1 H GH SPEED SEARCHI NG The present I nventi on general I‘y. relates to t ape .
searching, and is concerned particularly, although not 5 excl usively with.

- high Speed searching of a digital ‘audio tape recorder ( g ?&% %rred
to asDAT). In a known DAT systema servo circuit is enp oye er _
‘tape searching function. - Conventignally, the 10 servo circuit is '

- enployed to performa function of speed- variable play such as normal speed

(Xl1), two-speed (X2), three- speed (X3), five-speed (X5), nine-speed (X9)

and sixteen-speed (X16) play and high spged searching of one-hundred-speed

(X100) ‘and two-hundred-speed (X200). 15 . However, the denmand for tape.

- searching faster than the two- h% e Grias G haes ari sen, as the
technique in the DAT systemis advanced. - Particularly, in order to read
out data stored on a data-storage tape with higher speed, there arises a

need to search therhapeppbsdne sixepshtidahergeferalhan rdlates to tape
t wo- hundr ed- speed. | n the case where a tape_se rChlﬂ[Sglf ast

hundr ed- speed>PRTERIBF ¢ e FTL c1F oi SRR IT e % nBRA CHER Yroi% Vé??g Rul t
to detectsa segaclusDvéigentithi hat;horspeca‘d zs'earcﬂmﬂg peHga adnwn.tafleamct he

L ape const ant SSPPnt SehEReho( AL EpERERE, ECREFURCRAACHATIT (M PTC 1ed as

shown in Figure 1, the relative velocity is found according to the

fol | owi ng procedurg fo 30 h6UA DALt stéﬂeapeegbsr@le&u&leeler bRb1BOES XY em

whi ch occur during fast tape sear e explained assum ng that the
 DAT syst em hapenfernnaditana éeﬂcm SupFtArhot atq:‘?)‘h"%‘ﬂtm@;h’rv

nqhgal PL@Y)  sePvb@BErcuit is employed to perform a function of speed-
variable play such as normal speed (Xl), two-speed (X2},
_three-—'_ speed (X3), flve—speed (X5), nlne-speed (X9) and
- sixteen-speed (X16) play and high speed searchn.n_g of
one—hundred—speed (XlOO) . and . two—hundred-—speed (X200)

15 However, the.-demand for tape searchlng faster than the

two—hundred—_spee_d play has arisen, as the technlque in the
DAT system is advanced. Particularly, in order to read
-out data stored on a data_rstorage _tape with hi_gher speed',
there arises a need to search the tape with a speed higher

20 than. the two-hundred-'speed. |
_. In the cese"whe:e a 't'ape searching faster than two-
~ hundred-speed is enforced according to a known method it

i’s'very difficult to detect a start ID (ident'ification) 'qf

25 each program wrltten on: the tape, while ‘keeping the

relative veloc:.ty between a head drum and the tape'
| constant.- In other words,' if the velocity of the drum is
corrected as shown. in Figure 1, the relatlve veloc1ty is

L found accord:.ng to the follow:Lng procedure.

Hereinafter, . the preblems of the prior DAT systenm,
which occur during fast tape searching w1ll be explained
-assuming that the DAT system has a drum dlameter of 309, _
a drum rotation of 20_00rpm (in normal play), a.  tape



2 runni ng speed of 8.15m sec and track pattern (sfiJF)zslbpe?of [efr]-
When a fast forward (hereinafter called FF for short) 5 search is nade at
t wo- hundr ed- speed (X200) play, the relative velocity Vr of drumis given -
as [err] Werein, X represents a magnification factor of the 10 '
present drum speed agai nst the nornal drum speed, Vd normal speed of the
drum and Vt normal tape running speed. In order to obtain the magnification
factor X, if the left termof Equation (1) is substituted by a normal drum
15 speed, then [err] Fromthe above EqOation (2), the magnification

| £°1 2" not oa FHORIPHS SHRALTES, °F, {omPYEe, SBid | tPfor) pateddhy [RaEL, (2

normal speedslebechfi 6°2@46rpm that of the normal speed, if the tape is
searched at two- hundred-speed FF search node. 30 Conversely, when a
rewi nd (hereinafter, called RA for_short), search is made at _
t wo- hundr ed- speedWpRp0d) fashelorgiamd thakeinakier cpdad WF feXofBoTidgat i ve
number. gher géaren tie mumer adf dworhuatpéaespetar keeepoNg gy ) ehid ve

3 velocity W ;ogstant _ sttber960%pg|u%qn;thewbasis,of t he fol l.ow ng

Equat i ons (45‘e A ltlg) Yg QCJ_.' y Vr o A rum 1s given as . o

Wherein, X represents  a. magnification factor of the
1b  present drum speed'agaiﬁSt'thé'nérmaiﬁdrﬁmWspeed, vda
. normal speed of the drum and Vt normal tape running speed. =\

In 'or'def"'tb obtain the magnification factor X, if the
left term of Etjuat'iori (1) is éubstit‘utéd*bya hormal drum
15 speed, then = o S - '

vd-cos§ - Vt = X-Vd-cosf = 200Vt .........(2)

From the above Equation (2), the magnification. factor X
20 can be obtained as follows: ' o '

199Vt e
x = 1 * _'—'_'__— ~ 1.52 .o 8 8 0 . . ® o6 0800000 (3)
~ 'Vd-cos# | | R
25 " In Equation (2), it is noted that the number of drum

rotations is 1.52 times that of the normal speed, which is
' 3040rpm, that-of the normal speed, if the tape is searched
- at two- hundred-speed FF search mode. -

30 | Converéeiy,'wheh~a'reWind'(héreihafter;-called RWD

for short) search is made at two4hundred—spéed (X200), the

' normal tape running  speed Vt becomes  negative number:

Therefore, the number of drum rotations for keeping the
relative S oL



[err] 10 For a three- hundred speed (X300) FF search, the magnification
factor -X must be X [err] 1.78.. In the same way, the nunber of drum -
rotati of nmust be about 3,560rpmwith X 15 .[err] 1.78 and, when a search

i s: made’ at three-hundred-speed (X300) RWD, the nunber of drum rotation must
be about 420 rpmwith X [err] 0.2146. Considering further this point, the
performance of 200 the drumnotor is limted to a specific speed, as
illustrated in Figure 2. That is to say, if the tape searching was nmade at
or close the four-hundred-speed (X400) RWQ node, the drum would have to be
~rotated backwardly .in. t heory. In practice, however, it is 25

'mpossi bl e f o, t%%ﬁ’g”ﬁf %cﬂ%t%ht nllfsi% Delowdrinl fgsoil terd wEk

speed search by correécti.ng he relative vélocity of the unrrn such a
case, and proKHé%?W%ﬂ§u£Q%?Q¥PqﬁnM%k)Qﬁﬁnrﬁhe anot her method of searching
the tape with high speed. 30 Therefore, specrfrc enbodi nents . of the
present invention aimtaq: . rovggﬁ an | roved met hod of high sPeed:searching
for a desired tape r"tr’i) dr‘?P dh gﬁq ‘{ aud‘ro"t'a‘pe'r‘et:t)'rder 4 :
Accordingsto one aspect of the invention there is provided a ‘met hod of
searching a tape in a tape playe e et hod conprising the steps of

i dentifying the present: posrtron 1 1e tape, conparing this with
i nformation 5 concerniﬁgla-deerred—pesrtqrﬁikﬁ the tape, and in the
' _ Vdcosﬁ | o | o
_zo_.;;s_ Y -

o 10

For a .three-hundred-speed (X300) FF search; the
magnlflcatlon factor X must be X # 1.78. 1In the same way,
- the number of drum rotatlon must be about 3 560rpm with x'
15 = 1. 78 and, when a search is made at . three-hundred—speed
(X300) RWD, the number of drum rotatlon must be about 420
;lrpm with X = 0.2146.- '

| Considering further this poiht the performance of
20 . - the . drum motor . is llmlted to a spe01f1c speed, as
_1llustrated 1n Flgure 2. That 1s to say, 1f the tape
searching was made at or close the four-hundred-speed'
\— ~ (X400) RWD mode, the .drum would have to be - «=rotated
' _ backwardly ih theory.__' In practlce,' however, it is
25 1mp0551ble for the drum to do .so. It 1s also dlfflcult to
- make ‘a high speed search by correctlng only the relatlve ’
veloc1ty of the drum in such a case, and problems arise as
_ to how to contrlve another method of ‘searching the tape
. _ ' with hlgh speed. o '
30 A o o
Therefore;_ spec1f1c embodlments - of the present
invention aim to provide an improved method of high speed
searching for a: des1red tape. portlon in an dlgltal audio
_ tape. recorder._
35 |



-event that the present position is not inside a tape'regron.within which:
the desired position is |located, automatically winding the tape at a speed
greater than that of nornal play and, when.the present position is 10
inside the tape region within which the desired position is | ocated,
gradually reducing the wi nding speed until a start ID of the desired
program.is found. Information about the desired position of the tape 15
~may be obtained fromstored informati on about the contents of the tape. The
i nformati on about the contents of the tdbe may be read into a

m croprocessor. 20 Preferab information a the conients | he ape

i ncl udes i nf or matASSPEHRE {:ﬁe 3R © 2 Bklt"’fgrﬁ% %ﬂ{:?ﬁg ttgbe]:L %é

I denti fi cat igppwifaddiea pheshod BES |§emm1‘nq e tape fimy abecag aphayeby
‘conparing the extent o which.the p n th the
cxiont 1o wihhe neiod SR 5b8°BepBs BT apRLLEFLAUPRNY EFELeMt! D

Pr ef er abl y tgfees debdtamt oft ot cﬂapmpecmpmiunq Sl swphy mﬁomkélep reels
i's foung UB G tgnal SIS Basahﬁoﬁunﬁ* ytREd tades- Uanaedlrs the

refera

respectlvely user 1s able {o,select-a desj r ed %ro gram35 to
be searched &wgnt thgt ntléﬁ pPEeEentd BPsiRiehedS anBteineidp| & (5388l ect a
tape speed glegfthh withiseatBlichs tie balasivad®dpogtitibmeds olotatedape

bt e sour GREGRTYSERY PPOIRL IF SERRE . ffe SoRbeRts dpoyel AR Per!
that of normal play and, hen the present p051tlon 1s
10 ;:1n51de the tape region within whlch the de51red position

is located, gradually reducing the: w1nd1ng speed until a . o/

start ID of the desired program is found. '

o infornatibn abput the"aesirea”pbsitiqnwof”the tape
15 may be obtained from stored information about the contents
of the tape. ' -

The information about the contents of thE'tape'may be

read into a microprocessor.

20 -
) Preferably 1nformat10n ‘about the contents of the tape
1ncludes 1nformat10n about the p051t10n of a program on
the ap \/
25 Identlflcatlon of the present p051tlon of the tape
may be obtalned by comparlng the: extent to which the tape’
- -is wound onto a supply reel with the extent to which tape
' is wound onto a take-up reel of the tape player.
30 . Preferably the extents to which:tape is wound onto

supply and take-up reels is found from operational signals
" of the supply and’ take-up reels respectively.

" Preferably a user is able to select a desired program
35 to be searched for. R
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|s read into the ntcroprocessor froma portion of t he tape 10 The net hod
may‘ conpri se a nethod of searching a digital audio tape. According to a
further aspect of the present 15 i nvention a tape searching circuit
-for use with a tape player, the tape searching circuit conprising a
m croprocessor and speed control means, the mcroprocessor being arranged,
in use, to nonitor the present position of the tape, conpare the present
position with information 20 concerni ngsa tape region within which a
start ID of a desired programis |ocated, and speed control -nmeans bei ng
arranged to controIntaepspéedrer @nn&ﬂgﬁﬂﬁnﬁ afuser isipabpeayer sedelett hat ,

i'n the event ah@apehgggéasﬁetwﬂgéhttﬁ@ s§ar3§t “g b daiiedfidhe L ape

regi on,the tape aut ormati cal Iy woun m croprocessor
control, at a speed greater than that .of normal play and, when the present

position is wthinat heainl dftaaeereepen pléyervmmaqﬂ nsesrzﬁ@l,emse&redmt ly
reduced until the-s art he desired g#oﬂ |s f g go .
preferredparr%ﬂﬁgﬂ% th Fﬂﬁ RRE cABT HBY| eﬁ? tﬁ@r E n&?aﬁFPhrn

the said tape region the reeI notor i s made to operate at an. increased

speed conpared t0 g, DOLURL) B! e SPREH: of%apoud iU UL A0 (dgal T od

position of the tape nay ntrn ornation rea
mcroprocessolsaltr@atdtmt@orth@ntrsl@fomrece%@@r from a portlon .of the

tape.
10 . . L S
| ' The method may comprlse a method of search:r.ng a
dlgltal audlo tape.

According to a ”fnrther aspect of the present
15, -1nventlon a tape searchlng c1rcult for . use w1th a tape
- player, thetﬂtape searchlng c1rcu1t comprlslng a
mlcroprocessor and'speed control means the microprocessor .
belng arranged in use to monltor the present p051tlon of
the tape, compare the present position with information
20 concernlng a tape reglon w1th1n whlch .a start ID of a
-de51red program is located and speed control means ‘being
‘arranged to control the speed of a reel motor of the tape - .
| player_such that, 1n the event that the present p051t10n
N ' is not within _the 'sald tape region,the tdpe is
25 ,automaticaily'woundj under mlcroprocessor control, at a
| .speed greater than that of normal play and, when the'
tpresent p051tlon 1s ‘w1th1n the said 'tape reglon, the
w1nd1ng speed, - is" gradually reduced untll the.start ID of
the de51red program 1s found
30 L _ | | |
'In a preferred arrangement if the'present'position
of the tape 1s not w1th1n the sa1d tape region the reel-
'motor is made to operate at an. 1ncreased speed compared to
: a normal play speed '
35



5 Preferably information about the contents of the taﬁe conprtseS'
i nformati on about the position on the tape of a programon the tape. 1n a
preferred arrangenent, the mcroprocessor 10 nonitors the present :
position of the tape by conparing the extent to which the tape is wound
onto a supply reel of the tape player with the extent to which tape is
wound onto a take-up reel- of the tape player. 15 - Preferably, the
.extent to which tape is wound onto supplg and take-up reels of the tape

pl ayer may be found by the m cr opr ocessor nonitoring operational signals

from the: supply rf‘&t‘? y‘ﬁ %ﬁ‘é £UR 4S8N LS O@S&iu%yofzghe tape ma

Preferably the ci € a NrCcroproctessaor wh m croprocessor
reads i nf or e | oot ained fhemcnnfenmatmcntheadapet0mhhehmlnropneceSﬁors

‘stored at th%b@@@'@ﬂé”@oﬂteﬁtg Lap heaggggenerates a predeterm ned contr ol
|

signal according to a search signal 1nput by the user and a 25 program
nunber signal input by a user, a sequencer which chooses a not or dri vi hg

frequency -and Chepféf&fﬁbmfrlﬁfMelbﬁWhﬁm Qﬂdrﬁiérits of Q@ﬂéeﬂa e not
in order to transmt a S|gnal rocessor °§ Eﬁe asi s the
0

cro
mean val ue d?°%P¥é§%s upnf EWaEFBHa?bﬁﬂ% ghguBBFy 8 Ssi-gR& © a &period
sel ect or whigfoghensen theatapeount ¢l ock, which ‘clock counts t he peri od
of the signal generated.froma notor: and the corresponding frequency of a
pul se wdth nodulation signal, a speed detectlng/controlllng circuit
‘whi ch detects theIBpead pfesérredheareehgmem‘t,and:hﬁ)umls:ltd’nrpeessdrof t he

signal {¢0M ponftbpe £RE % %ﬁ@[ﬁﬁe& Rt %%sdbkoeembaeﬁhagtﬁbgnal
a pulse wndt at or ates:the pulse-wd

_ extent to whlch the tape is wound onto a supply reel of N’
the tape player with the extent to- wh1ch tape is wound

onto a take—up reel of the tape player

15 1 Preferably, thezextentftoTWhich tapé is wound onto
supply and take-up reels of the tape player may be found
by the mlcroprocessor monltorlng operatlonal 51gnals from
the supply reel and the take-up reel respectlvely.

20 ' Preferably*the”Circuit'may:include a microproCessor
which mlcroprocessor ‘reads 1nformatlon about the contents
‘of the tape, whlch_lnformatlon is stéred at the beglnnlng
- of the tape, and generates a predetermlned control signal
according to a search signal :mput by ‘the user and a
25 program number 51gnal input by a user, a sequencer which.
chooses a motor dr1v1ng frequency and ‘checks whether a
: phase locked loop circuit is locked or not in order to
transmit a signal to the microprocessor, on the_hasis of
the mean value of a takefup reel signal and a supply reel
30 signal, a period selector which chooses a main count
" clock, which ‘clock counts the periOd'rof the signal
fgenerated from a motor and the correspondlng frequency of
" pulse w1dth modulation s1gnal a'speed
detecting/controlling c1rcu1t which detects the speed of
- 35 the reel motor and counts the period of the signal from



the out put of the speed det ect| ng and controlling ci rcuits. under the.
control of the period selector, a |low pass 5 filter which provides the
‘motor with the | ow pass filtered output, thereby to control the notor with
a predeterm ned speed. The invention also includes a tapeplayer when used
10 with a circuit- or a method substantially as herein described with
reference to the. acconpanying dramﬁngs For a better understandi ng of the

i nvention and to show how the sanme may be Tarried into effect, reference 15
wi || now be nade, by way of exanple, to the acconpanying di agranmatic

drawi ngs, in whiec moticirgtce gbriexade id phstseatliomked ldhapnimstking & banal,
correction; 29 thggewgdgﬁ ﬁoﬁhiBEokoﬁhiBﬁg@B&uiQEeéGLﬁé'ﬁ@fééﬂwb&ﬁﬂﬁsf the

rate of drun1ro i on tape Searchin ure 3 1s a

bl ock di agr anther oufgprgneft thg wmmte@%mmua@dt@wamum%wt he

present inven ey FLAE recéhﬁfof\ bleowehar be&@.l&rdes§éiéeﬂoi-he dret ped péss |
Figure 3. 30 ures HA-bE are illustrations e runm|1SE?£$ |ng

by the debect |fér5|- et Wh%@ﬁ'@;‘flé@ﬁ;e?"—éﬁo?w‘:(’i:@’lghg ¢ lappa

is an ill US%%?@ &i‘ereBQCtd tc%bhﬂ-oloftwmcﬁcmxs)w:ltﬁ o wedﬁterﬂaﬁearl ng
particularly to ure there i s showna.5:= block dlagramshowl ng a :
met hod accordFﬁG one - enbodlnent e o

The invention also inclﬁdee a'tape player when used
10 .with a c1rcu1t or a method substantlally as' herein
o described with. reference to the accompanylng draw1ngs.

For a better understandlng of the 1nventlon and to

__;show how the same may be carrled 1nto effect, reference

15  will now . be made, by way. -of example, to the accompanylng
' dlagrammatlc draw1ngs, in which:

Fignrewlhis an illustration of_drum_motor velocity

~ correction;.
20 _ o _ . o _
_ Figure . 2 is a- graph for Shcwing_ the. _rel_atic'nship
between, the_:rate of ndrum:_rctaticn and tape searching
. velocity; o h
~ )
'25 ; u___Figure:jlie:a'block;di;;ram_for ;mplementing_a_nethod
. according tc.onefembodimenthof_the present invention.-
_Flgure 4 is a flowchart representlng the methcd of -
Figure 3.
, 30 |

Figures 5A-5E are illustrations of tape running time
sensing by the detection .of Frequency -Generator (FG)
signal; and . '
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'of the invention. First; a microconputer 10 reads out* Tabl e- of- contentss
(TGC) information (stored at the beginning of a tape) and generates a’
predeterm ned control signal according to a selection signal of a specific
10  high-speed search node -and a program nunber sel ection signal ’
(positional information) which are chosen by a user. A sequencer 20
chooses a notor driving frequency. and checks whether a PLL (phase | ocked

| oop) circuit is locked or not in order_to transmt a FG (frequency 15
generator) signal to the m croprocessor 80, on the basis of the nean val ue
of. a take-up reel_FGsignal and a.supply reel.EG signgl.~ A, {od sel ector
30 chooses a nai r‘F’c%%? (_:{JIQC_JK,s V\/rﬁ_rbh '%‘f%rﬁfhlec.’_%ca %gria%%cgeﬁg?e%i%d ??om a
~notor 80 anadrteros)y ehpbochatyiémequency of a PWM (pul se width 20

nmodul ation) signal. Then, ‘a speed detecting/control'ling circuit 40 detects
the speed of the reel notor. 80 and counts the FG period to- decode it and
generates a PLL IRsfemping geritigubar Heckrli Htgure ¥G thefal is shopnl e

wi dth madul gi4c) Mg h EHHidea mBenBUl §8cBrdligotot bke 2ombo@ithent Of

t he speed detecting.,and cqntrol I ng circuit, 40 under the_contro]l of said
period sel e@forthe inyRatd@put Bifehe BulREFXPRPPWETRI dPorafsis sout

| ow pass-f i i85 ps-bP-8ohtengass (fidd)er Hidf brmatdwvnde (stexrew oraB0 wheh t he

| ow pass-fil.tered output, thereby co Lng . Wih.a

pr edet er m né’ff%"ﬂgé’d‘gﬁ?e ao%@?&? i éﬁaogééﬁtgtﬁge%%%@é\ﬁﬁg %ng%°%%§§%i bed
in detail acdgriihgacooriddngonte g asedrctdory i dbgnabovaf A fspechiic
showi ng-A- had T LY 0G0 eat.yures, of ot he di :the
sensi ngm?l Pﬁélt@gt%%&gf E%éhg%%laggocig : ??gdga?c I n raré)yﬂ%lﬁlgggG %Jgg%%}:,lagnd the,
TOC inform@ignpl (positional information) which are chosen by a .\—e

user. A sequencer'zo chooses a motor driving frequency
and'checks'whéther a PLL (phase locked ioop)"cirquit-is
locked or not in order to transmit a FG (frequency
15 generator) éignal:toathe micréprocéssor.lo, on the basis
of the mean value of a take-up reel FG signal and a supply

reel FG signal. A period selector 30 chooses a main count
clock which counts the FG period generated from a motor 80

and the corresponding frequency of a PWM (pulse width

20 modulation) signal. Then, a speed detecting/controlling
circuit 40 detects the speed3of”thé reel motor 80 and
counts the FG period to- decode itNand.generatés a PLL
locking signal -after decoding the FG signal. A pulse
width modulator'(PWM) 50'modu1ates the pulse width of the

25 output of the speed detecting and ¢ontrolling circuit 40
under the control of said period selector 30. The output

of the pulse width modulator 50 is low-pass-filtered in a

| low pass filter 60 to provide the motor 80 with the
low-pass-filtered output, thereby controlling the motor 80

300 with a predetermined speed. o

The operation of the invention will now be described

in detail according to the configuration described above.

A flowchart showing a method of carrying out features of

35 the _embodiment, the sensing illustration of the tape
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t herefor are shomn in Flgures 4 through 6. Referrlng both to Flgures 3" any
-4, the ricroconputer 5- 10 receives a signal corresponding to the

t hr ee- hundr ed- speed. (X300) FF search node selected by the user, in a stage
100. The nicroconputer 10 then receives a program nunber (or, tape
.positional "information) desired by the user in-'a stage 110. Thereafter,. the
m croconputer 10 . 10 checks in a stage 120 if the TOC information is:
readabl e under the present operating condigtion. If the present condition is
judged able to read the TOC information as a result of such checking stage

120, 15 thesEheEAGARPULY! e DifePeRdfb 2 8haUotHdO ot | dhdiladifi TOC

'nformation froma T citcuit . OC circuit 70 contains
i nfor mati on abBerefRE éSﬁtéHP?“oﬂntWEQHﬁﬁ§ 4 i U Grat i on for the
position of 20 the tape at a desired part can be read out. In the

enbodi ment, it i ssumed that .th nf or n s, like.that shown in

Figure 6. A preseng &L ﬁh ? ngpéPEefo #roﬁkfh@lﬁéqﬁ? %ggﬁod
val ue decbdedl 0 n mestaje d40. al nsdt ara ﬂmrds:rrm proondti oy t &pe whbrad '
onto the take e 40 AIE reel

I s obtained, ypfheﬁkgﬁg%db% %@gﬁég%mnlch QEQ?EHﬂ$#§%by c%hntlnggfqhﬁi :

_periods of boﬂﬁerakénup shagesdppl-y Thel nicyoreprites0 in then reneisfes

" tape the totaj ﬁﬂd&fﬁﬂ hﬁﬁBéP fﬁrVWHépb' é%ﬂldﬂalﬂfﬁfoﬂmﬂtfaﬁvndéé1ﬁédtf“3

amount of tape wound onto, tthe reel 1/ 4. the anopunt of tape in
m nut es woundPYokR8 UERE 1B TkATS e"élo' tﬁ'@erﬁ%? “Ihe migrocompPwien he
tape is 180 x161/éiecks0.in | & nedaget hBdo iflOthe TOC information is

\w - readable under'the_present;operating”pondition,

If the present condition is jﬁdged able to read the

_TOC information as a result of such checking stage 120,

15  the microcomputer_lo.proceeds_to a stage 130 to read out
_the.Toc'information from a TOC circuit 70.

As the TOC circuit 70 contains information about the
contents of the tape, time.information for the position of
20 - the tape at a desired part can be read out. In the
embodlment, it is assumed that the TOC 1nformatlon is like
~that shown. in Flgure 6. '

- A present p051tlon and tlme are. counted from the FG
25:- perlod value decoded, in a stage 140,  In other words, the
. amount of tape.wound pnto,the take-up reel against the
_amount of tape wound onto the supply reel is obtained, if
the ratio of a value which.is decoded by'counting the FG

_ periqutof”hdth take-up and. supply reels is known.

_ In the case- of a tape the total running length of

4". f whlch is 120 minutes, for example, if the amount of tape
._wound onto ~the take-up. reel is  1/4 of the amount of tape

1n mlnutes wound onto the supply -reel, the present

35 p051t10n of the tape is 120 x (1/4) = 30. It means that:



the tape is at the point which corresponds to 30 ninites of fthe>tota: 120
mnutes. As the ratio of Ts/ Tt (where Ts is tape wound onto the supply = '

reel and Tt

is the time value of the tape wound on the take-up reel)

undergoes a 5 continuous change according to the condition where th

I's wound onto the reels, it is used for controlling the searching spe
Al though it has a constant value K as Ts + Tt =-K, the constant val ue
different for different speed magnification. In the case of one-

hundr ed- speed (X100) play, the constant 1Palue K is half the constant
K during two-hundred- speed. &XZOO (1/ 2) K. - However, as.the rat
Ts/ Tt repreddift sEaPR afodht the P°€11n| 1(5’lh %ﬁ%ﬂq St mbRREEE

reel s regar destheftdut flem iatietne ns thlénﬁaﬁﬁo bieTépre g$Wwheee Ts
(position) can be found f %he ati Q. of, Ts/ Tt n% ,é? .M CI.0CO ut
etY gASt

senses how fx%t “8Pge ™
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.i.e., (1/2)K.

However, as the ratlo of Ts/Tt’ represents the amountd

(tlme) of tape which is wound onto the" reels regardless of
how fast the tape is- running; the - tape ‘state (pos1tlon)
can be found from the ratlo of Ts/Tt

When the microcomputer-lb.senseS'hbw fast a search is
to be made, it designates the_ constant value K
corresponding thereto and drives the reel motor 80 so as
to take the amount of tape infthehratio=¢f'Ts/Tt'within
the constant value K. At this moment, the sequencer 20
drives the reel motor 80 'by the constant value K

value
t he

ed at

d for
ed of

0

determlned accordlng to each hlgh—speed mode.’ ‘Based on:

the constant K, the fregquency of ‘the main clock pulse
required at the pulse width modulator 50 is determlned
the clock pulse- being ‘used for controlllng the_ power
provided to the reel motor so as to control speed of the

" reel motor 80. The pulse width is varied at the pulse
-width modulator 50 according to the FG 51gnal fed-back

from the reel motor 80. - Further, “the’ sequencer 20 senses

'if the PLL is locked and sends a. decoded FG perlod value

to the mlcrocomputer 10.
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The perlod sel ector "30 detern1nes the frequency of a rmai'n counter clock

whi ch counts the FG period and a corresponding PWV reference clock.

‘The speéed detecting/controlling circuit 40 which is wunder the 5
control of the period selector 30 detects the speed of reel notor 80 in

- order to count the FG period, to decode it and then to generate PLL |ocking
~signal. Thus, the reel nmotor 80 is controlled so as to take 10 the amount
of tape which will be wound onto both reehg to the correspondlng time
position by confirmng time information for a deS|red position from

the TOC informati ahddipedidd) dd18Et6:5- 3&-%eterm1ne§ t\?ﬂ > ¥ Czﬁ&é‘ﬂ@% 4? the

rreel nmotor 80 i§ driven at three- hundred-speed (X300 age

150 .and it |S“@§Ebr98PﬁESrlHctﬂ%ksﬁﬁb§ﬂ1690PPtﬁhet%ﬁodﬂi Fenigse apdndaont o

the reels is abﬁhesﬁﬁmalﬁbtPFWﬂeSr@£bféﬁ%éﬂﬂdIQBk I tfgeamByieds
not at the vaIu of_.the d I's Jooped_to'the

esi ortion,
stage 140. Etﬁw&%&fqﬁglﬁ%gé‘&ﬁ?fme 4R LY@”d“rh t S dadrde thhe
portion, She mpnMMamnmﬁethéOgmnmmEdselecﬁoBtaged@kébﬁs)ﬁmadwﬁdadr6$e a .

show.  preci Sex3edr gladdiOBIA0 02400 £&180udP: cfB: £ p%%&yé,f Pcoqn%@&eg, on |

gradual | y sl ow, precise searc € as s

of the desired pépﬁtthﬁ@bé@saﬁﬂﬁnaiﬂuﬁﬁﬂ(tiklngmsxgnﬁlto stop abruptly
and correctly at the desired p0|nt due to the tape inertia. After the stage
170 is perforned, start IDis 30 . detected and a_hi gh-speed search
operation is come Fg iLeel JIolRr 189. 19scPpEreblefinser @ itoh take

witten 10 t hehkr anbupdr bfoftamparmUmeri@@ ol defdf Q#ht@‘ Botie | .
rom _power su or
Un@m’m 'f 35¢ he! N& %Sets%mo Idglz'rxgese'élmg b;%é‘?t?% OLy coanJ).rmlng F%:p:m%/e
~information for- a. des1red pos1tlon from the_ TOC

- - information glven in F1gure 6.

15 After.the stage'140;-the'reel motor 80 is driven at
three- hundred-speed (X3QO) search in a stage 150 and it
- is ascertained in the . stage i60 iffthe_amount of - tape
wound. onto- the reels is at the value: of the desired tape
_ portion. If the amount is not at the value of the desired
20 tape portlon, 1t is looped to the stage 140.  If the stage
160 is judged as the value of the desired: tape portion,
the mlcrocomputer 10 proceeds to a stage 170 to gradually
make. a slow, prec;se search from X200, X100, Xie, X9, X5,
X3 to X2 speed.. The: gradually.slow, precise search is
. 25 made as stated'above'from the region of the desired point,
. 'because 1t is unable for the tape to stop abruptly and
' . correctly at. the de51red p01nt due to the tape 1nertaa.

L : After the stage 170 is performed a start ID is
. 30 _detected and a hlgh-speed search operatlon is come to an
end in a stage 180..?_ ' '

As the TOC information is written in the front part
of tapeﬁ the TOC information of tape becomes'unknown if
35 the system is reset by being cut off from power supply or
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12 repl aced by another tape during the operation. As *t he tbpe"ﬁound .-
around the mddle contains the TOC i nformati on at the begi nning portion,’ it
must be read.again beginning with start point. Therefore, in the case of -
the stage 5 170, the m croconputer 10 nmay becone unable to read the TOC
information. In such a case, X200 speed search will be made when
proceedi ng to the stage 180. What shoul d be taken into consideration in
"the case 10 where such a nmethod as stated above is used is that the tape
is brought into contact with the drum wRén a search.is made at X300 or X400
speed search _.or. at a speed faster than _those in a-conditjon where the tape
i s | oaded ameRrlaged hb¥ anpthere tAPRNGREIPILIHDS PPYEALLORN t S hERE 15
anf'{ or | t aPe-ta%FéQi&%]ﬁwléﬁrouﬁd 'tﬂéé'_i:li)ﬂn:gié ackxhreta-mé “€li@Vro¢ hinfornatbenkwar d
alittle in grder. that,it. my not.be brought into.contact.w . -f ape,
by' the act iadh-cﬁ?e PLAT %rt*??\sﬁwgﬁ"al_b‘?re’%%%%i%%%’ﬁ ‘{’%%LS’;%%&MH e

a search is wisde, startepaipte,  TheneferehainXA0(e spase afd tthe betaget he
druminto caonjact _yithit.he. tape en f’ rMehabSe t | Lang %200
653 i Cﬁﬁtd”‘ t]}i]\é aﬂa&:@%cbﬂi?ﬁt@ e'lo? rr]%fiel 58ch egﬁgtsﬁih 45 Srdd@ng

speed s 'Suc rocess can b ment ed .

_ . ) _ _ Br by.the control of the

m cr oconput &oGnthfyrmatidnabl En25uch; ﬁéﬁ%n‘t@'ow'ﬁﬁamh deé3sdli bed
her ei nbef or §,¢ LhE PIAER pi-ONESEIAG £6 €RBVERagat1EP.that it finds out a
desired programwitten i'n the tape regardl ess of the relative velocity of
~the 30 drum even in a search nade at nore than X200 speed, by searching
the digital audi oyhapeshyuldabe ehkéACiatd KGrpddexthtion in the case

10 where such ‘a method és'stated.aﬁovéffs5uséafis’that the

'~ " tape is brought into contact with the drum when a search = o/
is made at X300 or X400 speed search or at a speed faster
than those in a condition where -the tape is loaded and:
that this may have an undesirable influence on the head

15 and/or tape. - N B ' SR

AcCordingly,-'it~gisf desirable to ‘‘draw the drum.
' backward a little in-order that it may not be brought into
" ‘contact with. the*-tape, 3by; thé"actibn-.oﬁ' a suitable
20 - instrumental mechanism- in the case where a search is made,
- for example, at more than X200 speéd and £o bring the drum
into contact with the tape when a search 'is made at less .
than X200 Speed_search."Such-a‘prbéeSé'can'bé-implémented
by the control of ‘the microcomputer and by a suitable

25  instrumental mechanism. e ' : )

As'desCribed~héréinbeforé}-thé pfésént-ihVéntion is
convenient in that it finds out a desired program written
in the'tapeiregardléSS'df the reiative“veloéity of . the

.30 drum even ‘in a séardh_made at more than X200 speed, by
-searching the digital audio.tape by means of TOC and FG
" period.



13 CLAIMS: 1. A nethod of searchlng atape in a tape player the met hod "
coin|S|ng the steps of- identifying the present 5 posi tion of the tape,
conmpari:ng thi.s with information concerning a desired position of the tape,
and in the event that the present position is not inside a tape region

wi thin which the desired position is |ocated, autonatlcally wi ndi ng the
tape at a speed greater than 10 -that of_nornal play and, when the: present
position is inside the tape region wthinyghich the desired position is

| ocated, gradually reducing the winding speed until a start ID of the
desired progrgiarmsiiound. 15 2. A met hod according to Caim1l wherein

[ XY

. L .

i'nf ormati on about the desired: position of the tape is- obtained from stored
~information about the contents of the tape. 3. A met hod according to

A aim 2, wherein inf Qremiod)rbﬁoseaﬁbnmhg ehaamonienastape ptlfaqrezt apenel S

d t net hod r.di
S aner el n. - i nEBERG GrOTRELR 0% thgo AERRE of JARM Hing DtpdeSaete
i nfornmati 6n apostitiilon pofi tthen btape, pregmpar ong t thitapeith. infomsthibon
. di t f
according to egﬁcg}qlhgetgra%e%&g[ g,ﬁée{esbmeee adeRbill caadn i e

present positi ape 15 conparing the extent “to
the tape is 3evenxouhhlabnt1‘é’l% pugpepty mskﬁl%t He erebntinsddehi ah &ape is

wound onto a takgowd Weehifll WHEch ARhP! ALelired poélﬁ%hodlecqwamto
Caimb5, wherein the extents to_which tape is wound onto sug % and_t ake- up
reels is founautomg$1cally w1nd1ng the tape. at a speed greater than -
' 10 - that of normal play and _when the present p051tlon 1s
o/ _ inside the tape region within whlch the desired p051tlon

 is located,“gradually.rednc1ng the_wlnd;ng speed until a

_;L start ID of the desired program is found.

15 2. A method according to Claim 1 wherein infofmation
-+ about the desired position of the tépe_is obtained from
stored information about the contents of the tape.

3. A method according to Claim 2, wherein information
20 about the contents .of the tape is read into _an

'mlcroprocessor

4. A method according to Claims 2 or 3 wherein,
- information - about the .contents 6f_.the tape includes
25 .information_ebcut_the.pqsitignﬁef.a,program on the tape.

. 5. A method accordlng to any - of the precedlng clalms -
whefeln 1dent1f1catlon of the present position of the tape
is obtalned.by comparing the extent to which. the tape is

. 30. wound onto a supply ree1fwith_the,extent'to'whichdtape is

- wound onto a_takefup;reel_ef_the tape playerk, |

6. A method accordlng to Clalm 5_ whereln the extents to
which tape is wound onto supply and take—up reels is found

e

'& A



£rom operational signals ef the supply and take-up ré&el*s respect’vely. 7.«
A net hod according to any of the preceding clains 5 wherein, a usetr i's

able to select a desired programto be searched for. 8. A nethod _
according to any of the preceding clains wherein, a user is able to sel ect
a tape speed at which 10 the search is to be carried out. 9. A net hod

according to any of t he preceding clains wherein, a head of the tape

pl ayer is prevented fromcontact with the tape durlng at | east part of the
search. 15 10. A method according td4 daim 3 wherein, the

i nformation about the contents of the tape is read into the m cr opr ocessor
froma portifsremfoperatipral 29ignals of khehsRPRIYorNchd-ake vl Beelfie

pr ecedi ng Ck%%Péd%Hégi onprises a nethod of searching a digital audio
tape. 12. tdpe searching circuit for..use.with a tape player, 25 t he

tape searching circuit.conprising a mcroprocessor and speed control neans,
the mcroprocessq RetRgdaraciitgeing Nto'Sanyt @fobhéoprivedimsenlapmsi tion

Cape redt on WaHR TP P AP T SEHRET T PR T RSER L0 B, Oy

and speed cmﬁarﬂhedaafrsrbel ng arranged to control the speed of a reel notor
of the tape player-such that; in the: event -that .t.he present position is not

wthin the said tape ..r glon :the ta i-s autonatlcally wound,._ under
i cropr oces$or cdntpethodt a&"ﬂ?@e‘diggr ‘at anyt i thet P@ecﬁln%o?#ﬁl’-mﬁl ay

and, when t%e&"éﬁ?”tapﬁ§e§:' 98 iab1W 1Y Nsélect aliape speed at’ whlch
10 the search is to be carrled out. '

g. A’ﬁethEd_a6cordihg'tb”ahyfbf?the_preCeding clainms

wherein, a head of the tape player is prevented from

~ contact with the tape during at least part of the search.

15 "-- - N S : S S _ :

10. A method accordlng to Clalm 3 wherein; the

information about the contents of the tape is read into
the mlcroprocessor_frpm a portion of the tape.

20 11. A method according to any of the preceding_ claims
which comprises a method of searching a digital audio
tape. _ : . : .-

12. A tape searching circuit for use with a tape player,
25 the tape searCHing'eircuit comprising a microprocessor and
speed control means, the microprocessor being arranged, in
use, to monltor the—present p051tlon of the tape, compare
the present pos1tlon with information concernlng ‘a tape
region within which a start ID of a de51red program is
30 'located and speed control means belng arranged to control
the speed of a reel motor of the tape player-such that, in
the event that the present positioh is not within the said
tape 'rEgibn, ‘the tape is automatlcally wound, under
microproceéSér_control at a speed greater - than that of
35 normal play and,'when the present position is within the

* C L M s *
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said tape regi ons the wi ndi ng speed is gradually reduced unt|I the start
I D of “t'ht desired programis found. 13. A circuit according to Claim 12
wherein if the 5 present. position of the tape is not within the said tape
‘region, the reel-nmotor is:nmade to-operate at an increased speed conpared to
the.normal play speed. 14. A circuit according to Claim12 or Caim 13
wherein 10 information about a desired position of the tape is obtained .
~frominforration read into the mcroproceslgor about the contents of the
#tape. 15. A circuit according to Cdaim “14 wherein-‘the 15. informtion

~about the contgnt P‘B‘?'-'f og&g ‘ﬁfﬁd a%wm +88uced
_position on tas%'gd(s)fégt%e st‘%t D t d%e3| red program ,h16. I.% Ci rcﬁ?t
accordi ng to amtidi theiskand I of therdesiped P?ﬂ%"ﬁt“c?-ﬁp?@b‘égsor
nonitors the pr esent position of the t ape by corrparl ng the extent to which

the tape i s wound onto ,a“sup “reel_,of t er ththe tent to
whi ch tape is3dound: oﬁt‘t}'%“ttzkécﬁﬁrfjégﬁ ot °t h(gf?%tg 6%% l%); %ﬂ |
- circui't agcor ghiridgsdrit. Cﬂ)@s:ntiﬁnwbﬁrEha thpeejitsemott omtthnh t:raapesasdwbape

onto suppl yand take-u e f t Y/ h
m- croprocessmr 'o%lhg%%%ﬁa ‘?‘%‘ﬁ% P%ﬁ%?r%% E‘?r éneéﬁgggigp {'/ ?’é‘é egﬁﬁdt he

take-up 30 - r=paled escpmamdelt;o 11189 narpalcplaya€eeeding to any of the
Clainms 12 to 18 wherein the mcroprocessor redds infor#ation about the
contents of the tape, which information is stqred at the 35 be‘%nnl ng of
the tape, ~and4gends @ tECHihr aAEPERINECHO C lpgm 12 or Claim 13 Whereln

10 . -information.  about  a. des:tred pos1tlon of the tape is
N\~ I obtalned -from.. 1nformatlon read into the mlcroprocessor
about the: contents of the tape.

;515._ A c1rcu1t =accord1ng to claim '14 whereln the

lqu,lnformatlon about the contents of the tape comprlses
hhzlnformatlon concernlng the position on tape of the start
- ID- of the. des1red program ' '

16. A c1rcu1t accordlng to any of clalms 12 to 15 whereln

20 _-the mlcroprocessor monltors the present p051tlon of the
- tape- by comparlng the extent to Wthh the tape 1s wound
onto a supply reel of the tape player w1th the extent to
S which tape is wound onto a take-up reel of the tape
~ e, pleyere.---.;.-.' T
' 17. A c1rcu1t accordlng to Clalm 16 whereln the extent to
“whlch tape 1s wound onto supply and take—up reels of the
tape player 1s found by . the mlcroprocessor monltorlng
.operatlonal 51gnals from the supply reel and the take-up

- ' 30 _reel respectlvely

- 18. A circuit according to any of the Claims 12 to 18
wherein the mlcroprocessor reads information about the
_ contents of the- tape, which ;nformatlon is stored at the
35 beglnnlng . of the tape, _and qenerates a predetermined

‘) U
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{ -control signal according +to a search signal input by~ a-user»and a pfogran1

nunber signal input by thejuser, a sequencer which chooses.a nmot or drtving
frequency and checks whet fier a phase | ocked loop citcuit is locked or 5
not-in order to transmt a signal to the nlcroproceseqr, on the basis of-

the mean value of a take-up reel signal and a supply reel signal, a perlod o

sel ector which chooses a main count clock, which clock counts the period of
t he signal generated froma notor and t he correspondi.ng 10°._ frequency of
a pul se width nodul ation signal, a speeMGdetectlng/controlllng ircuit

whi ch detects the speed of the reel not or and counts _the period®f the

si gnal fr omcomEnedt cﬁlg@abeﬁéﬁdﬂ:‘élégpﬁéSeal §eregh| cﬁ?ﬂﬂ%’ek%ﬁ@“‘sﬁ &ala a

pul se wi dt hyaRUl AT aVW& f@tﬁ‘uhﬁhﬁért fﬁ@dpempd{:h by ‘ dife “ulg,0t4 put of
t he speed detecting and ¢on II| circuits u er . he %gntrol of Hﬁg
Iow

peri od sel eSfguencey oW‘bSEs S whi PGV eERERFYH 7
pass filter ethedlspufhether ebyphaseomcmded ma:crptotrcmih aspr]mi:e;te&r nmed

et he SocoRSinaheaor ytraRbhey ¥, BIgHRLcER, MR MARbelddud e
descrlbed\Mdﬂ1tﬁb baeiereﬁceheomﬂﬂﬂax&kmmam§|ngtdk&whng§eqm.Slqnahpe
player whenJised Wiphiy Gdedildidiald rgey&qowe%tmﬁﬁ&l b fh SIS des
descri bed mnt e to the  acconpafyi ng dramnn%
a maln count clock, which clock counts . the perlod of the
.p 51gnal generated from a motor ' and -the“ correspondlng
10 frequency of a pulse w1dth modulatlon s1gna1 a speed ‘
' detectlng/controlllng c1rcu1t which" detects the speed of \?J
the reel motor and counts the perlod of the' s1gnal from
the motor to generate a phase locked loop locklng signal,
a pulse width modulator which modulates the pulse w1dth of
15 the output of the speed detectlng and controlllng “Gircuits
under the control’ of_ the perlod selecto_r.,,'; a “low- pass
filter which provides the motor'withhthe:1ow”pés§7fi1tered
output thereby to control the motor w1th a predetermlned
_ speed. ) o : B “: S
' 19. A method substantlally as hereln descrlbed “with
'reference to the accompanylng draw1ngs.- R T
; S .- . e h:.;r: _ \,)_
20. A _circuit substantially as herein described with
25 reference to the accompanying drawings." | ' '

-21. A tape'player when used with'aﬁcircuit“or%éhhethod
substantlally as hereln described w1th reference “to the
accompanylng drawings. ' LD R E RN
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