detected pulses, are not
counted.

Hereinafter, a method of actually setting the variable
filter means 501 will be described.

When setting the variable filter means 501, initially, the
total number of track crosses for one or more rotation is counted
by the method in which the track cross direction is not detected.

At this time, it is necessary to set an initial set value of the
variable filter means 501, and usually, this initial wvalue must
be set at such a value that the minimum track count pulse width
corresponding to the maximum track cross speed is surely counted
when an eccentricity between the disc and the turn table and a
maximum vibration amplitude estimated at its rpm occur.

Assuming that the counted number of track crosses is 4Tc per
rotation, the maximum track cross speed can be obtained as
follows.

Initially, the track cross due to the eccentricity or

vibration is expressed by a sinusoidal wave. Using the above-

mentioned Tc, phase angle ¢, and angular velocity w, the track



total nunber of track crosses for one or nore rotation is counted by the
met hod in which the track cross direction is not detected. At this tine,
it is necessary to set an initial set value of the variable filter nmeans
501, and usually, this initial value it be set at such a value that the
m nimumtrack count pulse width corresponding to the maxi numtrack cross
speed is surely counted when an eccentricity between the disc and the turn
table and a nmaxi numvibration anplitude estimated at its rpm occur.
Assum ng that the counted nunber of track crosses is 4Tc per rotation, the
maxi muarosackscressespetddchy be obtained as follows. Initially, the track
cross due to the eccentricity or vibration is expressed by a sinusoidal
wave. UsSpngulbedabove- nentioned Tc, phase angle (~, and angul ar velocity
w, the track 82 cross is represented by (Formula 45) f (t) =T, cos(wm +
0) Then, the abg@)wt® cog{wae Mf the track cross speed is obtained by
differentiating (Formula 32) as follows. (Formula 46) df (t) dt = COT, |
sin(wt + O BBiawe heabl futand fusVrgiB@ (Preark arursrse rsfpercot dtsi on speed
[rpm ), (Formula 47)

obtained by differentiating (Formula 32) as follows.

(Formula 46)

dt

Since w=2=nf, and f=Vrpm/60 (Vrpm: current rotation speed [rpm]),

(Formula 47)

\df(t)

-_ZﬂV%"T

Accordingly, the maximum track cross speed is represented by

(Formula 48)

_ 2V
maximum track cross speed = 66” T,

and, the maximum track cross speed can be obtained from the value
of Te.

The minimum track count pulse width is calculated on the
basis of the maximum track cross speed. Assuming that the
maximum track cross speed is Vmax[tracks/s], as two
positive/negative pulses are outputted per track, the minimum
track count pulse width 1s represented by

(Formula 49)



df (t) = 2#T Isin(wt + 01 dt 2rVvP', T Isin((9t + 0)I 60 Accordingly, the
maxi mum track cross speed is represented by (Fornula 48) 2,V maxi numtrack
cross speed = 60 T, and, the maximumtrack cross speed can be obtained from
the value of Tc. The mininumtrack cod® pulse width is calculated on the

» basis of the maxi mumtrack cross speed. Assum ng that the nmaxi mnumtrack
cross speed is Vmax[tracks/s], as two positive/negative pul ses are
outputted per track, the minimum track count pulse width is represented by

" (Formula 49) 83 mninmumtrack count pulse width = 1 [s] 2Vmax Thereby, the
m ninumtrack count pulse width of the variable fnltei nmeans 501 is set.

For exanple, wierd tiotetk e Rt S sttty r?pfk_s[s er rotation at

3000rpmis 287, the maxi mumtrack cross speed is represented as foll ows:

Initially, since Tc = 287/4 = 71.75 and, from (Fornula 18),
Thereby, the minimum track count pulse width of the wvariable

filter means 501 is set. For example, when the total number of
counted tracks per rotation at 3000rpm is 287, the maximum track
cross speed is represented as follows:

Initially, since

Tc = 287/4 = 71.75
and, from (Formula 18),

Vmax = 22,54 kHz
and, therefore, the minimum track count pulse width is 22.18us
from (Fermula 49).

The variable filter means 501 is set on the basis of this
value so that pulses whose widths are narrower than the minimum
track count pulse obtained by the above calculation are also
counted, considering variations in the duty ratio of the normal
pulse width, or the like.

In this sixth embodiment, the variable filter means 501 is
set so that a pulse having a width of up to 5.54us, which is one
fourth of 22.18us, is counted as a track cross signal.

During high-~speed driving, the duty ratio of the track count
pulse might significantly vary due to an influence of vibration
in the focusing direction, a reduction in the amplitude level of
the detection signal for track counting, or the like. 1In this

case, the variable filter means 501 may be set so that a pulse



Vmax = 22.54 kHz and, therefore, the mninumtrack count pulse width is
22.18s from (Forrmula 49). The variable filter nmeans 501 is set on the
basis of this value so that pul ses whose widths are narrower than the

m ni mum track count pul se obtai ned b§4the above cal cul ation are al so

- counted, considering variations in the duty ratio of the normal pul se
width, or the like. In this sixth enbodinent, the variable filter neans 501
is set so that a pulse having a width of up to 5.54s, which is one fourth
~of 22.18s, is counted as a track cross signal. During high-speed driving,

t he ditayimat iso rofr ndwen mbckhedgntcoumilese ifi ghl véingniaft @aslepdv &dghedie to an
i nfl uence of vibration in the focusing direction, a reduction in the

anpl i thiden |eevmetedsft emmfim edbtviedivieon ssiegpeic tfegl,  tWhddle dourfhiengbodie t he |i ke.
In this case, the variable filter neans 501 may be set so that a pul se 84
havi ngxeanydra evera miedtdb iasi neouitye dliivii dmigvithe ae laudpded mighaun haack
predeterm ned value is expected, while in the above exanple a value

obt ai nedirty wildedivwigittthéoycal qulestedth mmimerumatingckis cowioved s w d¢etr by a
predeterm ned value is enployed as a set value of the filter neans 501.
When tiheldeg ack tdountilngd sugeers @oted by the method in which a signed count
is outputted because direction detection is carried out, the cal cul ation
met hod is sapewhahedifhekenbuhtony tbapepEothnededyabheemeEhodexanphichin

t he system of outputting
a signed count is outputted because direction detection is
carried out, the calculation method is somewhat different from
that mentioned above. For example, in the system of outputting
rotation angle information obtained by dividing one rotation into
six areas, assuming that the count in each area for one rotation
is

DAT [n] = DAT[O],DAT({1],DAT(2],DAT[3],DAT[4],DAT[S]

(when n>5, n = n mod 6 (a remainder of n being divided by 6),
the maximum track cross speed becomes as represented by (Formula
19) or (Formula 20). Thereby, data of plural maximum track cross
speeds are obtained, and the minimum track count pulse width may
be set similarly by using the average of these data, or the
average of m pieces of central values of these data, or the like.

As described above, according to the sixth embodiment of the
present invention, setting of the track cross filter by the
variable filter means 501 is carried out on the basis of the
track cross count and the current rpm, so that the pulses whose

widths are narrower than a predetermined value are not counted.

Therefore, even when the track cross speed varies significantly



rotation angle information obtained by dividing one rotation into six
areas, assumng that the count in each area for one rotation is DAT[n] =
DAT[ O] , DAT[ 1], DAT[ 2], DAT[ 3], DAT[ 4], DAT[ 5] (when n>5, n =n nod 6 (a

remai nder of n being divided by 6), % nmaxi numtrack cross speed becones
- as represented by (Fornmula 19) or (Formula 20). Thereby, data of plural
maxi mumtrack cross speeds are obtained, and the m ninumtrack count pul se
width may be set simlarly by using the average of these data, or the

" average of m pieces of central values of these data, or the like. As

descri®erl thovke eeedhdi eyl o 2hevBxa bl @bl Bemtdbict herapf es@itting
invention, setting of the track cross filter by the variable filter neans
501 i sneslt r$edtdute ofrx Hellpeat sonfdetrct ionckerros sacvumtahd ¢deried rent
rpm so that the pul ses whose w dths are narrower than a predeterm ned
val ue arte ambtakbunimels. Therefore, even when the track cross speed varies
significantly 85 due to the eccentricity or vibration of the disc, track
counting mbsitieiriralriee fSerttingr atfi dhedatiediiuon teae kbecandu patleley wdathi ed
out at all tines. Furthernore, setting of the m ninumtrack count pulse
wi dt h mapybdecaar i¢@dwutomnky yorome eodbd e eolotd B magthiidet tacic kcaount £dor
detecting the vibration anount at each rotation speed, or it nmay be
carri edetoatt &veryhé | idot diel clat anduwottindt) dach dedttect iorg ddwed) byatitomayount
i s obtained. (Enbodinent 7)
be carried out every time the data (count) for detecting the
vibration amount is obtained.
(Embodiment 7)
Hereinafter, an information disc recording/playback
apparatus and a vibration detection method for the information
disc recording/playback apparatus according to a seventh
embodiment of the present invention will be described taking a
DVD-ROM player as an example, with reference to figures 5 and 6.
Usually, a general purpose microcomputer having a relatively
small size is employed as a control means for computer peripheral
equipment such as a DVD-RCM player. Such microcomputer is
basically adaptive to integer arithmetic only, and therefore,
floating-point arithmetic or square root trigonometric function
must be dealt with by software.
In the calculation formula (Formula 19) or (Formula 20)
which is employed when the track counting is carried out by the
method in which a signed count is outputted because direction

detection is carried out as described for the sixth embodiment,

it is necessary to obtain square roots, resulting in a problem



Hereinafter, an information disc recording/playback apparatus and a
vi bration detection nethod for the information disc recording/playback
apparatus according to a seventh enbodiment of the present invention wll
be described taking a DVD ROM pl ayer 88s an exanple, with reference to
- figures 5 and 6. Usually, a general purpose m croconputer having a
relatively small size is enployed as a control neans for conputer
peripheral equi pnent such as a DVD-ROM pl ayer. Such m croconputer is
" basically adaptive to integer arithnmetic only, and therefore,
f 1 oat i AR poF e %@mbwf&mg%maﬁi@n%@n@rﬁ%ﬁd@ medYidied ifo  nust be
dealt with by software. In the calculation formula (Fornula 19) or (Fornula
20) V¥ ERRMSE beph by enObeFs thelt itk LWURRN if idesariiast ahaveoy the
met hod in which a signed count is outputted because direction detection is
carri ebhetefase deserilpes ¢d3et hassixkhg epfiodi nent, it is necessary to
obtain square roots, resulting in a problem 86 that t he nunber of program
st eps and tW@EHmﬁe=fé@dﬂﬂédBﬂ@ﬂl]aﬂﬂﬂﬁﬁébDéTéBé,DﬁEdéés@HTﬂﬁ]the system as
descri bed above. Therefore, in this case, assumng that DAT[n] =
DAT[ 0] , DAT[ {pheATR215, DATE3h, DAT 4] ,(BATEBRi6dRenofi>8, baingndhwiddéd(ay 6),
remai nder of n being divided by 6), and the rotation speed of the disc
r ot at i amd nela@sro sa Vi pni spedd of Fodrenud ts SMo T ion IMRAEHD]ids MdEPATERR] # DAT[ 2]
+ DAT[ 3] +IDAT[4]| + DAT[5] (Fornula 51)

(Formula 50)

= |DATT0] +|DATT| +|DAT[2]|+ |DAT[3] +|DATT4] +|DATIS)

(Formula 51)

, 24, 1 27 2
maximum track cross speed = T, = I, —
60 T 60 3

coszg

and, therefore, the maximum track cross speed can be calculated
with reduced number of program steps and reduced arithmetic time,
and the variable filter means can be set on the basis of the
maximum track cross speed.

This is explained as focllows with reference to figure 6.

Figure 6 is a graph illustrating the amount of displacement
of the count at every rotation angle, which displacement is
caused by vibration or eccentricity.

Initially, the track cross due to eccentricity or wvibration
is expressed as a sinusoidal wave, in like manner as described
for the sixth embodiment. Using the Tc¢, phase angle ¢, and

angular speed w, the track cross is represented by

{Formula 52)



maxi mum track eross speed =2 60 P. TT 1 =2 6VP" T, <cos 6 and,
therefore, ,the maxi mumtrack cross speed can be cal culated with reduced
nunber of program steps and reduced arithnmetic tine, and the variable
filter means can be set on the basis &7 the maximumtrack cross speed.
+ This is explained as follows with reference to figure 6. Figure 6 is a
graph illustrating the anount of displacenent of the count at every
rotation angle, which displacenent is caused by vibration or eccentricity.
“Initially, the track cross due to eccentricity or vibration is expressed
as a sinusoidal ,wave, inglike manner as described for the sixth
enbodi nment . Usﬁﬁé ﬁﬁ@ )T phase angle and angular speed w, the track cross
is represented by (Fornura 52) 87 sin(gh + 60) = a T, Then, this is
di vided at every 60 degrees by dividing one rotation into six sections, as
shown in figbea,6this fisgdiwided 601evkows 68 Wagekesmbyhed viddngande602
shows a waveformwhen g =30 . For exanple, when 0=0, assum ng that the
dat a corrasipondimp tol:0/sStior6)- 120 shARO M DiPATE 2§, .In, ficspecti vel y,
the respective data

601 shows a waveform when ¢=0, and 602 shows a waveform when ¢

=30°

For example, when ¢=0, assuming that the data corresponding
to 0~60° , 60~120° , 120~180° , ... are DAT[0], DAT[1],
DAT[2], ..., respectively, the respective data are represented as
follows.

(Formula 53)

DATI0] = T(cos(60) — cos(0)) = — % T
DATI1] = T, (cos(120) — cos(60)) = ~T,

DAT[2]= T, (cos(180) - cmﬂﬂm——%
Dﬂmzwmw»mmw)%
DAT[4])=T,(cos(300) — cos(240)) =T,
DAT[S] = T (cos(360) - cos(300)) = —;-

In this case, the Tc calculated from (Formula 21) becomes
the same as the original value of the Tec.

However, in the case where the boundary of the areas divided
at every 60 degrees as described above does not agree with the

position where the track move direction is inverted (in the case

of the waveform 601 when ¢=0, the position 603 or 604), the Tc



follows. (Formula 53) ... are DAT[ 0] , DAT[ 1] , DAT[Q = T(cos(60) -
cos(O) =- 2T, DAT11 =T, (cos(120) - cos(60)) = -T, DAT[2] =T.
(cos(180) - cos(120)) = - 2 T~ DAT[3] = TT(cos(240) - cos(180)) = 2 T~
DAT[4] = T. (cos(300) - cos(240)) = T,88DAT[5] = T, (cos(360) - cos(300)) =
»+1 T. 2 are represented as In this case, the Tc cal culated from (Formula 21)
becones the sane as the original value of the Tc. However, in the case
where the boundary of the areas divided at every 60 degrees as described
" above does not agree with the_ position where the track nove direction is
i nvert 681ErhatRE Eé{séFOBF‘uﬂ-ﬁez%gv@?ﬁ?ﬂfﬁﬁoim%éﬁrq‘}E@T} Ehe pokyinah 503 or
604), the Tc 88 cal cul ated by (Formula 21) becones snaller than the
ori gi nghdTéhe sadcthated BaKarel FaxFHuATEFacRPerdsalspdeecanss bevohes
| ower than the original value. Wien the Tc takes the smallest value, the
wavef oFFRrANENEI ordednal edadyesholiheby tho2Tarea ki ailre csheles D80, At
this time, the respective data are represented as follows. (Formnmula 54)
DAT[ 0] teeTraysfaoy andodivydyy-area as shown by 602 are obtained when

$=-30° . At this time, the respective data are represented as

follows.
(Formula 54)

DAT[0]= T(cos(30) —cos(-30)) =0

3

DAT(1] =T, (cos(90) — cos(30)) = - -

N

DAT[2] =T, (cos(150) - cos(90)) = ~ =T,

¢

DAT[3]=T,(cos(210) — cos(150)) =0
NE)

DATI4]=T, (c0s(270) - cos(210)) = =T,

B

DAT[S5] =T, (cos(330) - cos(270)) = _Z—TC

Therefore, the Tc calculated from (Formula 21) becomes 0.866
times the original Tec. Accordingly, when the track counting is
carried out by the method in which a signed count is outputted
because direction detection is carried out, a value smaller than
the original Te¢, i.e., 0.866 times the original Tc at the worst,
is calculated. Considering this effect, when calculating the
maximum track cross speed on the basis of the Tc calculated from
(Formula 21), (Formula 22) represents the maximum track cross
speed including the expected error.

As described above, according to the seventh embodiment, the

maximum track cross speed including an expected error is



DAT[1] =T, (co s(90) - co s(3 0)) T3 T, -53 DAT[ 2] T, (cos(150) -
cos(90)) =.- 2 T, DAT[3] = T. (cos(210) - cos(150)) 0 DA T[4] =T.
(cos(270) - cos(2 10)) =2 T, DAT[5] =T, (cos(330) - cos(270)) _ T, 2
Therefore, the Tc cal cul ated fron1(Fo#ﬁ%la 21) becones 0.866 tines the
-original Tc. Accordingly, when the track counting is carried out by the
met hod in which a signed count is outputted because direction detection is
carried out, a value smaller than the original Tc, i.e., 0.866 tinmes the
“original_ Tc_ at the worst, 1is calculated. Considering this effect, when

cal cul SR+ rglehed PRxFREPEPaBKOEr bR ShEed ohride BEeFs @RuRheng the
calculated from (Fornula 21), (Formula 22) represents the maxi mum track
cross CSheRHti FRPudphg the Ekpettemoesrbiltes Hestel oy Hwkaskrrding to
t he seventh enbodi nent, the maxinumtrack cross speed including an
expect B SRIBIMYE BY2¢k| CEPas etP®Rdt heTHAERECBE, t REAGK gRRANE+AG KIRT BSS

count and the current rpm and the track cross filter is set on the basis
of theuheaPhenfer avkbErbien spebectiprerednree a¢aekatolint¢awr Msstouts @it abl e
for vibration detection can be accurately carried out at all tines,

wi t houdlheelses i ywhthpet f beae gl bl de £ i peafownimg | add i Wi ethoutcalnghisior

cal cul ating square roots which require many program steps. (Enbodi nent 8)
Her ei naf tleeut anl¢gm$ oprach boutasing esguai gl @b oy belckch require many

program steps.
(Embodiment 8)

Hereinafter, an information disc recording/playback
apparatus and a vibration detection method for the information
disc recording/playback apparatus according to an eighth
embodiment of the present invention will be described taking a
DVD-ROM player as an example, with reference to figure 5. The
fundamental construction is identical to that shown in figure 5
and, therefore, the distinctive operation of this eighth
embodiment will be mainly described hereinafter.

When setting the variable filter means 501, initially, the
total number of track crosses for one or more rotation is counted
by the method in which the track cross direction is not detected.
At this time, it is necessary to set an initial set value of the
variable filter means 501, and usually, this initial value must
be set at such a value that the minimum track count pulse width
corresponding to the maximum track cross speed is surely counted
when an eccentricity between the disc and the turn table and a

maximum vibration amplitude estimated at its rpm occur.



-— ’ -
apparatus ,and a vibration detection nethod for the information disc
recor di ng/ pl ayback apparatus according to an eighth enbodi nent of the
present invention will be described taking a DvVD-ROM pl ayer as an exanpl e,
with reference to figure 5. The fundah®ntal construction is identical to
-4 hat showmn in figure 5 and, therefore, the distinctive operation of this
eighth enbodinent will be mainly descri bed hereinafter. When setting the
variable filter means 501, initially, the total nunber of track crosses
" for one or nore rotation is counted by the method in which the track cross
direction i SOOI ddiadd. thearcquaited inisben 9% readssargsies ses 4fr insint i al
set value of the variable filter means 501, and usually, this initial
val ue KA§etipe, seheanasi@hmatyatkecrhas sheedi hsnuepreaekteduhy pul se width
corresponding to the maxi numtrack cross speed is surely counted when an
eccent (Formnylbebbeenushegdike and phesé uamgiablpe amth andgwdd muraMdirat i on
anplitude estimated at its rpmoccur. | 90 Assumi ng that the counted nunber
of traeok.crosses is 4Tc per rotation, the maxinumtrack cross speed is
represented by (Formula 55), using the Tc, phase angle 0, and angul ar
vel oci tyor@ala pFbrnula 55) 27rV maxi numtrack cross speed -- r" T 60 c

27V

rpm

maximum track cross speed = 0
On the basis of this maximum track cross speed, the minimum
track count pulse width is calculated. Assuming that the maximum
track cross speed is Vmax [tracks/s], since two positive/negative
pulses are outputted per track, the minimum track count pulse

width is represented by

(Formula 56)

1
2V

max

minimum track count pulse width =

[s]

and the minimum track count pulse width of the variable filter
means 501 is set according to the above formula.

Further, setting the minimum track count pulse width is
carried out every time the data (count) for performing detection
of the vibration amount is obtained. When the value of the
minimum track count pulse width varies by a predetermined value
or more at the same rotation speed, there is a high possibility
of false track counting of the previous counts because an optimum
track count filter has not been set, and therefore, the value of

the minimum track count pulse width is discarded, and only the



—-
On the basis oft this maxi numtrack cross speed, the mninum track count
pul se wdth is calculated. Assum ng that the maxi num track cross speed is
Vmax [tracks/s], since two positive/negative pulses are outputted per
track, the mninmumtrack count pul se dth is represented by (Fornula 56)
m ni mum track count pulse width =1 Is] 2Vm,. and the m ninmumtrack count
pulse width of the variable filter neans 501 is set according to the above
formula. Further, setting the minimumtrack count pulse width is carried

"out every tine the data (count) for perform ng detection of the vibration

amount SPENGHt ZthEd. ke sheRg ey ghgs 16f benadopitainam theckosbuat fpul se wi dth
varies b% a predetermned value or nore at the sane rotation speed, there
is a hi'gRrFé<sThAeteFtion fal se track counting of the previous counts
because an ﬁgéinun1 track count filter has not been set, and therefore, the
val ue of t nile$ FokP ed a%kko‘é%urﬂCW%@wm hthe efi @elhr dedhodimukran! ythtdhe 91
counts after the change should be adopted as the counts for vibration
det ect CONNLEAS OBESFicHeBedb¢e thace6itdivagueoofhehei yhthabibodi hbat, méhrs
counts obtained before the set value of the variable filter neans 501 has
change@9%Byhasprbdagedniied vakedetermiped sréumobrusedebecausetthsed
possibility of false counting is high. Therefore, track counting nost
sui t abbecpysevitbeaprssibéilétyi of famsbecounting is high. Therefore,

track counting most suitable for vibration detection can be

accurately carried out at all times.

(Embodiment 9)

Hereinafter, an information disc recording/playback
apparatus and a vibration detection method for the information
disc recording/playback apparatus according to a ninth embodiment
of the present invention will be described taking a DVD-ROM
player as an example, with reference to figure 7.

In figure 7, the same reference numerals as those shown in
figure 1 denote the same or corresponding parts, and reference
numeral 701 denotes a pulse width storage means for holding the
width of a pulse that is just previous to the current pulse.
Reference numeral 702 denotes a filter means which receives the
track cross pulse outputted from the track cross pulse detection
means 112, and outputs it to the count means 115. At this time,
the pulse width is measured, and when the measured pulse width is
& predetermined value smaller than the pulse width stored in the

pulse width storage means 702, this pulse is regarded as one due

to false count and is not outputted.



ﬁ
accurately.carried out at all tines. (Enbodiment 9) Hereinafter, an
i nformation. di sc recordi ng/ pl ayback apparatus and a vi bration detection
met hod for the information disc recording/playback apparatus according to
a ninth enbodi ment of the present inv@&tion will be described taking a
*BVD-ROM pl ayer as an exanple, with reference to figure 7. In figure 7, the
sane reference nunerals as those shown in figure 1 denote the sane or
_correspondi ng parts, and reference nuneral 701 denotes a pulse width
storage neans for hoJding the w dth of a pulse that is just previous to
the current Pl g%.r Chet SREHEE AlinERANd0n dehetpslaefyidth Heahsiahioh
receives the track cross pulse outputted fromthe track cross pul se
det ect TGN HFEan$ e Peagvd ssubpdss Widtd sheuddumo tnbensoubsedAwhehi S tti e,
the pulse width is neasured, and when the neasured pulse width is a
pr edet &EFHES waRdE edmithiedr thigad Ushie bpevdousi BUA sst priddhi byt he pul se wi dth
storage neans 702, this pulse is regarded as one due to false count and is
not ouPFEAedgringd xstfier tfhe smeupteof Ochange in the pulse width that is
not counted, the neasured pulse width should not be counted when it
becones snalferd¢spenibed abeve pravioudipul te wiethibyh seisedeteitni aedhe
ratio, for exanple, 0.5. As described above, according to the ninth
enbodi REREEHL tLheensiesenthenpedseonidthespukagenwindbhsstoragadmeaas 701 and
t he

filter means 702 are provided, and when the filter means 702
judges that the measured pulse width is a predetermined value
smaller than the just-previous pulse width which is stored in the
pulse width storage means 701, this pulse is regarded as one due
to false detection caused by noise and is not counted by the
count means 115. Therefore, track counting most suitable for

vibration detection can be accurately carried out at all times,

without requiring time for excessive measurement.

APPLICABILITY IN INDUSTORY

An information disc recording/playback apparatus and a
vibration detection method for the information disc
recording/playback apparatus according to the present invention
are valuable as an information disc recording/playback apparatus
having a vibration measurement means for measuring vibrations
caused by eccentricity of a disc, and a vibration detection
method for the information disc recording/playback apparatus, and
particularly, the apparatus and method are valuable as those

having a construction for detecting vibrations using track



filter neams 702 are provided, and when the filter neans 702 judges that
the nmeasured pulse wdth is a predeterm ned value snaller than the
just-previous pulse width which is stored in the pul se width storage neans
701, this pulse is regarded as one due®3to fal se detection caused by noi se
*dnd is not counted by the count means 115. Therefore, track counting nost
suitable for vibration detection can be accurately carried out at al
.Mimes, without requiring time for excessive neasurenent. APPLICABILITY IN
INDUSTQ%%HQQ{%pfornation di sc recordi ng/ pl ayback apparatus and a vibration
detection nethod for the information disc recording/playback apparatus
according to the present invention are valuable as an information disc
recordi ng/ pl ayback apparatus having a vibration neasurenent neans for
measuring vibrations caused by eccentricity of a disc, and a vibration
detection nethod for the information disc recording/playback apparatus,
and particularly, the apparatus and nethod are val uable as those having a
construction for detecting vibrations using track a 93 . 4 counti ng.



