; e3ed6, TS5E{ DESCRI PTI ON RECORDI NG PLAYBACK APPARATUS TECHNI CAL FI ELD The
present invention relates to a recordi ng/pl ayback apparatus for witing or
readi ng continuous data in/froma magnetic di sk device whi mmmml‘m\mﬁ“mm din
el ectroni c equi pnent for handling contli nuous data such as eo
data and, nore particularly, to a recording/playback apparat us.¥usch

sati sfies device performance desired by the operator, without interrupting
conti nuous data. BACKGROUND ART Conventionally, as a recording/pl ayback
apparatus for recording or reproducing continuous data whi ch have been

obt ai ned by digitizing anal og datESEIETHEN or the Iike by tlmmmmmmmmmm
itself or which have originally been digital data, there is
recordi ng/ pl ayback apparatus having a recordi ng device using a dcmsdt ype
recording medium which is called a hard disk drive, as a

recor di ng/ pl ayback meansRESRBDANGYEpABAGKt ABFABALYSf or control ling the
continuous data and also integrally controlling data input/output or the
like. Figure 14 is a block diagramillustrating the constructions of main
parts of the conventional recording/playback apparatus. 2 In figure 14,
nuner JECHNIéAdt 5 Ed.Idi sk type recordi ng nmedium and nuneral 3 denotes a
notor for rotating the disk type recording nmedium 1. Further, nuneral 2
denotes a r&berdiragéptayhuekthendrébatesi tong degbraindéphaypagknitted from
a lower control unit 5 in the disk type recording nedium11, or reading the
di gi t alpreéataauer iftitrenwrin itge odi sdeadipg ceedridiveg smelditaminh /drémt eansni tti ng
the data to the |l ower control unit 5. Further, nunmeral 4 denotes an

act uatmargnatiich deredbldesy iares edki aipdrsatiingn uderd o iedg ctthrenriec ecdiipgepitay back
head 2 on the disk type recording nedium1 in the direction of the radius
of th&oredtiandling@rbriinerals @aeneteh asmeamiy fand tvedeor aeitlay anol, di ng t he
data, when the data are witten in or read fromthe di sk type recording
medi umick 0o adtErc AR €y, ort o &f reeidreii ny/edesdaark Epparakes sshdafdr i ed out .
Nuneral 7 denotes an interface unit for exchanging data and commands with
an uppeltieditdlddinide e Mumiaalcd dignaters vy [towe opeanattioal, wiithofuar
controlling the interface unit 7, the nenory 6, the actuator 4, the notor
3, anddthe mgeand ng/ddiaplack haad 2. An apparatus conprising the
above-described constituents 1 to 7 is considered as a single device which
is knowmn as a hard disk drive, and it is regarded as a di sk device 13.
Further, nunmeral 12 denotes an input unit for receiving an input of data
such agcugkenndatzrT and nuneral 11 denotes an output unit for outputting
the data to a video display unit such as a nonitor. Nuneral 8 denotes an

interface uabhvbatiexehanyi B a recording/playback apparatus for
recording or reproducing continuous data which have been obtained
by digitizing analog data of video or the like by the apparatus
itself or which have originally been digital data, there is a
recording/playback apparatus having a recording device using a
disk type recording medium, which is called a hard disk drive, as
a recording/playback means, and an upper control unit for
controlling the continuous data and also integrally controlling
data input/output or the like. Figure 14 is a block diagram
illustrating the constructions of main parts of the conventional

recording/playback apparatus.



3 data and commands with the disk device 13, and the interface unit 8
transmts a conmand or data to be witten to the disk device 13 by a
command 14, and receives a response or_read data fromthe di sk device 13 by
a response 15 to the command 14. Nuner@al 10 denotes a nemory for
tenporarily holding the continuous data such as video data which are
supplied fromthe input unit 12, holding the data before being outputted to
the output unit 11, or holding the data for processing the data, performng
an error correction process, or_the like on the data. Nuneral 9 denotes an
upper contr®&t GhEVrEot4i nhegehRlylcBRRPbEEfi AglinE pYBBeESESr iRt BRIHM A
reading, witing, and the like, through the input unit 12, the output unit
11, tkadmwseral)3 gedotss ienterdodc£uninet@tiag wdg sk Ford sk devi ce 13.
The di sk device 13 is considered to be a sort of hard disk drive as a

r ecor diesngiing afedd Wordput ePur et harwsiaehtd geilo¥et ¥ di ng/ pl ayback
apparatus, a command to be transmtted by the coomand 14 is a single
conmanccandd nd @ Legdparks ekl tion i iddmendd a4 als dalteo tragisagltdade Sponse.
Next, the operation of the conventional recording/playback apparatus wl|
be descrliched acodrdilngintidc & filrowdirardi sshawps refdopdtigal BiedRivgurle D3 is a
flowchart illustrating the operation of the conventional recording/playback
appar atasslinonitthealdiygitial stege 540t terhe ruppier ek rolpaumdgcoxdsevyds a singl e
command 14 to the disk device 13. For exanple, it is assuned that the
commamekdlidind & arcbrrandnit4 it theadiatg a&oprgdetlewamenbrduant iuny tofs .dat a
froman address A on the disk type recording nedium 1. The di sk device 13,
whi ch rhas heageintach rtaie 4c aramricksldn mctteytc§1 021 cdomrrrail 1 g ke sactkuat or 4 by
the lower control neans 5 in step S103, and noves the re, cordi ng/ pl ayback
head 2gderdtiermddresovAmn dhee icicdiypy plecdrainheamwtliuimnl .thHEheli,ski n st ep
S104, it is checked whether a servo is operated or not. Wien no servo is
oper atgghe thedidihdeddianld riet wHes dixr et iapered ithe fradiaperst ivhg t he
servo. Wien the servo is operated, the disk device proceeds to step S105.
In st eRSMIP.1,t herdiridden o dehaxar W een@adi g afergidraadirigmidieligdigsk
type recording nmedium 1, and confirns the reading operation in step S106.
Wen the readi NgHRErald Qhts a K writdierdisk dewidrl 183 GaReds 410 tShRp
S108; otherwise, it proceeds to step 5107. In step S107, it is checked

whet here dd1R1 RAGHIIG BPEr Ay Gfh X GBEUS @ 4 |48 MR IrDiedd MRS tilat is
previously set. Wien it is under the |limted nunber of times, the disk

devi ce 133 rief WS- ity ShepP. ShidndLaper f@smd tde 4@ath e oR6s alinon agai n. Wen
it reaches the limted nunber of tinmes, the disk device 13 proceeds to step

S110. dybrshep et Qe d hed Qaim LN el cinid Bo@hdsordthe datas s ch is read

in step S105 to the upper control unit 9 through the interface units 7 and

8, andpiia HPPLIaGRd Dl Unide® dtei yeSuiNe it aothed ey data

transm ssion to the upper control unit 9 is conpleted, the disk device 13

pr 0?6%@&&%5&{%@&%, Ak SENGS- R & eshansicdia @S 1o, Wit hgstdhes pragess
i ndi cated by the conmmand 514 7s conpleted or not, to the upper control
unit S)che recording/playback head 2. An apparatus comprising the
above-described constituents 1 to 7 is considered as a single
device which is known as a hard disk drive, and it is regarded as
a disk device 13.
Further, numeral 12 denotes an input unit for receiving an
input of data such as video data, and numeral 11 denotes an

output unit for outputting the data to a video display unit such

as a monitor. Numeral 8 denotes an interface unit for exchanging



When the di sk device 13, which is provided with the disk type recording
medi um 1 and operates as descri bed above, is used as a recording unit of a
conputer, the disk rotation speed and t he seek speed for noving the
recordi ng/ pl ayback head 2 are usually:%et at high speeds for speed-up of
data processi ng. However, such speed-up causes a drawback that noise is
hi gh and power consunption is also high as a device. As a nethod for

sol ving the drawback, Japanese Published Patent Application No. Hei.

7- 334950 di scl oses a disk device j.n_whjch the user can sel ect node f.or

r educidffa RO MR, "Gk Ds f&ed sk He V& Isheddd e H@Qféarfdfaich &t he
data processing speed. In the device disclosed in Japanese Pub|ished Patent
Appl | GatitanIE.tsHe comauny, deadivevér PaiBi e §iP toeadick Sseess 43

sel ected, stillness and power consunption are sacrificed although

hi gh- dpeed chamenst ddes Nty LEse 15E Sachit@FRPRSEh Ah& SGtchéle Bardd OBt a | ow
rotation speed is selected, high-speed data processing cannot be achi eved
al t houjis s tdavimss sl My FowasREBFSURTt iten e commagdadtior y NUmRF3kasdn is as
follows. The conventional disk device 13 has been known as a recording unit
of a clarptes a areamt yforeduemosy ard Ie Madidhnde [ Gheblcentdasiadisn Gadmd 1%y back
of data even when the data are discontinuous on the tinme axis, and

t her efa eyiddo idatszatilsfdledines Jupnd ies! thremddre dapuelugdtt vély dalintg a
performance on which the user places a great inportance as 6 descri bed
above.ththetn ttahdoa ooy digigioplayiraok eab far dthes qurtewitdemhivi t1H +t v dicsldideyi ce
13 handl es video or audi o data, however, it is required that the upper
contrathainddt fuer froromse griocesdes dafeEh asenfidrniimgy reendi mgp rofcayorad tivwus
data on the time axis such as video and audio data in/fromthe disk device
13, vigescelsplay tdre d Mdem ditspldatauni tiNwoemelt 2ddemotee appeappennt r ol
unit 9, and the like, in the state where the data are continuous on the
time axdrtrdn widerfdmo iperdqyan Isuctorproddsises tire whasdte scord iswgh yashoul d be
mai nt ai ned, by the disk device 13 perform ng tinme-division processing, the
di sk dev £ erdad shpulwk stioreg tdred adnd i niloys wateugn e imgrmr yurdi: cdéhnect ed
to the upper control unit 9, and performthe processes while naintaining
the cofdé nstput Agcor dinglthe aserfory tie \drded iy deessifrg-d nutite & sks devi ce
13, there m ght be a case where a high processing speed is required for
recor diygag the ©ad agsippideikd riom t he outside on the disk type recording
medi um 1 and, sinmultaneously, outputting the already-recorded data fromthe
out put unit tht Ha skepeoddee 18he sdabasedeaedDibt Be ar sblie bitkkarandiakcase
where a high processing speed is not required because the data recorded on
the digki$ypes r&£cosehngi nedinin lof n thenglitsdr devigetid asevent yonal put t ed
fromthe output unit 11 to reproduce the data on the nonitor or the |ike.

Ther ef pE€ord Thd /161 2POVER MBS 4 0NaEs Met heshmMied eid Bdec tgesmimnt siedy Sed ect s
t he processing speed, which is disclosed in Japanese Published Patent

Appl i cathRindNoy 4 Hed - o 75 33400 Qeohde®, arld tHiee FOGRSSNA SPESd-aist be

adj usted to the maxi num speed anong the processing contents so that the
conti nuitya0f 1he;gontinupusidata isspisdegraded, stillness and power

consunption are sacrificed in many cases. Furthernore, since the
conventi onalydi8ConNY I 3¥3¢K of the conventional recording/playback
apparatus will be described according to a flowchart shown in
figure 15. Figure 15 is a flowchart illustrating the operation
of the conventional recording/playback apparatus.
Initially, in step S101, the upper control unit 9 sends a

single command 14 to the disk device 13.

For example, it is assumed that the command 14 is a command



apparatus is used as a recording unit of a conputer, in the processing
node, the upper control unit 9 issues a single command, and the disk device
13 nmerely responds to the single conmand fromthe upper control unit 9.
This i s advantageous for the upper coftrol unit 9 which controls the whol e
recordi ng/ pl ayback apparatus because the control unit 9 controls the disk
device 13 only when required and has no necessity of checking the response
when not required, whereby the upper control unit 9 can efficiently control
t he whol e apparatus. However, in the disk devic% 1%, t here arises g r obl em
that &9 Trapisrchinicate PEFECAETER Es AR hAsdesdi AGteannol BB B4PFFEE Bub™ The
present invention is made to solve the above-described problens and has for
its ofjhectditsk prdd dec®ndeddr dieddMPl dyback apparatus for processing
continuous data such as audio and video data, which apparatus operates to
reali ze devfbe péskodauhcesldesihiahbyas heeepbYed oFhe scrirard | v Yower
consunption and stillness, without interrupting the continuous data.

DI SCLGSWRE SO0 2THEATKVENT Gle a8 tAeterditngt Ghel doHer 6PnEKelpresdsdt °

i nvention, a recording/playback apparatus conprises: a disk device for

r ecor dimg tagt & 16)8 ,a adics naigre thec arediorglimedipdsybasd BsadppgetocSherol unit
for controlling processes such as input/output of data fromto the outside
of t hedaEsratfusn rdpr ettt ity eaneourodess megigm dat a,Then wdln s&$Pdat a
processi ng such as reading and witing of the disk device, wherein the
upper Sdand,r alt und tcHaudadd eé et heompo sietry oc dremepe riagsdaeee n@iti-t - Wiegh Nossues,
to the disk device, a conposite command conprising a real processing
commangk mid cils icdper giraat; e sHen gl icdmuevd. deo 1I3e radturalsl yroexac gped aitionhé&odi sk
device, and a virtual command which is a processing comuand that is
expectste tar ey itdstierk o t hethpperhe mrrod imidpdmeittdh ditsk dek clevdfaeer
the di sk device has processed the real processing command; and the disk
devi cerraydsess SdVBEIOLOont Tl strearsl 0%y tlee el Ingldtie e dip esidm temmand
fromthe upper control unit, and controlling witing or reading of digital
dat a, HHindg esOrdi g/ ftay back diead tfyaye perdoydiimg merditimg orndeadi ng  of
digital data in/fromthe disk type recording nedium Thereby, after the

di sk dewi £iermast ko 248y tdife RIOIGRS Si It s [BITH .ng Wheert hehe eadadiimecessi ng
command, the disk device does not go into the standby state where the

devi ce;y@id i diorif nert, caTedickk bidvived U gind deeapertat etdm Sl@sponse to
the virtual conmand . According to Claim2 of the present invention, in the

recor di 1o ph ayback: apRsdadas ©f e M7 & herh osesp cONAT Ol i i schecked
whether the reading operation exceeds a limited number of times
that is previously set. When it is under the limited number of
times, the disk device 13 returns to step 5104 to perform the
reading operation again. When it reaches the limited number of
times, the disk device 13 proceeds to step S110.

In step S108, the lower control unit 5 sends the data which
is read in step S105 to the upper control unit 9 through the
interface units 7 and 8, and the upper control unit 9 receives
the data. When the data transmission to the upper control unit 9
is completed, the disk device 13 proceeds to step S110, and sends

a response 15 as to whether the process indicated by the command



9 includes a virtual conmand reception neans for receiving the virtual
command of the conposite command, and nmaki ng the di sk device execute a
proces$ corresponding to the virtual command and t hen maki ng the disk

devi ce standby; the process corresponding to the virtual command is a
process up to a point of tine when the disk device cannot continue the
operation unless the virtual command is changed to the real processing
command; and the | ower control means receives the conposite conmand, nakes
t he di sk device carry out a process corresponding to the real processing
comuid, igakesrdeteshersdolto (6t ithE PP SIpSOREoHt Mo tufit that the process
correspondi ng to the real processing command is conpleted, and thereafter,
t he virtual Weermehe deskplevhcaebds PeiEhr i PrRevidededstiobrespbifling to
the virtual command. Thereby, the tinme fromwhen a command is issued from
the uppee cesorelingnimedigmie @aNchepsredeEss aiss desmslidrsd abavepe 1shseeened,
and a risk of interrupting continuous data such as video data can be
reduces. aAcesrdidiga anditaiof 2 compve e eddrt dimkemateiom spieed and
recordi ng/ pl ayback apparatus of Claim1l, the upper control unit further
conpr ithes sa sikudgemsntt oot imoariing ithsu e nrdae P ehydaokddemeht2 exieteri a

i ssuance neans itself creates judgenent criteria suitable for a perfornmance
desi r ebulay 1an seyteradat dwiohf stoleedse domdisrg/aul-aybadk dayiza pators s simidch
performance is uniquely set or is selected fromplural prepared

per f oHaREes , by udhe spredatugr caants ssubswleksdmt adilse disshiggviane, t he
di sk device further 10 conprises: a sped switching neans for switching at
| east peiwdrercoafs uiptieasti st wi sor e sseek cpeaeds. WA he ares:Ispkefts f or
transferring the recording/playback head, and at |east two or nore disk

r ot at ise vipee dheMircivbaick, s [Teetsdser uatlatshegl tHaer etits Bppyiieatdeor diong

medi um and a speed sel ection neans for selecting an opti num seek speed or
di sk netiat 7643 3psed dirs@hdhes jadgarederdd em ahiand thiee idiexk addevi ce
receives the judgenent criteria suitable for the performance desired by the
oper ats@1 ddtor iRl Udge RituCiind efHe dissuanaa tieanspeaeel ent sHdaeent i num
seek speed and disk rotation speed by the speed sel ecti on neans, and

swi t chgedd)e steakh s perd- it dicK dHY aldten mhReekdind pesel.ected opti mum
speeds by the speed switching neans. Thereby, after the disk device has

conpl eted thg precgssicar HespeBILAJihoJhBenkeal pRHOEEEEHNGateAEENd, the
di sk device can voluntarily operate beforehand in response to the virtual

comang Anta iyt Ry Mg, . i1- LA npendievdl F e8RANSE HigrbatdtLfidhe real
processing command and the virtual conmmand in accordance with the judgenent

criterdgaLoriresRondiiyg t astihe riayd %@?J@mg\ﬂ@ﬂmﬁ d¥e tdhieramarior,
whil e switching the seek speed or the disk rotation speed, thereby

per f orguidighafh BIGHINBLREI A L bidbdBY il Ibe ALGOraidd, t ofl@ien 4 of the
present invention, in the recording/playback apparatus of Caim3, the

j udgenpife CH{dR], Gl Pagsd QA dNoRSHIER 1 9D dhalcddhy aong-ufday of
continuous data is naintained, include a predetermned tine which restricts
11 data processing cannot be achieved although stillness and power

consumption are satisfactory.

The reason is as follows. The conventional disk device 13

has been known as a recording unit of a computer, and only

required to perform reliable recording and playback of data even

when the data are discontinuous on the time axis, and therefore,

it is satisfied as long as the user can selectively specify a

performance on which the user places a great importance as



the frequency of switching of the disk rotation speed, and give priority to
a highly expected speed in the seek speeds or disk rotation speeds, in
atcordance with the performance desired by the operator of the

recor di ng/ pl ayback appar at us. Therebyﬁ t he upper control unit can create
the judgenent criteria corresponding to the device performance desired by
the operator, and transmt the sane to the disk device. According to Caim
5 of the present invention, in the recording/playback apparatus of C aim 3,
t he upper control unit further conprises an expected tinme information

i ssuaée Gfe: f&PViessui ng an expected tine together with the conposite
command to the disk device;, and the expected tine is a time which is,

obt ai ned byWesPpebhe nECEOTabRBIP L3 RATK P RRENT LheP IpPEied ofit | thpi €18ksues
t he conposite comuand by the conposite command neans to when the virtua
commas@véice e damsdsist & igepmand avdios saéd  adovkEereall tpisc &ssivig e€omuand.
Thereby, the disk device can operate without interrupting continuous data
whi | e thaitt diengiroge geartarilonnd e &d PRirERirAst BEoerpeesedUChm@s i n execution
of the virtual processing command and the virtual command. According to

C ai M8 igfingia eaddsanefi ppattingalsi dathe one tbeditagepkayisaskchppar Atldsoof
Claim3, the upper control unit further conprises an expected tine

i nf or mad emdiss gartee imgdmont shei sdgkngleyn cexpdet ¥d deomd isivd aan caxpect ed
command i ssuance interval together with the conposite conmand to the disk
devi cerideol itsipd agx padttedonineetiesl &ot itire wpelr conalrodi med thy,expecttheg a

| apsed tine fromwhen the upper control unit issues the conposite comand
by théidkenpdsi ttéec arinered witeaes the dhéen e vontdabocsnwandhef ttime eardposite
command is issued as the real processing command; the expected command

I Ssuaree oridess @l pdex faim BlLehv dlrowkiselesi $nokhaichedoby iexpect ishgud dc rmand

i ssuance interval at which plural commands are issued after the conposite
commad iink dissued o ywher die kexipediced 160 meaTd rind siyandee-dlierisdloni S one in
whi ch, during a set tine which is set sufficiently |onger than the

pr edetaiotdsed rig, me heneligdte deivii cehe 3) yigamenis tefret &hiea cohitistuoespeeized
command intervals that are approximately equal intervals are continued and
t her eaft edhes araiRd yvexpeebatectiear tal $hkehabpare cappirodi mmtiel v, egumal
intervals, which are different fromthe first expected command intervals,
are cetrfyded tH @ roeesked whine mafiorEahiony itheUabee imRaRs .l ssues the
first expected interval, the second expected conmand interval, and an
expected ChaRgEr&inB19l wbi £brthge csaﬂar@@d;[ar@éééyﬁxhgl $n expecy edxt @e¢haage
fromthe first expected command interval to the second expected conmand
interva, @ ehligs the aC%Jg%sm%&omagha@)@ot:%@,s%@e%&:%@dt i, to the

di sk devi ce; and when the expected command i ssuance interval is one in

Whi ch el ifddcB tr X R 1 6QMFRRA datbe Vil ialde ookt ithideddidiidrg dnhe nget
time, the expected tinme information i ssuance neans issues the first
expectfd 1C PPN G- ddHr@fivd medi@nsS acand, exnaehednedmsand oHtuMalindavneg the
sane value as the first 'expected comand interval, and the expected change

time 13 DR gdie SR Ve 88l BRLPR LnR, 13S peeldoA® e GoEposite
command and "t he expected tine, to the disk device. Thereby, the disk device

can peffaf MW bidHing 0f 1 kg diishd, 0Lald an SReEGNMILR Wildh kR Rsing

relatively long tine, as well as the seek speed, upon a |ong-term

expectPd -1 AU D 1R LIS Ot He a2 30 e R Ahe Il K& ype
recording medium 1 in the disk device 13 are only outputted from
the output unit 11 to reproduce the data on the monitor or the
like. Therefore, in the above-mentioned method wherein the user

uniquely selects the processing speed, which is disclosed in

Japanese Published Patent Application No. Hei. 7-334950, since



recordi ng/ pl ayback apparatus of Claim6, the disk device perforns a process
corresponding to the real processing command and a process corresponding to
the virtual command while switching at_ | east either of the seek speed and
the disk rotation speed on the basis of the j udgenent criteria, processing
speed information of the disk device itself, the expected tinme, the first
expected command interval, the second expected conmand interval, and the
expected change tinme. Thereby, the disk device can perform an opti nmum
operation for the device performance desired by the operator. According to
Ol ai mt&oPHAE SHES PSR ANSToRe i I5E S &6r éﬂ‘ﬁgi“ﬁl"&%ﬁ‘cl@pﬁﬁéara%ﬁg of
Claim?7, the upper control unit calculates the expected tine, or the first
expectd® EERFETE Lnst sorden tsheos &bditd t[epsendd tediard ithee CORIEINERY S he
expected change tine, on the basis of a processing content of continuous
dat a Eerier dis @@ hPadradgshestdddiiesls @i Howed £ongUEpée@raltkhi ch t he
continuous data are processed in a nenory that is connected to the upper
cont r slaamiifii cadd iremedwardasgsst ores the continuous data, and processing
speed information of the disk 14 devi ce. Thereby, continuous data to be
processed, Buchhesmerdeosdaca, toancheverbtenasbdrerehdimaipiaybapki ng the
data. According to Claim9 of the present invention, in the

r ecor @ippginal taysh dck usEshrest us refcotidding 2nitthe fviar oeaputemand tdeept i on
means perforns the process corresponding to the virtual command while

SW t ¢pinugretstee rse elodspeatheouppee dicsi nodt atniidn 9s peesaie st lae sdingi edevinp@rnidssues
a response to the upper control unit at the point of tine when each process
i S complcettdek idi skhelgwriacedsS amredsparetipogdso tichehe rstinall ec comeacd dmrdnt he
upper control unit is provided with a response-to-virtual -conmand obt ai ni ng
means they uppeai morg rdie urdspense. Thereby, the upper control unit can grasp
the present state of the disk device, and issue a nore appropriate

processi ng thireang adAefeadedgst o€l ahe hPpet tbatpokseniti dvehichn, in the
recordi ng/ pl ayback apparatus of Claim9, in the process corresponding to

t he viddntado IGOraMmNaAihoMe - ddvg aviind /Al a yeararbpatel tude b dcgadienghef  addr ess
and data, the disk device perforns reading after seeking to the address,

st or exdte-datimiith 4 heynmmry dmstaldiedidvidda Hicsk ydawiee rarahi rddeseaf t er,
i ssues a response to the upper control unit, and goes into a standby state.
Ther elyss Wiehddies ity W Griv@ngy vl caidgihdeadidty rorangemitred,he real

processi ng conmand, the readi ng operation can be conpleted earlier, whereby
data Ga{e e ProcesstMddiaittol Wbt 9 can efficiently control the
whole apparatus. However, in the disk device 13, there arises a
problem that an appropriate operation to the processing cannot be
carried out.

The present invention is made to solve the above-described
problems and has for its object to provide a recording/playback
apparatus for processing continuous data such as audio and video
data, which apparatus operates to realize device performances
desired by the operator, such as low power consumption and

stillness, without interrupting the continuous data.

DISCLOSURE OF THE INVENTION



inmpairing the continuity of data. According to Caim1l of the present
invention, in the recording/playback apparatus of Caim9, in the process
corresponding to the virtual command, when the virtual comrand incl udes
witing of address and data, the di sk %evice issues a response to the upper
control unit after seeking to the address, requires data to be witten,
stores the data to be witten, which are transmtted fromthe upper control
unit in response to the requirenent, in the nmenory installed in the disk
device, and goes into a standby state. Thereby, when the virtual command

i ndi cat i ng MG HR T HenGeR i & e rtdw pirasreddsiliy edd®ind,2 t he writing
operation can be conpleted earlier, whereby data can be processed w t hout

i mpai rdewp ndiengyanita yRealy aFfoad@tals Acowmtdissg it @ digikmderigfe tfieg present
invention, in the recording/playback apparatus of Clainms 10 or 11, in the
pr ocesaordiggpaladiangnt @ tdies vitvnsalr esomeimg, neeendatead @grbalbmet ten are
stored in the nenory installed in the di sk device, an approxi mately whol e
capacidontofolt heirtenforyy destused iingnwinages seap asiaty aseduipmsd dudipuvd mfni num
process such as error correction, and, when data to be witten are stored,

t he datata of MwemArd tithen cartes isteorcefdl thyorappeinataisni neprerodutitem guaht i ty whi ch
can be read at high speed by the disk device, in the nenory, as a free
capacignocelwireb\yn f whets ,t s waltluas catmmtdce ssing ranged s addaaneeal 16
processi ng command as expected, an advance process corresponding to the

Vi rt ualnd armedlich € it eheexE @K etk wiidd)owhdresimg atgdear awrittdalg,unid ch data
are required for recording. According to Claim 13 of the present invention,
in theideaeisl ng/qmyhacke arparaidls fuadal mMndt We i skddr, castieres an
operation speed of the disk device itself, an operation sw tching speed,

i nf or repttd P SONEST N NEbrPBMEIt € WrsiEHd FompHic e d ik 1 prideegHisly t ype
recordi ng mediumor in an nonvolatile nmenory which is installed in the disk
devi Ceyonhriy Riede! erdried-JdBilng avnddifl WPele GRITU=01 HRide ARHR] N t he
information as required at start-up or the like of the recording/playback
appar atps, ¢ 2l & eates dfte ARPIARTE 1at@nintdEERRICICHd &F ighoddiayiehy
controlling the disk device. Thereby, even when the disk device is

exchanggghdue 1 aid W rddad ik, 1 SN RREtHONPRr Widtcan Lhtai n

information required when creating the judgenent criteria, and can update

the | udgermnty Ol L@l B BRHEL DERCR] RN (N fFeel Hia DRAWNES & gL redis a

bl ock di agram of a recordi ng/ pl ayback apparatus according to a first

ebodifeile O J NG ARESRIT dlty A Ot oI dohtddMChANloddy Ustrat i ng

peration of” the recordi ng/ playback apparatus according to the first

enbOdiégH%réi ﬁéﬁhéwf3¥”geééﬁg%ﬁé(¥he composite command from the upper
control unit, and controlling writing or reading of digital data,
and a recording/piayback head for performing writing or reading
of digital data in/from the disk type recording medium.

Thereby, after the disk device has completed the process

corresponding to the real processing command, the disk device
does nct go into the standby state where the device waits for a
next command, but voluntarily operates in response to the virtual
command.

According to Claim 2 of the present invention, in the

recording/playback apparatus of Claim 1, the lower control means



17 Figure 3 is a block diagram of the recording/pl ayback appar at us
according to a second enbodi nent of the present invention. Figure 4 is a
bl'ock di agram of the recording/pl ayback apparatus according to a third
embodi ment of the present invention. Fgure 5 is a view for explaining
expected tinme information of the recording/playback apparatus according to
the third enbodi nent of the present invention. Figure 6 is a flowhart
illustrating an operation when perfornmance desired by an operator of the
recordi ng/ pl ayback apparatus is energy saving according to the third
enbodilrmghud@rs tthé igitesdnCameat irae et iguy @eanss f91f LeweHALRd [th@st rati ng
an operation when a perfornmance desired by an operator of the
recor dﬁlﬁgvl@llamwwragmﬁr dthes dompsts i Yeneesmaacor @ingg Mad 1nige thigi £d S&nbodi ment
of the present invention.

device execute a process corresponding to the virtual command and

then making the disk device standby; the process corresponding to
the virtual command is a process up to a point of time when the
disk device cannot continue the operation unless the virtual
command is changed to the real processing command; and the lower
control means receives the composite command, makes the disk
device carry out a process corresponding to the real processing
command, makes a response to notify the upper control unit that
the process corresponding to the real processing command is
completed, and thereafter, the virtual command reception means
performs the process corresponding to the virtual command.

Thereby, the time from when a command is issued from the
upper control unit to when the process is completed can be
shortened, and a risk of interrupting continuous data such as
video data can be reduced.

According to Claim 3 of the present invention, in the
recording/playback apparatus of Claim 1, the upper control unit
further comprises a judgement criteria issuance means; the
judgement criteria issuance means itself creates judgement
criteria suitable for a performance desired by an operator of the
reccrding/playback apparatus, which performance is uniquely set
or is selected from plural prepared performances by the operator,

and issues the same to the disk device; the disk device further



Figure 8 is a flowhart illustrating an operation of the recordi ng/playback
apparatus in step $S418 according to the third enbodi nent of the present

i nventi'on. Figure 9 is a block diagram of the recording/playback apparatus
according to a fourth enbodi nent of th@ present invention. Figure 10 is a
vi ew showi ng a capacity of a nmenory according to the fourth enbodi nent of

the present invention. 18 Figure 11 is a flowhart illustrating an
operation of the recordi ng/playback apparatus according to the fourth
enbodi nent of the present invention. Figure 12 is a flowhart illustrating

an operapirésesten APeCr SWAILCOSRFaRGaNRditoat 68 1tehdngg aitn leRet elther

recor di ng/ pl ayback apparatus according to a fifth enbodi nent of the present
of at least two or more seek speeds which are speeds for

transferring the recording/playback head, and at least two or
more disk rotation speeds which are speeds for rotating the disk
type recording medium; and a speed selection means for selecting
an optimum seek speed or disk rotation speed from the judgement
criteria; and the disk device receives the judgement criteria
suitable for the performance desired by the operator from the
judgement criteria issuance means, selects the optimum seek speed
and disk rotation speed by the speed selection means, and
switches the seek speed and disk rotation speed to the selected
optimum speeds by the speed switching means.

Thereby, after the disk device has completed the process
corresponding to the real processing command, the disk device can
voluntarily operate beforehand in response to the virtual command
and, furthermore, it can operate in response to both of the real
processing command and the virtual command in accordance with the
judgement criteria corresponding to the device performance
desired by the operator, while switching the seek speed or the
disk rotation speed, thereby performing an optimum operation in
more detail.

According to Claim 4 of the present invention, in the
recording/playback apparatus of Claim 3, the judgement criteria
are based on the assumption that the continuity of continuous

data is maintained, include a predetermined time which restricts



I nvention. Figure 13 is a flowhart illustrating an operation when the
virtual command indicates witing in the recordi ng/pl ayback apparatus
accordi'ng to the fifth enbodi nent of the present invention. Figure 14 is a
bl ock di agram of a conventional recording/ pl ayback apparatus. Figure 15 is
a flowhart illustrating an operation of the conventi onal

recor di ng/ pl ayback apparatus. BEST MODE TO EXECUTE THE | NVENTI ON

(Enmbodi nent 1) Hereinafter, a first enbodi nent of the present invention

wi |l be described. In a recordlngﬁglayback apparatus according to the first

emboditfentireguasnimmed Boviftadmng sy a9 lapgen ERRe el A 1919 hrough
interface units 7 and 8 to a |l ower control unit 5 is not a single conmand
as i n AHepitivrtara high! va e@Rsdsic sneerheRd emsaed sFeede T Priddessi ng
command for performnm ng processing 19

rotation speeds, in accordance with the performance desired by

the operator of the recording/playback apparatus.

Thereby, the upper control unit can create the Jjudgement
criteria corresponding to the device performance desired by the
operator, and transmit the same to the disk device.

According to Claim 5 of the present invention, in the
recording/playback apparatus of Claim 3, the upper control unit
further comprises an expected time information issuance means for
issuing an expected time together with the composite command to
the disk device; and the expected time is a time which is
obtained by expecting a lapsed time from when the upper control
unit issues the composite command by the composite command means
to when the virtual command of the composite command is issued as
the real processing command.

Thereby, the disk device can operate without interrupting
continuous data while switching the operation speed within the
expected time, in execution of the virtual processing command and
the virtual command.

According to Claim 6 of the present invention, in the
recording/playback apparatus of Claim 3, the upper control unit
further comprises an expected time information issuance means for

issuing an expected time and an expected command issuance

interval together with the composite command to the disk device;



actual ly, which corresponds to the conventional single command, and a
virtual command which is supposed to be issued to a disk device 13 after
the real processing command. Initially, the construction of the
recordi ng/ pl ayback apparatus accordin 2to the first enmbodi ment will be
described with reference to figure 1. Figure 1 is a bl ock diagramof the
recor di ng/ pl ayback apparatus according to the first enbodinment. In figure
1, the sane constituents as those of the prior art shown in figure 14 are
gi ven the sane reference nunerals, and description thereof will be omtted.
I'n fiddte SKPSRRRST 1B Iderfbttedi "Eoipbslt ERGHRE bvs SERREE 1G9 € f or

i ssuing the conposite command 16 conprising the real processing command and
the vilrARFEEd doffarfd @ W dilsk WRATCETEr Huddydl 165 Ugén 58€s CRmprsi L4l
command reception unit for receiving the virtual command from the upper
cont r SIOTHANRC DY G MPHIRS diss ICEATER MERNS dQutd el fhec 844 tEgrr espondi ng
to the virtual command as far as the process can be performed w thout
changiafymaiel \af thig compRgide camanceds deavatd asatd e Feadabirece sgakiong
the di sk device 13 standby in the state; and nunmeral 17 denotes a response
to theawaski ttdiec anreutad qamendriceesgiay iedemyed disd ani drgsir vedmmand)
Next, the operation of the recording/playback apparatus according to the
first wirisddiirse rib tw iide dhéo yd eessgrd divich ca e aradimegud dsss Ualnesc Hartie rsfadwa ti n fi gure
2. Figure 2 is a flowhart illustrating the operation of the

r ecor dilnigiplralyhack apparatisusire 26 accbreditey tthe lmomposgtt ee woodiamenti s
Initially, in step S201, the conposite conmand i ssuance unit 18 of the
upper icontadyl widrnt thesengsdiesl compesid d ssommed 1h8 econrdr iisi oget Ha real
processi ng command and the virtual command to the disk device 13. For
exanpwhidi, idimssuneddthatinadeviriedl iy eees Suff icdrmald ilongecommand f or
reading a predeterm ned quantity of data from an address A on the disk type
r ecor dineg predidtarhird dihe viddlialeC amradd i1y ct@mtanrd ifteirikeadiifg ta
predeterm ned quantity of data froma nenory 10, and witing the data into
an addigsstROredmeart sin e Iecfat R dredipioxinaddleh douadi fihekertallkr om
the address A. Thereafter, in step S202, the conposite command 16 as

ment i eied i taralTAd R Hdy agbrid & dgdaiddaae tethiad s7 tard drand
received by the lower control unit 5 in the disk device 13, and the virtual
CoMMBRGHY b s NP asfuiA corT@mnh 1 iwhil@ceine dinf e tvironalt heo FiaRd
reception unit 19. Then, the disk device 13 executes the real processing
comuanRgddt e MR tig P e idbritieRe 524 d @32 edl@ 1hR specific,
initially, the lower control unit 5 of the disk device 13 controls the

act uatiQff A itdipts SN dec g/l Axback hegd 4 el rand iMRwes a9 the
address A on the disk type recording nedium11 in step S203, and checks

whet hath e SRIOHY i skfRETR &brfarPtin tI8 N0 R Q) Ik RREIRL @Gharigle tliquer
control unit 5 returns to the operation for operating the servo

at which the command interval is expected to change from the
first expected command interval to the second expected command
interval, as well as the composite command and the expected time,
to the disk device; and when the expected command issuance
interval is one in which the first expected command intervals are
continued during the set time, the expected time information
issuance means issues the first expected command interval, the
second expected command interval having the same value as the

first expected command interval, and the expected change time



21 otherwise, the lower control unit 5 goes to step S205. In step S205, a
predeterm ned quantity of data are read fromthe address A on the disk type
récording nedium1, and in step S206, the readi ng operation is checked.
When the reading operation is "K', the | ower control unit 5 goes to step
S208; otherwise, it goes to step S207. When it is decided in step S206 t hat
the reading operation is not "OK'" and the control unit 5 goes to step S207,
it is checked whet her the nunber of execution tines of the reading
operation exceeds a |limted nunber of times which is set previously. \Wen
the nifenofthexselE IR ltienes e et dddishg Soheredtl & iduFParasies it ed
nunber of times, the lower control unit 5 returns to step S204 to perform

the r &RAM3GDbpecatibén exgsicteahdittheta dddnihigt K€ ViGfit ed nunber of ti nes,

the control unit 5 notifies the upper control unit 9 that the processing is
Thereby, the disk device can perform switching of the disk

rotation speed which will take a relatively long time, as well as
the seek speed, upon a long-term expectation.

According to Claim 7 of the present invention, in the
recording/playback apparatus of Claim 6, the disk device performs
a process corresponding to the real processing command and a
process corresponding to the virtual command while switching at
least either of the seek speed and the disk rotation speed on the
basis of the judgement criteria, processing speed information of
the disk device itself, the expected time, the first expected
command intefval, the second expected command interval, and the
expected change time.

Thereby, the disk device can perform an optimum operation
for the device performance desired by the operator.

According to Claim 8 of the present invention, in the
recording/playback apparatus of Claim 7, the upper control unit
calculates the expected time, or the first expected command
interval, the second expected command interval, and the expected
change time, on the basis of a processing content of continuous
data controlled by the upper control unit itself, a speed at
which the continuous data are processed in a memory that is
connected to the upper control unit and temporarily stores the

continuous data, and processing speed information of the disk



not conpleted, in step S210. Further, when the reading operation is judged
as being "OK" in step S206 and the | ower control unit 5 goes to step S208,
the | ower control unit 5 sends the data which are read in step S205,
through the interface units 7 and 8, td the upper control unit 9, and the
upper control unit 9 successively receives the data in step S209. Wen the
di sk device 13 conpletes the data transm ssion, the |ower control unit 5
makes a response 17 to notify the upper control unit 9 that the processing
is conpleted in step S210, and the upper control unit 9 receives this
respo 1C&2 17 in step S211. The processes up to here corresponding to
the real processing command are identical to the operation in the case
where a si nglerdommeari iinuaif dada He disspreaassed 3 sush i pridse aatad n
this first enbodi nent, processes corresponding to the virtual command,

whi ch 9a ibfcRIRRe S Se4 e beiosinte reomidmg oo é@diaved by the | ower control
unit 5 in the disk device 13 in step S202 and is inputted to the virtual
command r edegdshinghito 1Maiw 19 dfe W mnegemit iinvenid ool ligwitdyy st eps S212
to S214. To be specific, in step S212, the virtual command reception unit
19 i n newomiliglg/dehvade dd appaneadivs ife Hetigattor thes vitrata lt kemmand
recordi ng/ pl ayback head 2 seeks and nobves to the address B on the disk type
r ecor diguppieidirumebnsc pesok® natre ttiher piriveeser o rirs's poperiatge dcorthrotv iint ustlep
213. When no servo is operated, the servo is operated again; otherw se, it
goes tcrmsiepl S2{4l carsvittcanidsy hhe sadk spsteat ©r Ahtehalighk irotiaximot shown in
figure 2, when the above nentioned virtual comrand changes to the actual
conmarghedd e.thd i glealevpraec dssiurg commmpdnstcheodithie dgypere chbhtiredei ves t he
data recorded on the nenory 10 through the interface units 7 and 8, and
wri t esirtilte atattéhd pdinet adiireiss: Bhemnt eadh @irddes st €6o radind/eilealy Hack Heead 2
has previously been noved in step S212. As descri bed above, according to

t he figrsdcesiBamt ridporidiene o tvd s dlr aesiranioed ainfdr ahgh udped nt er f aces
7 and 8 to the lower control unit 5 by the upper control unit 9 is changed
from control unit is provided with a response-to-virtual-command

obtaining means for obtaining the response.

Thereby, the upper control unit can grasp the present state
of the disk device, and issue a more appropriate processing
command.

According to Claim 10 of the present invention, in the
recording/playback apparatus of Claim 9, in the process
corresponding to the virtual command, when the virtual command
includes reading of address and data, the disk device performs
reading after seeking to the address, stores the data in the
memory installed in the disk device and, thereafter, issues a
response to the upper control unit, and goes into a standby state.

Thereby, when the virtual command indicating reading changes
to the real processing command, the reading operation can be

completed earlier, whereby data can be processed without



23 a single command to the conposite command 16 conprising the real
processi ng conmand and the virtual conmand, and the processing indicated by
the virtual command is performed after the processing indicated by the real
processi ng command. Therefore, when thé& virtual command changes to the real
processi ng command, although, in the prior art, the recording/playback head
2 is sought and noved fromthe point of time when a new conmand is issued
and, further, tinme to performservo check is required, in this first

enbodi ment, the processing corresponding to the command can be perforned
with AP ddsc Gopdd tprddessi §§t-ne being onitted, whereby the tine
for executing the processing to the command from the upper control unit 9
can be redde&sPraims tedd@imod i wh HéepPs@sssithg vieme Los  advafiggeous in
mai ntai ning the continuity of the continuous data such as video data to be
hand| &¢comedd nodddlavdaiok elvpanatasr edolCdiangy By ayiPadkeapyacssss can safel y
continue the processing. (Enbodinent 2) Hereinafter, a second enbodi nent of
t he prossastspomddmd ¢ wihlel Ve tgiedc doadnd, n wi ane ddved ivig/tpledy saskaagdpar at us
according to the second enbodi nent, a sel ectabl e seek speed or disk

r ot at iiowe lsydesd wrs tiatg ofi quelne sselaect ed tfaor thive ddeki devierf dsserse adesi red
by the operator of the recording/playback apparatus, the upper control unit
9 det ererspoes ea fouddenemipesr idoartira If anitthe fdevri cegkemfgortmante desiresd, by t he
operator on the precondition that the continuity 24 of continuous data
such asquides datta it érswrdd tiem,t lve&oresortdienglatlaaybadle appatanyswhaett t he
di sk device 13 perforns processing corresponding to a command fromthe
upper axenttrrainsurittt 6 iricme thieamgipry tdoa txedk wspded norredipek seot-at ithe speed
at its own decision based on the judgenent criteria. First of all, the
const rieefuioremeint, heln eter diengmpy dylack lappadmtihe adetr dievd ce) thel geesnd
enbodi nent will be described with reference to figure 3. Figure 3 is a

bl ock igitagraamdadrndist r«atadtrg t he recordi ng/ pl ayback apparatus according to

t he second enbodinent. In figure 3, nuneral 20 denotes a judgenent criteria
i ssuance umiHeredy,Chafin thd Re giigge Bkinaeld tieldidatdn qa widek ngPpesdnde sa

di sk rotation speed corresponding to the device performance desired by the
oper attd tife thee Ir @EAHSAMNY BB PRMAWS £ idiyd dpeitient RenChiet eria to

t he di sk device 13; nuneral 22 denotes a speed selection unit for selecting
an optdompnetRRK 388G r9r wWeepoiRida0tasPerd b ddhe esiisnefutt he j udgenent
criteria; and nuneral 21 denotes a speed switching unit for changing the
seek spged Onhditle rQIatini Spead dsad.hat sel ected by the speed sel ection
unit 22. The same constituents as those shown in figure 1 for the first
enmbodi ment & @A MRN de1sanE efar afee YRRl Sinvh ideschinptdhen t her eof
will be omtted. Next, the criteria for judging a seek speed or a disk

rot at i Qi siRee Q1 4yt i G e R aybadk idRparaidss 1accandidhe HRodkgssecond
enbodi ment wi Il "be "described with respect to two cases, 25

corresponding to the virtual command, when data to be written are
stored in the memory installed in the disk device, an
approximately whole capacity of the memory is used leaving a
capacity required for a minimum process such as error correction,
and, when data to be written are stored, the data to be written
are stored upon maintaining a minimum quantity which can be read
at high speed by the disk device, in the memory, as a free
capacity.

Thereby, when the virtual command is not changed to the real



assum ng that the performance desired by the operator of the
recordi ng/ pl ayback apparatus is energy saving, and that it is stillness. In
this second enbodi nent, in the above-qgntioned speed switching unit 21, the
seek speed can be changed in two |evels, "high speed" and "l ow speed”, and
the disk rotation speed can be changed in two |l evels, "low speed rotation”
and "hi ghspeed rotation". Initially, a description wll be given of
judgenent criteria in the case where the device performance desired by the
operator i s ener saving. In the speed swtching unit 21 of the

r ecor ARSI Sy A TERRST U EXRETHEE 1 170 ST A5 SRR 1S wo

| evel s, mq%g it is _assuned that the power consunption at high-speed seek is
W whitl% e Poviel o GiREmaRd Gietatts GEeHeed sEdq e s ik dsdwierfor
consunption W2 at | ow speed seek is certainly snaller than the power

consurtftl o e wiidh girlsheas Faidrd fe & éingh expected val ue of the
seek speed in this case is a | ow speed. Accordingly, the disk device 13
performs anPBpeFALRentahflaiBeldcPfnghenereafntpeBHesEeRnw LRI ARE range

whi ch does not inpair the continuity of data. Further, in the speed

swi t cHiarprshing /ol aieckiianparatats of sgadan i3 dihso disdngeatiice istanes

| evel s, and the power consunption is certainly |Iower at |ow speed rotation
t han &n HiRgradpasd stsed iadh el ditskedsfiras, idsedxXpecredpealaig cof  di sk
rotation speed in this case is also | owspeed rotation. However, with
respectwit@ang soeedi sk foomstiion syves rndmga pemeEpT icnes wspdadcdrnac@orxddi ng t o
the contents of data processing should be selected. That is, when data to
be haridieed idree igorithenubiusk datree seclvasing dedlidat @ranch tame neoovodrtt idfe
processing is large such as handling two sequences of continuous data at

t he saremarymwhifar iexans sl wtenirondes efusgnce vdicegontn ru@uedddateaniisniedaken
fromthe input unit 12 and witten. on the disk type recording nmedium 1

whi | e fidmeradt/hemnds efueenggp e aorttricluoust tatcecains edek findiortdae idirskast ype
recording nmedium1 and outputted fromthe output unit 11 to be viewed as an
i mge,reepeirdd dthestexpeatped v alhee ldfkd hef dihgk reatoatdion /sestback " | ow speed
rotation", the high disk rotation speed m ght be inpaired wthout the high
di sk rapptnausspesti Qedtes atheeradpaghr jshen Stk ctmite rir iafe iragcessi ng i s
smal | such as handling one sequence of data, for exanple, when only one
sequente b yWaiohtre Iready faremdiy diesiideype recordi ng medium 1 and
outputted fromthe output unit 11, the continuity of data m ght not be

i mpai red evenewhpy, t Beedli fkehotREi @NsBPEEdits 58t ekBnahguas@gedtpot ati on”
as the expected value of the speed. Hereinafter, a description will be

gi ven fofi laglidr ol 16Xy, e SSie0RH el weltadlli RGian RpPLeM-iat € di sk rotation
speed according to the content of processing. For exanple, the power
consunpiicimaiglortdgquingl WMt e des tiequithed jwWhkienldhe ¢rsk dratat ixemm speed
is "high-speed rotation”, is WB, a difference in powers to be consuned per
unit tddre updteh e hrpeded fari eagh of hi gh-speed rotation and | ow speed
rotation, is D w3, and the 27 power consunption per unit time, which is
required for | ow speed rotation, is WB-D WB. Further, a difference in
powers to be consuned, which are additionally required as conpared to at

hi ghspget i aimddrapMidihidy the iRy miesyi red for deceleration to change the
di sk rotation speed from hi gh-speed rotation to | ow

Figure 1 is a block diagram of a recording/playback
apparatus according to a first embodiment of the present
invention.

Figure 2 is a flowchart illustrating an operation of the
recording/playback apparatus according to the first embodiment of

the present invention.



speed rotation, is DW, and a difference in powers to be consunmed, which
are additionally required as conpared to at highspeed rotation wthin the
ti'me réquired for acceleration to change the disk rotation speed from

| ow- speed rotation to high speed rotation, is DW. Further, in relation to
t he processing content, the tinme during which the disk should be rotated at
hi gh speed is Tl, and the tine during which the disk may be rotated at | ow
speed is T2. Initially, a difference ~ WA in power consunption between the
case where adj ustabl e-speed rotation is carried out such that the disk is
rotated forftPHEeTd 4% enklArkhdipesamand tRenrecesféraiedaghackt hereafter,
rotated for tine T2 at the | ow speed and then accel erated, and the case
wher e 3R R LT SseeF diddaticor iS¢ deaichteiibestd megdn He thepasseditby (fornul a
1). OM = {VWBXT1+(WB-~WB) XT2+OWA+~Wb}-{WBX (T1+T2) } . . . ( formula 1)
The fiirstenttdiom-of (formula 1) shows the power consunption in the case where
accel eration and deceleration are carried out, and the second term shows

t he power cbhguhrptfohsia Pheckadéagherneof hehai yhcepébng/otaybanki s

mai nt ai ned. When this fornula is 28 devel oped, (fornula 2) is obtained.
ONa = 2PWAFRELSOARXPZ ding (tooemilha r2) emxbooiidiand] vt itheopdesent achi eve
energy saving as a device performance, it is advantageous that the disk

rot at ilowvesyideth.i s not accel erated or decelerated when ~ Wa in (formula 2)
is positive, and it is advantageous to accelerate or decelerate the disk
rotation spBegunheh Ds\V vsewefati @gpl&inihegrexpactédroitha 2)fesmation
condi ti onal expression, since ~ WB, ~ W, and ~ Wb are constants inherent
in thefdithke decoreihd,/pld a9baidc anes meegat iaveorigndt itee the duiirgg whi ch

| ow- speed rotation may be carried out is long, and therefore, it is

consi embed iaat: P froempre satdeliervantdnar decel eration during di sk
rotation is advantageous in regard to energy saving. Therefore, when the
per f or mancertgsieed by &helopenatoridiusheatengr dhngbdtaybackwoparatus is
energy saving, the judgenent criteria to be set in the judgenent criteria

i sSsuapee fultiane skeulrdd rel wie oprT afitar iFe thicsk clotraliingNpIp§BEckt i me T2
which allows ~ W to be O ir_ (forrmula 2) or time T2 whicﬁ i s obtai ned by
addi ngppaFargisn its0 ehle ghoERA nk aakd ralings O the taibe ampedakieue ¥zl ue, as
a predetermned time, and further, as for the seek speed, the | ow speed
shoul gnke pselseeted nwiehitiipnad range that does not degrade the continuity of
data. The di sk device 13 selects an opti mnum seek speed or disk rotation

speed Wi th theusperd; seh et bpansptti 22y by selfigdesi ShORa O %@@;&9 s of the

above-descri bed judgenent criteria, and changeS the speed wth
performance desired by an operator of the recording/playback

apparatus is stillness according to the third embodiment of the
present invention.

Figure 8 is a flowchart illustrating an operation of the
recording/playback apparatus in step S418 according to the third
embodiment of the present invention.

Figure 9 is a block diagram of the recording/playback
apparatus according tc a fourth embodiment of the present
invention.

Figure 10 is a view showing a capacity of a memory according

to the fourth embodiment of the present invention.



the speed switching unit 21, whereby energy saving which is desired by the
operator of the recording/playback apparatus is achi eved whil e maintaining
the continuity of continuous data such _as video data in the
recordi ng/ pl ayback apparatus. Next, aléescription will be given of criteria
of judgenent in the case where the performance desired by the operator of
the recordi ng/ pl ayback apparatus is stillness. Assum ng that the seek speed
can be changed in tw |levels by the speed switching unit 21, since seeking
operation is nore silent when the seek_ speed is |low than when it is high,
o expect edt VAVES hhehSsti FIAESESFE UbbLrBaaFLng ROWEBERHLoRES: biRgly,  as
in the case for power consunption, the | ow speed_should be selected within
a r ang€aRdm 9 BeS YRGCKd éiPade Hise 3SELHES - it hgatfi@ U Idy 1o diments
assuned that the disk rotation speed can be changed in two | evels by the
speed owithehiig semitt 12V enOR -r espect to the disk rotation speed, |ow speed
rotation and highspeed rotation do not only have the respective |evels of
noi ses, butFéﬂ@bedfgcéﬁtﬁnﬁb@@cbhéhgé%léﬁtﬁété@@oé@u@PﬁFaﬁé@él@haﬂeé
rotation and decelerated rotation, and there is a strong tendency that the
eval uatimnadf qoomaindstindisedes §eastingstied the tes ogddingBl e of human
being. Accordingly, with respect to the disk rotation speed, it is required
t hat teanatersy @lcdegdieen ttche {dddihe regtoadlimendt icdh téyed awsaddcel er at ed
rotation, i.e., each of the mninmumtine Tl for continuing the high-speed
rot at iiowearidon.30 the minimumtime T2 for continuing the | ow speed
rotation, should be set by human sensitivity, according to the

characteri sFigsref 1Bhesdaskldevhget 18] lnstrbyiggaati bpeiraticonpbeat tbral
expressions. Therefore, when the performance desired by the operator of the
r ecor diingfya laydeaeda rep pardatass dss watiidilmesisy tthee jamgeiient/ pdra werdla t o be set
in the judgenent criteria issuance unit 20 should include, as for the disk
r ot at iappapaed ddwrmdimignim tihne i fhorendantimantng ft hehiggtesspeed rot ati on
and the mninumtime T2 for continuing the | owspeed rotation which are

pr edetierwentgdmaccording to the characteristics of the disk device 13, and
further, as for the seek speed, the | ow speed should be selected within a
range that degarsot4degradplbbe aoatiawi by ef cdatrantIBaadi sk device 13

sel ects an optinmum seek speed or disk rotation speed with the speed

sel ectrebriiirdg 22 b =58 faggead=shuen on the basis of the above-nentioned
judgenent criteria, whereby stillness desired by the operator of the

recor di ng/ prayhaesk18ppar at gsowanabe fealiszedtwhyl enmepatakibAgogoRhinui ty
of continuous data such as video data in the recording/playback apparatus.

| ssuanehwintih 4 ndeemad iy iglehiira di aipgdieayudgenent criteria issuance
unit 20 of the upper control unit 9 to the disk device 13 nay be carried
out when the recordi ng/ pl ayback apparatus starts up, or when a different
performance is selected by the operator of the apparatus. As described

above,pEdr b eePrEialid ahacknanparat us 31

(Embodiment 1)

Hereinafter, a first embodiment of the present invention
will be described.

In a recording/playback apparatus according to the first
embodiment, a command 16 which is issued by an upper control unit
9 through interface units 7 and 8 to a lower control unit 5 is
not a single command as in the prior art, but a composite command

comprising a real processing command for performing processing



according to the second enbodi nent, even when there are plural perfornmances
desired by the operator of the recordi ng/playback apparatus, the judgenent
criteria issuance unit 20 of the upper control unit 9 creates judgenent
criteria including predeterm ned timesdon assunption that continuity of
data shoul d be maintai ned, and sends the judgenent criteria to the disk
devi ce 13, whereby the disk device 13 selects, on the basis of the

j udgenent criteria, an optinum seek speed or disk rotation speed with the
speed sel ection unit 22 w thout degrading continuit{ of data, and processes
a comPEtdFriom (e st LESRORGS (i e WRIIVENEALRGing 10Kd es68RNaPEed or
disk rotation speed to the selected speed with the speed switching unit 21.
As a rPésha Vieigde omedck a% i¢Esilse § UpposkE dpePgt desprd ke a disk
recordi ng/ pl ayback apparatus can be achi eved. (Enbodi ment 3) Hereinafter, a
t hi r d dEWEE dehta fidfer HdepresdnPriogesstingn cpmmange descri bed. A
recordi ng/ pl ayback apparatus according to the third enbodi ment sends, to

t he di sk de¥hétiadlva tbapesnsereohhemdoicticonpetsiding/praybacibcessi ng
command and virtual command as well as tine informati on expected relating

t 0 t harmnedsis esoning 16 (tdepddtred embodimepscwéd lcbrmdrdcirnbedval ,
expected change tine), in addition to the judgenent criteria correspondi ng
to t hevigdy frafrereceaddsi feédurng tlhe dperateorl dfs tehé redoddiangiapl aybddle
apparatus described for the second enbodi nent, and the disk 32 device 13
oper atressontd ilngy /sdlagitaiaky app agpitiusumcseekl isgedd dhedifik stoeabbdimepeed by
self decision on the basis of the expected tine information. Initially, the
const ructfiiguref It heheecand nghpltdyheaok sapgatavye accahdi pgibe ke third
enbodi ment will be described with reference to figure 4. Figure 4 is a

bl ock sticagr dam iflilouster dtd g e veec ahdi Bl apifacknappanaktuslaccandi ng to
the third enbodinent. In figure 4, the sane constitutes as those shown in
figur ele3drdptilee $geord femdadi menomdreedgi.ven the sane reference nuneral s
and description thereof will be omtted. In figure 4, nuneral 23 denotes an
expected ti DR Ebfarenlj onunsSHANTE dEhbtESra SEMEHOGL td NEoruid ol Nd s @anadi ch
is expected relating to commands to be issued after starting of real
processiing feemiryh i g geldh&lompiclsh tehe caaRpasiltee coaprardnybthtorkhe di sk
device 13. The expected tinme information conprises expected tinme TO,

expectad EyBERA dodn@lahda thie anethlals coapdnexpectad ehanrggetibor T1g; The
expected tine TOis an expected tine to be el apsed from when the conposite

conmeRfhnkf-a1S 115 Heefd e When rith 1Victiddh o eeRRe iohanges trerakedetivahg
command, i.e., the real processing period. The expected conmand interval is

an exper ed PRGNSR TG e Vidbe?f dhiiadll whitual gamimgdshwhich are
to be issued during a set period of tine fromwhen execution of the real

processidld eERNd 3 ex&lcdided. pmier skheoexeeshed i sgnMmBndnenteryakichanges
froman interval to another interval during the abdove-nentioned set tine,
the f ig¥Blarids&f MBlr as the process can be performed without changing
the virtual command to the real command, and thereafter, making
the disk device 13 standby in the state; and numeral 17 denotes a
response to the composite command 16 (real processing command and
virtual command).
Next, the operation of the recording/playback apparatus
according to the first embodiment will be described according to

a flowchart shown in figure 2. Figure 2 is a flowchart

illustrating the operation of the recording/playback apparatus



33 is a first expected command interval O Tf while the latter interval is a
second expected command interval ~ Ts, and a tine at which the interval is
expected to change is the expected change time Tc. Further, the set tine is
the predetermined tinme which is incl udfd in the judgenment criteria
described in the second enbodi nent. Wen the device perfornmance desired by
the operator of the recording/pl ayback apparatus is stillness, the set tine
is atine longer than the sumof the mnimumtine Tl for continuing the

hi gh-speed rotation and the mninumtinme T2 for continuing the | ow speed

r ot at BEFOTHHET e hevitdd e BHAEE tesi red by the operator is energy
saving, the set tine is a tine |longer than the mnimumtinme T2 for
conti nui ng FR:tiawl Epetd FHERt FOAL, HERB| RETPRFLILENEOBRPRE LESERpES unit
information will be described nore specifically with reference to figure 5.
For ex&mgife thiet uppegssomddalhamitth® messidithy sloapesdk edepreansutlfut s, from
the output unit 11, video data which are read fromthe di sk type recording
medi ugCIpatl stife dihsk mfali EE OB S sdiy ICEPIEdsc @na Hérey Vded ugdt gopiane to
recording video data supplied fromthe input unit 12 in the disk device 13
by ti reéve ddsor dlavg,ceaddthe tinmer is canceled after tinme Ttm has passed. In
this case, it is expected that a real processing command indicates data
readi ng, a Vorteahmposmaht isdeeatwsddahatwehei ngalandochesiead:egnand
witing commands are alternately and continuously issued at approxi mately
equal iisnteerocaimandlffdr amadienq pparecmitamlingd tquant i34y of adstaotfrom an
interrupt the video data. Further, when the tiner is canceled after tine

Tt m hasidpasssed, dri thec ehiesk e essamd itrgy auddonim tlhe ashat ahwr ivtiirtgradonmand,
wher eby the processing contents of the disk device 13 are reduced, and it
IS expewimhd Ha 4 memanmts wdddihey i suredictte nintitreydy gluan this ywoifc klaita

| onger than the expected conmand interval D Tf, from expected change tine
Tc at fdinchy i rkt Mdaamseedt s atharidtss uaree aof ddirgsealB processi ng
command. I n the above-nentioned specific exanple, the reason why the

i nt er lsxk afyddhercmminds redd wapar,oxitiedteliys etjifdedeniterfalns the keldauwss t he
transfer speeds of data such as video data especially are simlar in one
sequence and these data are processed at approximtely the sane tine.
Therefore, these data are considered as approximately the sane data.

Accor di ngl yrhtheaexpect ed titap $Q0bo bBeekappediwst cbmibadvibt Hal comand
is changed to the real processing command is equal to ~ Tf (TO= 0 Tf).

Fur t hefon tihaitd b GRIMEN G} Sfdtenceed niefoals e notteraiacd hrlihe setard e,
t he second expected command interval D Ts 1s set at the sane val ue as the

first eexpected compmil, ithervdle Oldonish g ©xpest adhLhange ddvRela 3d,s set
so as to have the sane value as the set tine. Next, the operation of the

r ecor g/ 4 ARPaak, AP Rt A5 aGe ofrel Nebripgy d e tduninthrRrhicgdi e e A ille e

described. Initially, a description will be given of the case where the

devi ce, parfOrBnNG e desdneshdYrd heptonRst alipit ofg t he recordi ng/ pl ayback
apparatus is energy saving. Since the effect 35 of energy saving is

obtai ned whepehhetpeelisReadvisel A9eEadcueRly thie r%@@kp§6@_@gsﬁﬁtg[0haﬂged by
the speed swtching unit 21 here. Figure 6 is a flowchart illusfrating a

seri e QfnARErAl A0S o d\e CaSEhete 1de devicg Pesf s e desired by

the operator is energy saving in the recording/playback apparatus according
Lo the thirdsepRodpienle; cINenidaeTHN" chll 1Rl (BnthE1CaREWACLE the
disk device 13 controls the actuator 4 so that the
recording/playback head 2 seeks and moves to the address A on the
disk type recording medium 1 in step S203, and checks whether a

servo is operated or not. When no servo is operated, the lower

control unit 5 returns to the operation for operating the servo;



performance desired by the operator is energy saving are as already

descri bed for the second enbodi nent, and exchange of the judgenent criteria
bet weent t he judgenent criteria issuance unit 20 and the disk device 13
shoul d be carried out when the record?hg/playback apparatus starts up (not
shown). Al though steps S204, S206, and S207 shown in figure 2 work
simlarly also in figure 6, these steps will be omtted in figure 6 to
sinplify the description. Furthernore, also in this third enbodinment, it is
assuned _that the real processing_command is a command faor readi ng data from
addr e S$HATYH SEhe tBRS R OVEBe CPBESPd HELredi GRCE, TandteRe S¢i0rt-ualifeoth®hd is a
comand for wwitin% data stored in the nenory 10 into address B on the disk
type FE888rdien§reegitemminedy aHapéfiverde 4G e pger €26 ifaom ahey addgessep
S301, the expected tine information issuance unit 23 of the upper control
unit @ expébesdipk sypectegordFnITOrAgm whedlthé ic §igdsiS® beorgnd

i ssuance unit 18 issues the conposite conmand 16 to when the virtual
comaie aidi nghepesapoont éscohmangdic dimigdda ¢eadin@eranalddornprise ¥ ng
command, i.e., the real processing command to be newy issued, and

t her edfhteerl owelre conitro23 usénd$ hesexpesttew SO TOthervhisedi sk deoeisc&ol3
together with the conposite command 16. In step S302, the | ower contro

unit Stefp ©SRE7di sk device 13 receives the conposite command 16 and the
expected tine TO. In step S303, the lower control unit 5 calculates a
processi ng Thee Tnlishietidsdriagusted 3206| thet nthat regdihe opatapiogessi ng
command at the seek speed corresponding to the device performance desired
by thdsopertat'oK" amndt htebasingrofl anditf Hererse toetsween SO, curtr et addr ess
on the disk type recording nedium 1l at which the recording/playback head 2
i s cucheniked pheithieeneticandnblee addesssuvAioh tHimesealf phecessidiggconmand,
the current disk rotation speed, and the quantity of data to be processed.
Si nce diheatxpeciedcsalsue ofiniiftedseekbspeed itdmdie whawhspeedett he processing
time Tnl is a time obtained by giving a margin to the processing tine in
the casevwiheisg i.he W spreduserk I6f saleaitthn INidep S ddiimyer
control unit 5 conpares the processing tine Tnl with a remaining tinme TO
until dpea8ndnofi st ke der0eRsS 16aResPantived bF thedsgaltHy Qeresl RGnEeTaNd,
whi ch is obtained by subtracting the elapsed tinme fromissuance of the
CONMPOgirti@ COFIMMEGNLS tof et ke oaxpecire flore tHe r\dken nidhepyaikinng tine
TO is larger than the processing tinme Tnl, the |lower control unit 5 judges
that the ikhownseeknpeedasihg Raesaligatedh RetrSe it ha )t ithd tdsnefrgdat a

i s not degraded even when the | ow seek speed is selected. Wen the

remai RING 19 R 1P dsS thimhlPert kARt RIAGesSitit it Plocd@ng 34 | over
control unit 5 judges that the high seek speed is to be sel ected. Wen the

seek spged Bhed,han awegpeed,o . step S304 is foll owed by step S306 wherein
the | ow speed seek is carried out, and, when the high-speed seek is

required, ifygeRSy! OwRERPLIRSOPYALHE] Bpéf‘ﬁt}ﬂbﬂhi_§p§ﬁgg§@egsi BeCAGT iglmOUL.
When seek is conpleted at the addreSs A on the disk type recordi ng nmedi um

1, the processigydi-oaf 8Py Je Rl RNOGRSH M0 LRATTRR.s derf 5o 88t &1
readiné? 'S cgirieg'outqﬁn é%gb S307. The subseduent stéh§¥§208 to Sfil are

| dent 16led $ie.0PaRal anscshunan JoalL 2uAnt LIaserd bed di Rodd 1 st

enbodi nent and, there er eo be omtted. Wen'it is

CheCk%rtéﬂ@{/ht & RRGESS LON, qscgowiagﬁi te0 wﬂﬁkp%{ﬁ%g%ﬂ;%%&gﬁ@n%i S

conpl ete € upper control unit in’step

proce 9 d R QL1 1C Qi §SReRAi g, £ vté]] Jddiale L@ Ta e

speci %ﬁid E%net S‘J%g%[}gé%g{t(}{&heq{&lgi dewch% Igg‘ caeyc\lﬁ ates - @
step S209. When the disk device 13 completes the data
transmission, the lower control unit 5 makes a response 17 to

notify the upper control unit 9 that the processing is completed

in step S210, and the upper control unit 9 receives this response



a processing tinme in the case where high-speed seek is carried out fromthe
current address A to the target address B, and a processing tine in the
case where | ow speed seek is carried out, on the basis of a difference

bet ween the current address A on the @fsk type recording medium 1 at which
t he recording/ pl ayback head 2 is currently positioned and the address B of
the virtual conmmand, the current disk rotation speed, and the quantity of
data to be processed, and thereafter, the disk device 13 38 calcul ates a
processing time Tn2 using the two processing tines. In contrast to the
processi Ag: t5%A° FALllt he processing tinme Tn2 may be any value larger than a
difference Tn2' between the processing tinme in the case where the

hi gh- speed Eéékpr§0@§ﬁ?ﬁeﬁpogP hAdet Aerpeoeesding EPnEREnrehé case where
the | owspeed seek is carried out. Accordingly, the above-nentioned

pr ocessiauesdimm Tmiand ard delesbtidiaded byEhg woed a4 10er tial Fhear@is® to the
obtai ned difference Tn2'. The reason is as follows. Wiile the processing
ti me Wiemora esiponds danntansl riemls qavto des dibeg dereied 1 aehd Sprigec dds wy itatme
Tn2 corresponds to the virtual command for perform ng an operation before
changiawy t 0 Imetlats ufl r o oeessd genanptdmrsfer ;o mvamparibimg flor wheanpl e,
the | owspeed seek is carried out fromthe current address A to the target
addr essi B wfl tdwenmdnrd,uath icdmmiend,ndlhelecbnitn et woofooddtta icomenddddgr aded
when the high-speed seek is carried out to the target address B from when
t he expeniiedd e tHe Hasvgrassed;rals Urang Jasin hhedidifsdr eleoe cEN2'3 time i s
included in the expected tinme TO. The reason is as follows. Wen the

remai nitep tsa02 THAd iis liatgertddar the diiffftersdneeniia?ld rtdreptimm tumirteach
the target address B is shorter in the case where the | ow speed address B
is carrg,edviout whirdiyr tde getmihighe spaadwierk stedhe2iar get seddr.ess B
remaining time TO becones zero and the to the real processi'ng comrand,
than in speed seekpesigaclied eukpt 821be taegetirseek temhhadt aegeptpbii ng
time TO, and the 1s carried out when the virtual conmand changes the case

wher e (e hi ghiaddies g fsiafderiddiel T eadnt r3% pirec esshing cxommsyd Hrert Wd i ng
the data in the address B is issued first after the processing of the

above-yen i ones/ g ealb AP oassd N0 samBnthdaowlad ey ddhe-dRasonmese i bed
above, the processing tine Tn2 and the remaining time TO are conpared in

step SB08, Ak Wb ddithd el GL L idechd Wi drd08ihd hadvddig $rocessi ng
time Tn2, the operation goes to step S311 wherein the recording/pl ayback

head ig,dmyvadh %é@%r?%_?ﬁ%o SEEK. Wiedh the s&erpd Nidhodd iR P 418e small er

than the processing tine the operation goes to step S310 wherein the

head ig pyeds Wddy-dv oi-Spesd; S@%rﬁge@{j {theyaek d & ddye Hdr egsy B on the

di sk type recording nedium1 is conpleted, the virtual command changes to

t he r%%aﬁ&%ggfshpgjg%mgygﬁép step S312, and the disk device waits for a

comand to ssued fromthe upper control unit 9. Therefore, when the
devi ce perfanmapeendesi ned Ry LRGWAPEHAEIGURE bheyherotdinghBkayxback

apparatus is energy saving, the processing tinmes Tnl and Tn2, the renaining

time %nt%&hﬁf‘&ﬁaﬁ D@l dedh {Lom § he, CUMQR] { ¢ saEmnd 16, the

j udgenent ¢ eria, and fhe expected tine TO, ereby an opti'mim seek speed
be <ol 8 ot eh BRGSO ST TR B B e
such a?eggfﬁéﬁxgﬁfkhe memory 10 through the interface units 7 and 8,
and writes the data in the address B onto which the
recording/playback head 2 has previously been moved in step S5212.
As described above, according to the first embodiment, the

command to be transmitted through the interfaces 7 and 8 to the

lower control unit 5 by the upper control unit 9 is changed from



Next, a description will be given of the case where the device performance
desired by the operator is stillness. Since the effect of stillness is
obt ai néd when the disk rotation speed 40 is the | ow speed rotation, the
seek speed or disk rotation speed is 8ﬁanged by the speed switching unit

21. Figure 7 is a flowhart illustrating a series of operations in the case
where the device performance desired by the operator is stillness, in the
recordi ng/ pl ayback apparatus according to the third enbodi ment, and figure

8 is a flowhart illustrating the operation in step S418 of fiqure 7.in
mor e et LWSAPIAE briehdq GRS 7 CHMATR TS SO IO, T
expected tine information issyance unit. 23 of the upper control unit 9
Er A RAOS AT A SETTE, (3R F.6 Thi iels BB o Ebrhn P HIRE RS 0 T

t he second expected command interval ~ Ts, and the expected change tinme Tc
as nentidifedath R, theo geatar lnidarmane d&rﬁsﬁﬁ%mrléheto the disk
device 13. Then, in_step S402, the lower control unit 5 of the disk device
13 r edogss M ind catgs $30Fhe Headr REQeEsT I MOMRARMvhI cH %S ¥ fri r ed
for seeking and processing is calculated by the same processing as

descr ivhan fidre Stigp 830 maridyhangiesiitchdie egeec GRS Y MEEGEH r ed
for switching the disk rotation speed. The processing tine Tnl is a tine
obt ai reldcHpudiviing Hhammgior o tvhehs desssidg 4/ yrdhdaggs e vitfere t he

| ow- speed seek is selected, because the expected value of the seek speed in
t he casmightferand o vhebifrmn déve @ ipdy faot s Wherstd Inavesnmang |igw speed.
In step S403, it is judged whether the current disk rotation speed (DVB) is
hi gh- sipestkbd airat,i dhurternr tate ttheaprmt ismryoehaak sitsere<atdragenn he
DMS is the high-speed rotation, and 41 goes to step S404 when the DMB is
t he | aveispeieid stoteatbaimdder eitedf trargees dlesrraqriampordindecd riltd al |y gi ven
to the case where the current disk rotation speed (DM5S) is the | ow speed.
Wien idommandidgetd ban sdefo rSHB witdt the ahoverdestisibed processing time

being omitted, whereby the time for executing the processing to
the command from the upper control unit 9 can be reduced. This
reduction in the processing time is advantageous in maintaining
the continuity of the continuous data such as video data to be
handled, and results in that the recording/playback apparatus can
safely continue the processing.

(Embodiment 2)

Hereinafter, a second embodiment of the present invention
will be described.

In a recording/playback apparatus according to the second
embodiment, a selectable seek speed or disk rotation speed is not
uniquely selected for the device performance desired by the
operator of the recording/playback apparatus, the upper control
unit 9 determines a judgement criteria for the device performance

desired by the operator on the precondition that the continuity



rotation speed is the | ow speed, it is checked in step S404 whether a tine
enough to nmaintain the continuity of data will be left or not when the disk
rotati on speed is accelerated fromthe | ow speed rotation to the high-speed
rotation. That is, the first expect ed?éommand interval 0 Tf is conpar ed
with the sumof the tine ~ Ta required for accelerating the disk rotation
speed fromthe | ow speed rotation to the high-speed rotation and the
processing time Tnl required for perform ng the processing at the high
rotation speed after_ the disk rotation speed has changed into the

hi gh- Sfe&P¥diraiqishn. datp Suds e ofviger dafardernsured 41 dd§ed t hat the
continuity of data can be maintai ned when the disk rotation speed is

swi t ¢ HeaFarstinee i giape aPiastadtison ad ithe He X idedtl céx gelc Ped Te&HFand
interval O Tf, and the device goes to step S405. In a case of 0 Tf< D
Ta+Tnipragesdsididies asrmnding dentd Memmanst e then ieP ae ceaiticdi Hed teven
when the disk rotation speed is switched to the high-speed rotation during
t he fi% sthidepedtardyicomtdral saglersrded oFf dismkd ntetdon cpegoestt dte Pcess
1 in step $S419. The case where the device goes to the process 1 in step
S419 idedideindr dssdd drhelmaspidgesrantt e idhapdet.ed speed change tinme Tc, at
whi ch the continuity of data may be degraded unless the disk rotation speed
is switchedriesthef ad2,hipgh- spasdrnotabhonf approachedingrplhgbpcbcess 1,
this approach is informed to the upper control unit 9, and the upper

cont r alppandtis perdardimngrioc edss e daord setdddignentte weXije teedidsiara bEQ agai n
before Tc-(D Ta+a) becones zero, thereby providing a sufficient expected
tine TQuhimdfatdrovs tsonifiichirg of thieguts k3 rint ad iblocpekichgfamt her, in a
case of ~ Tf> D Ta+Tnl in step S404 and when the operation goes to step
S405, dinldstyardiges the sieato rofithy dledheiclorapreirdths secondiexpeaet etheconmand
interval O Ts is a short command interval at which the disk rotation speed
nmust haddrey gdbsipeadck . That is, it is judged whether or not the second
expected command interval is larger than a predetermned tinme Tw which does
not degraderhheigorbi BYI hunekadaba tenbeecBr acgaggdmerencwheartihe di sk
rotation speed is the | ow speed during the second expected conmand i nterval
~ Ts. Mhamddhe seconsh expacd eth & armndidfdriMal cri thiisS 4o gersddan the 0
Tw, the operation goes to step S406 because there is no necessity of

changidjgeddes di skyf Ot atd o sheeshddPmdnedgmEieetd addeidiigh speed, and

the remaining time Tc' is updated by extending it up to a break point of

the seconghaxpecd esb coramns, i tteryd r 2 ohs .o FWHd&lectemd 8

expected conmand interval ~ Ts is smaller than ~ Tw, since there is a

necessidy, of rehangh g $hei . siad atatd on speedd omdiheidpwspeed to the
hi gh speed, the operation goes to step S407 whil e mai ntai ning the renaining

time ' i i fadd : 1 iRy T In step
S407,-Eﬁ%m%fs£{'nué ge%erp&%%g Fisped® dhddaapaeietah ML B D SLrh

rotati t i t r iy o td "‘up to
t he exﬁgg%?ggﬁg%é;%gesl?%gr@%%%%%%tn%g%eh%% htg{gtligrrklesrh\%r]idcf;}recih-s@obt gi ned
by adﬁﬁ@g&né%%ﬁ@efpa;%&' & r?ﬂ%ér‘?&éﬂa ageel erafi @ i et dthe

remaimng tinme Tc' 1s snaller than that tinme, t operation goes 1o step

Che opgr oty Gh SOt Tooofer TE Bevhute bt Lok ng O The 0 ki orat i on

v peta PRt o SR e Sfed et B R o R e G R TR spoe

i nt S o Sent WA Thet B0 SR b 0% on 2 peatt T oty BTl 20 e

G ok ot b apehde e RET e b i T AT bt B ng

after the high-speed raqt.atiaqn s heen .achieved,is_conpared w.th the
remai ni ng tzl\%éthOeC?\ﬁniccrﬁ%legléau orraétuéiglﬁgor% tsﬁgkefﬁée@tgg t iarrgl‘fé with the

assage of . time. Wien the remaining ti TO is larger than the, su it is
D gt e At L PReSRERT | Ahi E5° of S AT AU RAME BRVR BToTRN 1R M e aT H P t he
operatj on noves to st $4009. | n the remaining tine TO,is snaller than
oher SRR, PBgRa SRR T e | ot SR A R LT bl i aRtE  and
the operation noves to step S421. A process 3 in step 5421 is not described
in nore detail, because the remaining tinme TO should not be normally

smal | er



44 than the sumin step S409 after steps S407 and S408. This process 3 is a
special process in a case where it is in the above-described state, and
nmore specifically, this process 3 is a reprocess for returning to this
process upon setting a sufficient expéfted tinme TO next. In step S407, the
margin a is nmade to have a tenporal margin for performng this reprocess.
In step S409, when the disk rotation speed is accel erated, and, after
conpleting this, the disk rotation speed has changed to the high-speed
rotation, this operation goes to step 5418, and the seeking process is

per f ofEdIing thiagh- e e hisrmansie oRf i esbdr ngpranasedan oft éhes418 i s
expressed together with a series of processing, and this processing will be
descr insexp ngitte dfaakatde aRPaLagice 18 aNIIPY efastiditbe ans! fihgir e 8,18
initially, in step S304, it is judged whether or not the remaining time TO
whi ch stst ldmesisned by bt r%ﬁ&C?!ré diment eghit ridie faRo TR veEsE®9F om st ep
S401 to step S418 fromthe expected tinme TOis larger than the tinme Tnl

cal culsptestl isvist@p r8B08 igf Xl,guhe Beakharadte qasndianidhgndate ITOtWos | ar ger
than the tinme Tnl, the | owspeed seek is carried out in step S306. Wen the
r emai Nievelts ,me' HEQh ispexrHl laevd t"Haw tdpeedad've aid | thehed ihilghrodpddcdrs ewledds
carried out in step S305. Reading which is indicated by the real processing
comuaruhn eperfarged im el S20%, ddtew-aapedd agratticed' tand Héigiper

control unit 9 in step S208, and a response that data transmi ssion is

conpl efperkd sratmdeidnl' step 5210. Further, the disk device 13 proceeds to the
45 operation corresponding to the virtual conmand. In step S308, the
processi ng thieidn2yi sacadksulrapedohywtibé benpliaenpbdcessgasehn stépeB8388 of
figure 6. In step S309, either the high-speed seek or the | ow speed seek is
sel ectied e companiiyrd hpramessd et fommakigk tdedied empittia e e okO |,
and the selected seek is executed in steps S310 and S311. Thereafter, in
step 5FlZndhpy dBkidevice 13 waits for a command to be issued fromthe
upper control unit 9. The above-descri bed series of processes fromstep
S304 to stepnSBh apecHet@titedihg agia seekifngnpr eeessdshepPpd4iBaer t he
whol e. Each step is identical to each step described in figure 6, and

t her ef s rfalif | Lhaesold Mdon ddwiedamivd @%rgﬁd tiad.tieXtevel s,
description will be given of the case where the disk rotation speed (DVb)

i s highespead (d)addidERmt0%nd Hdts Easfimg tioPrOe asigHmRsed rmist ep
S403 to step S410, and a tinme limt of switching is checked, i.e., the

m ni mum highapeed il gadm CUH P b T IR TThaspdescddded 4 iyt hergecond
enbodi ment is conpared to an integrated value Th of the continuing tine

af ter Jdieedi &l S@IALH QD whepsd Nae- fecaresddghspead ¢ ity Oha Wan tHurd S

| arger than the predetermned tinme T1, the high-speed rotation has been
kept QO oddiandgmsedst 8 iedh { iiBs Jde g Kkt N Ef Oifard A OPefAti ON
goes to step S411. When Th is smaller than the predetermned tine T1, the
cont i UG- EddTByd 5, ShOF 8o A 116 &f N AU 1 gl speed I of gt i ghe&pnt i nui ng
time T1, and therefore, the operation goes to step 46 S418 wherein

seeKki i S td ' t i 9f1s r ' f

ot ear s AT e ot o e e A e PhY b aratTon i's ot

necessal o pp%z’grf e ifoviz—néf?@é@t§geﬁ Qv ihgs sare, Yalue,R8cH liod He d N /G Al ON

may be sto
the continuity of data.
Further, in the speed switching unit 21, the disk rotation
speed is also changeable in twc levels, and the power consumption
is certainly lower at low-speed rotation than at high-speed

rotation and, therefore, an expected value of disk rotation speed

in this case is also low-speed rotation. However, with respect



When it is judged that the high-speed rotation is kept |onger than the
predetermned tine Tl in step S410, the first expected command interval D
Tf is conpared with the predeterm ned tine ~ Tw whi ch does not degrade the
continuity of data to be processed evéA when the disk rotation speed is the
| ow- speed rotation during the first expected command interval 0 Tf. Wen
the first expected command interval ~ Tf is larger than the tine ~ Tw, it
is judged that the continuity of data is not degraded even in a case of the
| ow- speed rotation, and the operation goes to step S412. \Wen the first
expectéd CEmeER iTatetian Gred s Sn@iPGCRHAT & PRSI cCondinY 5% §hfdged
that the continuity of data is degraded in a case of the |ow speed

r ot at iR teadd e ROGESFOEY 558t P B8 MR8 -n t he seeki ng process
is continued with the high-speed rotation kept. In step S412, ~ Tmis a

| arger val uBhpbt heenwhfie gphe toTherbapdied pb6p gerELBRAYFngaEReSHFBkaS
rotation speed fromthe | owspeed rotation to the high-speed rotation and

t he t ivhislace disitee i rt e csindreanti i e ddissk NP tist iler ISp&ay e t he

hi gh-speed rotation to the | owspeed rotation, and it is checked whether or
not bdtandifinge delcersstdummcarsd odc ceindrigtions cfatiehetditdie semst itomespdedr at t he
first expected conmand interval O Tf are possible. 47 That is, when the
sum ofextdmp lIreax iwhen tdmree s dhmanraeq Wil edrftdmussese|dertat iion takerddosirertdtd on and
the tinme Tnl required for the subsequent processes is smaller than the
first ieypected tdimand iwtidgrbead di The tdies kadgmdee madoom iamyd nobstiginerlat | on of
the disk rotation is tenporally possible for maintaining the continuity of
dat a, vand « Héree dthdremnonaddoe lefSs sopasisidnius tdattsherseafeadh fidven dpprosditssk
case. In step S412, when it is judged that the accel eration and

decel eryald arecafrdihey dieski unotlatarmeh apged wrde frassithee outpaitopariat ildn tgoes to
step S413. Wen it is judged that it is inpossible, the operation goes to a
processe Xridwest e HAR0Umaks GeSSE ZHd) SIRirtAL0rd1ueprodvitded disia process
whi ch enables switching to the | ow speed rotation even when the tinme for
decel efatd t0brorseae! e atlicw Peddra s orot,atien Ispeedilsk nattauifdd ciently
obt ai ned fromthe command interval issued by the upper control unit 9, as

| ong aspdde riigh: nequinged ff WaceRhar alHoom igh ARG efald bt apbdri genes at ed
in arange in which the upper control unit 9 can performa control during

when tihe digder Alald owisditathd sdiedtowspaetdRtiald o dnyitiheducH st ep
S413 where it is judged that the accel eration and decel eration of the disk

rot at ixqh SNeRf HeE fAsdiie dim Eiteh I eddmd 1%, Chetdedniietdigsr or not the
second expected command interval Ols can maintain the continuity of data
sim | addpased her fddied expacted command didiervale Retorevely Whandrhe dat a
rotation speed is decelerated. That is, it is 48 judged whet her the
second, eXRAetA CmBdh e HAlp Thilts 18r gale thait itrhe Hf estetgidd ned tine
~ Tw which does not degrade the continuity of data to be processed even
when theqdi siod atatighs speeddeh thited ausRead nolaid h ity mhed he
second expected command interval D Ts is larger than D Tw, the operation
goes 10 Sfefhedtd 4o Sl tad StOle NRCASSAIVA T Y tiahs tdfeddi Sk rotation
speed to the high-speed rotation also after an end of the first expected
command int eyl nz by, t Be JeeRBE BAgNt LB 1TEe WALLL bRe grRgelgdaghange
time Tc is updated so as to extend it up to a break point of the second

TS, TR T o Srrec o o e Vel TS TEA T SR © Twe
ot at 1 e e ol I T T R B O P DRI (e
U PEERedd BT At Eh R T RO e O e e e PERTRG i e T

| ow SPECEE O B TR A aHhOL DL T bt T oA pr it o N 198 St eby
(he degsletst{onl A BgRal ey JTher 4o qBerali B0, 908%, 15, S, and
ot at 1 65 RORTTRIHD TPRE 1) TR 100 SR PO ctin B oM For
:Egnp{ﬁgeternined time or nore, whereby the deceleration is possible, and



49 operation goes to step 5416. This step S416 is simlar as in a case
described in step 5408, and these steps have only a difference between
accel eration and decel eration. Therefore, the remaining time TO of the
expected tinme is conpared with the suffof the tine ~ Td required for
decelerating the disk rotation speed and the tinme Tnl required for the
subsequent process which is perforned with the | ow speed rotation. Wen the
remaining time TO is larger than the sum it is possible to decelerate the
di sk rotation speed and, therefore, the operation gges to step S417. \Wen
the r &Pdied FeNSUWPtION persp@ilitet ilgan Whishs &g reaUigedmbessipraspged

decel erate the disk rotation speed and, therefore, the operation goes to
step $gatilomn,a igr 6GesAWa.i nFeirspes422, difigesahfecianpowspectedbeine TO i s
mai ntained simlarly as in the process 3 in the step S421, and this process
4 i s &anspimsces dHsh paruaddig itealley ascidreesesi pearpretessi a§. PEGPCher
in step S417, the disk rotation speed is decel erated, and the operation
goes tspesiderodalts omhed thie dpeed 1w rieatidmect Horl drcspesationatPon. The
seeking process in the subsequent step S418 is as descri bed above with

r ef er eeergeo tfhiegulies k8, rodrad: itchre ispfeecde f rdws briigpt-isprethepsef innl tobéowmi tt ed.
Therefore, when the device performance desired by the operator of the

r ecor dipag/plytaclorgpaar aAwg, i anslt bl Hh€ssrepeecesspogespeed baf ormati on of

t he di sk device 13 such as the processing tinmes Tnl and Tn2 are obtai ned
from tdom saorgel s ivhel abo rarven ch dii, t itohe jlyd gergeritrect iatsecioapatkee for st andhsecond
expect ed ~0 command intervals ~ Tf and ~ Ts, the expected change tine Tc,
and t pexxpecited itdmevithirandhearn iapt irumiseek fopeadcel ediask onotat i on speed
for the device perfornmance desired by the operator can be selected while
mai nt ahEng the crdld matat ioh epridddfaus date speeld asteitdea dat &ighs

descri bed above, in the recording/pl ayback apparatus according to the third
enbodigpdy AN URREr GONAKBI, UnidrtPesends: e a&96ROSHt @ heopraRdsieng
conprising the real processing coommand and the virtual command, as well as
the expepiat itk tnd udfidstvant seeord sexpeeiad eemramd tiedt atvaligh~Tf
and ~ Ts, and the expected change tine Tc which are the expected tine

i nformgydd.id ott,heyfl sdhdavinee dhdinthivhidirskndewiek ekl eoratepekat i ons
corresponding to the real processing command and the virtual command by

sel ectidig dheseek wpeed or the disk rotation speed by self decision based
on these information and the judgenent criteria corresponding to the device
per f or mance I by _t r d i i |padi nent .
Ther ef or e, égﬁghégggésgiﬁgf?ggégggiég@%uﬁég%&ggfé%g?%gﬁﬁiggpg%%|nun1seek
speed 9fe diSde rniatd Quapaed farsdhes depaa Rerifommiee desit! ehdby thhe
operator without inpairing the continuity of data. Further, in this third

embodidRnty; el ths Aed o ParihQs Manca: desd TadMdLHe eRRr athelh S ener gy
saving, an operation in which the disk rotation spéed is not sw tched was

descr iRt 1l AdL SR TRIEN A% M ddk T gUTR e MNTASE. IhtAROY @G 1RGA Pl ar
processing as 1n figure 7 should be perfornmed when the
and then accelerated, and the case where the high-speed rotation
is maintained, can be expressed by (formula 1).
AWa = {W3XT1l+(W3-AW3) XT2+AW4+AW5}-{W3X (T1+T2)}
... (formula 1)
The first term of (formula 1) shows the power consumption in
the case where acceleration and deceleration are carried out, and

the second term shows the power consumption in the case where the

high-speed rotation is maintained. When this formula is



51 disk rotation speed is also switched. (Enbodinent 4) Hereinafter, a
fourth enbodi nent according to the present invention will be described. In
this fourth enbodi nent, data processigg is perfornmed by using a nmenory 10
installed in the disk device 13, the pected tinme information as descri bed
in the third enbodi nent (first and second expected conmand intervals ~ Tf,
0 Ts, expected tine TO, expected change tinme Tc) is nore specifically
expl ai ned on the basis of the processing speed in the data processing
within the nenory 10, and _further, a response-to-virtual -conmand obtai ni ng
uni t ﬁ@WeiQEéﬁviﬁ§°§ §p8ﬁsést8kﬁﬁénﬁpocess i ndi cated by the virtua
command is installed in the upper control unit 9 of the recordi ng/pl ayback
apparatus. The menory 10 462 TedgbthAWSY AW Ry data is -rrdifmr%ua@eé)i n the
followi ng three cases so that the upper control unit 9 processes continuous
data such S&CeRERbUEYa. 1Thatdes, P hechlieBRe3NaF8Y a32Y H1Y otk : 2 a0R%5Ee wher e
it is used for data process, a case where data read fromthe disk type

r ecor BEAGORBENGRY 1 1&r d St efyeR&adepUst dhad Last & sthar teké cspsegedhés dat a
are outputted froman output unit 11 at approxi mately constant speed, the
dat a apé bakedefretmdt e Wewele radecdh whecordédacéenwi(fhrnhéaodt pus speed from
the output unit to be outputted, and the output data is deleted fromt=he
menor Posdtizrd ancasé \isecdvaatta geaken tor mced sngdgt odnidecelegege the
tenporarily stored, the data are sent to the 52 disk device 13 in

det er diiséd rofiattd cor sipeedmuihteinpl £Wanitsnegadivhe sénirttetra ane (feconded on
the disk type recording nmedium1l. The case where the nenory 10 is used only
i n one)ofast he cabaMe-idesdr idked cases, &igce aAUWase MWer eand AWIUSEt when t he
recordi ng/ pl ayback apparatus perforns one sequence of operations of

t enpokahistyndtsoninhg ridhe dat ahlealdens K rdawiitdee 1i3npul WenbkcdR@eknntbheatiresory 10,
sending the data to the disk device 13 in determned units or its multiple
uni t swhand trieeoM® nigrtime swritchddtoav-apdene rhitsik itoppamarve ber diamg imeldiowtn 1, 1S
not suitable for describing an opti num operation of the recording/pl ayback
appar disusontherelotdere foass vheries tduesienreyl Hhats pesedrodieny rel ati vel y
frequent data processing is necessary, e.g., a case where it is used when

t he r ecerdierg/tploay kac keaapparaitismperddmg diwk sequarncas ief aojvendtkigensisof
readi ng data on the disk type recording nedium 1l of the disk device 13 and
out putiti R@glaltel readndais, tdarawgh the output unit 11 to reproduce an inage,
as well as witing video data taken fromthe input unit 12 in the disk type
recordi ng nedéd8tonk| | whenr eMeepedrobnahbe aesordingyptBybaskrapparatus

whi ch perfornms two sequences of operations, i.e., reproducing the
above-thentieened intHga BMAN Idigid dthes daf @ndrdihesamaigymthe tRigenRer
control unit 9 repeats processes of storing the data once read fromthe

di sk tnecracornd me R um ke iRy dtiaak davites-ib3 ligdhrrdee uramory 10,
tenporal ly continuously consum ng the data fromthis nenory 10 by a

requi rsedaquantidiogshi | star ivhe datsx e iorPIpeed, time T2 which

allows AWa to be 0 in (formula 2) or time T2 which is obtained

by adding a margin to the former T2 and allows AWa to be a

negative value, as a predetermined time, and further, as for the
seek speed, the low speed should be selected within a range that
does not degrade the continuity of data. The disk device 13
selects an optimum seek speed or disk rotation speed with the
speed selection unit 22 by self-decision on the basis of the

above-described judgement criteria, and changes the speed with



inputted tenporally continuously in the menory 10, transmtting this data
to the disk device 13 at the point of tinme when the data has been stored to
a'certdin quantity, and witing the data in the disk type recordi ng nedi um
1. Here, with reference to figure 10, 28 case where two sequences of data
are processed in the menory 10 wll be described. Figure 10 is a di agram
imtatively illustrating a capacity of the nenory 10. In figure 10, a
capacity which can be used for tenporary storage excluding a quantity
required for a process, of the image of the nmenory 10 is M, a storage data
quant i 182 foresdeRyel tEpret it ort L iiRaT SftiarialPha bdeh tidited St t he
present stage and has tinme-serially been decreased, is M), a storage data
quant i 955 ¥e7d rlBe oreR mperAfith Hudrte tseddingrivhaiack rerBied S o be
witten in the disk device 13 and has tine-serially been increased, is My,
and a F¢eeepathihe i IgH SHgsli bt e dipnisieliity M. agmthinedpedatan sk
continuous data such as video data, the recording/playback speed is usually
expr essedviiea dapacin yhehirgrdligge® lpabami tapnamatyecordingly, it is
considered that the storage data quantity Mo for image reproduction is
consuned byNegtper Hescripthbendeéléabedgiziad pPhecstiorage ¢4t dudgementMwv for
recording is increased by ~ Mv per hour. Wien D Mvis larger than O My, the
free capatie ycadde ivvhaer rides azb niiddmarigre . defhigrasf dre, thad tdmrghtat afs the
necessary to set the free capacity M 54 in accordance with a difference
bet weered¢dieiindvrla yhack ssggssuatets ficr sdoinicirsgsson. that D Mp and ~ Mwv are
equal to each other and further a sufficient quantity for the difference is
set as Mb. BRustihéng ithatstheceesar gpkednote bhechaehbew ng two pewvels bg

mai ntain the continuity of continuous data. That is, the first point is

t hat deia shwed dsvhietately ureiad XIr,0m irtee Bedkirkpeogeacaribmo sredbnam 1 of t he
di sk device 13 by the tine when the storage data quantity M for inmage

repr odsicl én wiser osHe sauk tdsred hies riead wadm wihaul ik bies suippl | esh because
the continuity of inage reproduction is degraded when the data for inmge
repr odarghéOfed Nvd Nee maENH Vst irfedDSits ddei is@Coingd Paidit dseddat the free
capacity Mo of the nmenory 10 which stores data to be witten in the disk
devi ceadSosdind Oy beapriay emteddgomdreigigvd 10don hegaiiseh t hen€ ordvw e of
continuous data to be recorded in the disk type recording nedium1l is

degr adgb wnd ass St @€ Wiec st rL£d-driyd Rgh i de sl God RHad @O tide
above-described two points, it is adopted as a safe setting in the

conti nebAtyiohi€atdr tddta @ control is performed so as to wite data in the
di sk type recording nedium1l as fast as possible in a state where the
storage dat auguaRtdt Y tMdsf asspBeethaRr educhiar kstasibar ggeast passhil e and
the storage data quantity Mv for recording is as snmall as possible when a
recor diien g tin Std | 18fb1d o Nirke Aseaq hvev@lin$iiee: & seekypgnoperation
must be perforned for each snmall unit to be recorded, the nunber of seeking

oper al} 045 SeCOPE Ik oD shded s RUPRASEL: Lhala Litey Ut AL -

accesses fromthe upper control unit 9 to I sk device 13 1s decreased

?ﬁew%@éd PASEAPI Sn A& et A orHR dal & REOGRS ST itk 1PN IR {&d Ni ng

but also discontinuous changes of noise occur at accelerated
rotation and decelerated rotation, and there is a strong tendency
that the evaluation of total stillness is entrusted to the
auditory sense of human being. Accordingly, with respect to the
disk rotation speed, it is required that the interval between the
accelerated rotation and the decelerated rotation, i.e., each of

the minimum time Tl for continuing the high-speed rotation and



continuity, operations of witing the storage data quantity Mw for
recording on the nenory 10 in the disk device 13 before the storage data
guantity M for image reproduction is |lost fromthe nmenory 10, so as to
provide the free capacity M on the nméflory 10, and further obtaining data
of Mp fromthe disk device 13 to store the data in the nenory 10 are
required. Initially, it is assuned that two commands of witing and readi ng
are successively perforned and the data of the storage data quantity M for
i mge reproduction are maxinmally stored in the nmenory 10. Atine Tp until

t he stidyeageirdatum dquame ity gy e tidddmrg ddie d avosiessl fréatdsdry stould v/ o
Mp, and, in order to wite data during the tine Tp and further read the

dat a, kehesali fy Tpurarsts ayes 1 targdry t e s rsurhcofthe chee aPke rieddicee @ If or
the seeking operation for the witten address, a tinme Twt during which data
t o be thrd tdierk alavitqearis,emycdd By cmartid tedriviey coopud aithengils lex@pagised on3,- a
time Tww during which the data are witten in the disk type recordin
medi um 1, fUhehefprea, sebknt the pegfbgmaaceedaséﬁadebs,thetcm@rat®rdg%ing
which the data are read fromthe disk type recording nedium1, and a tine
Trt duriengawt i rtdves ldatks v edpaarssfusy ried sto itlhne ssendihye  JOdgdowwenrer , even
when the seek reaches a track which is in a radial position of the disk

56 typeirteadraditng beediatimih tthepoRidgemrerdn anieepdra plsempnafe antidr g& addr ess
is not known. Therefore, a tine Tmrequired for one rotation is anticipated
as thishcgudtatirgialdelelay . fohuthe (diwknbctad)idrs spleteai, netheasnifduonwsimep >
(Tws+Twt +Tww+Tmt a) +( Trs+Trr+Trt+Tm+ y) ... (forrmula 3) wherein a and y are
mar gi it ife|s dohta roasey Wet eritdre- ssefand deidteidbr arke thremdtdchuar tilve ITike.
Further, in (formula 3), a right side is T(t), atime required for witing
of a fidistcdrerifndihpaitentiteseddsd W tigtidandb di v g eauwidead ridheadeadi ng of
a second termin parentheses is Tr(t). That is, the disk device 13 is

oper abl @i dhd @ trangghd oo s dies (Foraad alidk hvdsenithound npai ring

t he conti nuous data. However, when the device 13 is attenpted to operate as
it is,fia-anky dhatoarenanddal pdadi | ntHdhe df agadd@ soarle Jeaargarearaldies
than the other terns, thereby causing a shortcomng that, in order to

successi mely Perdiprdn s seeks M aied M de SULLRSTIMOORES 3l AR dTUStTIRd art

while a remaining quantity of Mp is still large, and a shortcom ng that,

since ywdt idg, and 1eading-&f & sugsessiny o se weifardres ditsid SdHidthigul t both
to operate beforehand in accordance with the virtual command and to sel ect

the opgfald ofi SPagt Wadid ddieeSlod iumt S0 By dSLSURRASAG haf tMd ting
and readi ng are unsuccessively perfornmed at approximately equal intervals.
basis of the above-mentioned judgement criteria, whereby
stillness desired by the operator of the recording/playback
apparatus can be realized while maintaining continuity of
continuous data such as video data in the recording/playback
apparatus.

Issuance of the judgement criteria from the judgement
criteria issuance unit 20 of the upper control unit 9 to the disk
device 13 may be carried out when the recording/playback
apparatus starts up, or when a different performance is selected

by the operator of the apparatus.

As described above, in the recording/playback apparatus



In figure 10, X1 and X2 are ratios when the capacity Mis 1, and this
capacity Mis a capacity which can be used by Mo and Mv 57 in the nenory
10. Fidure 10(a) illustrates a state where Mvis stored by X1 and M is
stored by (1-X1), anong the capacity Rof the menory 10. At this point of
time, it is assuned that Mvis witten in the disk device 13. In the
capacity of the nenory 10 at the point of tinme when witing is conpleted,
as shown in figure 10(b), data Mv taken fromthe input unit 12 is 0. Next,
figure 10(c) illustrates the state after sone tine has passed. Wiile Mvis
i nput BEFFBRL € iThHsus amand £RPOSIMeRt /MFvied! | & G52 Bt t he
menory 10 wth passage of tinme, M is sent to the output unit 11 to

r epr oPSEE FRRRC S0 dasatr avh DM (Hien opsE Ak f 1S & eFeECdas P Lty EERX1- X2) .
Thus, Mo is read fromthe disk device 13 at this point of tinme to be stored
i n t herparstys and o iJpdderemtd chllbayder dsesianse stndite A0medditirceWpPREM er M
has been stored in the nenory 10. That is, a time Twmfromwhen Mvis

wri tt @entralheirndits i@ dedade sl 3 udgepeat r lite rigad Nl vglimgmd raga e mifiesh t he
state shifts |like figure 10(b)~figure 10(c)~figure 10§2%, resulting in
TwnrMZnesMen A& ssume then ftherh wiesrt i iity cdfadiafteom sk mgditee NEslt o
when Mvis witten is a tinme during which the state shifts like figure 10
(d) -fangursent® (e fliuggemeld (dy)iteniesdiat ithg idi SkmgeMde X3),/ whdwebt i s
assuned that commands of reading and witing are issued at the equal

i nt er e hkirskx deaside iy sel ebirmss Trom, tthee ety solutfaitieng =2t Mp in figure
10(c) is equal to ( 1-X1-X2 ) M(M=( 1-X2-X2 ) M , and the
above-cddaseiriiked sequattioun S Sddad ed fdirsi hics agquat ispreed esiudH ithg i n
Mp=(1-3 58 X2)M Since reading of Mp fromthe disk device 13 to the
menor s pkEdnssdl daes iear lurgt tazan iakicutt tdeng ddiingy Modftriemitthe odutdaitta, urird 11
and | osing the sane on the nenory 10, a tinme Tr(t) required for reading
must he-aeisdger andidd dofthl Upedrl-dmto IMurifz. Hertd, 14 aHesvsipeci i c,
when X1 is equal to 0.5 (X1=0.5), X2 is equal to 0.25 (X2=0.25), and a
capacithe Hedihespgayror Hidis Mtadalch apead itdd ahd diketddslepiad ed th3 at
the point of time of 0.5M and the read data are stored up to 0. 75M at the
poi nt tofe tdgmRN e dEnBiif 7Y quard 4 yreduliat acHeask f fomdrhesd nput uni t
12 is up to 0.25M Here, a calculation is sinplified imtatively w thout
consi Gaid NG AR topddemiat igm tiee A A diiny glemiatdiondpaidiad idm TwW(t)
required for witing and a tinme deviation in the time Tr(t) required for
readi ng: e dgason is as follows. The approxi mately equal conmand
intervals allow the device to operate upon expecting the difference. In
addi ti @hnpddiednary sufficient command intervals, and also an advance
operation corresponding to the virtual command is perforned, whereby it is
supposed t hgt rERLEFRS (| 3a2RdiY¥de¥RBeHeHehh 6FOEAUI BrakeateingtHalby and
drastically smaller than the expected values. The tinme intervals as the
time Tpwankk thesddmedwm which intervals are set to be approxi mately
equal to each other as described above, are sent to the disk device 13 as

an expect edpt &@%J@imﬁplgk}%a&w teskraengradcchanges thothBetheal processing
command. Then, the first expected command interval "0 Tf becones equal to

the éﬁbéﬁ%ﬁgﬁfxgéﬂdga-%b the disk device 13, a composite command 16
comprising a real processing command and virtual command as well
as time information expected relating to the composite command 16
(expected time, expected command interval, expected change time),
in addition to the judgement criteria corresponding to the
performance desired by the operator of the recording/playback

apparatus described for the second embodiment, and the disk



When processing is performed in the nenory 10 in this way, as long as the
recordi ng/ pl ayback apparatus records an input signal fromthe input unit 12
in the disk device by timer recording while outputting data read fromthe
di sk device 13 at present fromthe output unit 11 to a display device, and
further the timer recording is scheduled to be canceled after Ttm data
processing in the nenory 10 is only a reproduction after the tinme Ttm has
passed, thereby drastically reducing the processing content, resulting in
that a command interval after the tinme Ttm has passed becones a valu

obt ai Ae¥ ig éﬁvpﬁgr&tﬁﬁr@Pﬁlﬁos€®ﬁthﬁﬂ.a?hP§t9§P9e5P§kaSE§€ n8fe bégted
command interval O Ts, and the expected change time Tc beconmes Ttmat this
tine. rPiathics weged hy sepdr desAeion gni the breafesft hBeerpREEEATL FABe
information (first and second expected command intervals Tf and ~ Ts, the
expectiadoringE iP0,. t he expected change tine Tc) on the basis of the
processi ng content of continuous data, the speed at which the continuous
data are prbocessellyn the ecemstyudoiomnef prloe esesond tpasel dyidatkat i on of
the di sk device 13 and sends the sane to the di sk device 13, whereby the

di sk deviecetid eamoperihgr moamhepéhatridormbodiaepsndiind be thecviibedal
command before an i ssuance of the next command while switching to the

opt i nuhtéeelk fepead cortodifskyuret dt.i o igperd,4 viist kol dakpaiicigrgm he continuity
of data. Next, a case where the nenory 10 perforns data processing as 60
descriihaedisalraveang hdedirskodelnge pla ybeskoageatra tilse agppediogntpolthani t 9
concerning states of the respective operations with respect to an operation
corregpandi rgboditeetr.ealIrpriicpsss Ny dorararatheasomed i tag esn agpathatsieon
corresponding to the virtual command, and the upper control unit 9 provides
a r espeRse- Heviflilgwale- Gormmand hebisaidankg etivicld 124 nfroa rebyaivennghehisameesponse
w Il be specifically described with reference to figures 9 through 11.

Fi gur e Fdrenbnegle rdilagr amoiddshe ikeaondithghploZy badk appamattedaccor di ng
to the fourth enbodi nent, and figure 11 is a flowhart illustrating an
operation ofnthegheeondi nghptaybagkaeppeest ss agpecteagtine t efdomdton
enbodi nent. In figure 9, 24 denotes a response-to-virtual -command obt ai ni ng
unit fiefs=eeRl iMa FJresRersed @ itlke ingeRecitive apacat iiensxipediteat ed by the
virtual command. The same constitutes as those shown in figure 4 for the

t hi r d edideHo FREHNMEN &S A ULf erfeRee sHareials o raréadescri ption
thereof will be omtted. Further, in a response 17 in figure 9 according to
the foudd LMbdidRtand)0t RAthed WAHIONIR (RuiddRs 1\e Idbaimaiemand tbut al so
a requirement foor the process corresponding to the virtual comrand are
added &0 Qi BSRANSRd A4 3 he Fel I QOESS| i AW tHl T orblr e A _
flowchart illustrating an operation in a case where it is assuned that it
S eXREGRA dAlime iR |G SR Yook TRRRLALE Rennkn A TONI gnd0(2).

it isn cessarylto wi'te the storage data quantity Mv for recording in the

di sk %ﬁe#&%éé,c%&%m Vf}.f.n arsd al S aicddie iaoFy 10 ghangasd«y a state

shown 61 figure 10(c), It is necessary to read the storage data

quant idy My § @Je iﬁ%qaf‘séoepff&ﬁw}ie% ‘:ffl'fé)re&ﬂ:?osq_i A58 1% and sishclease the

Mp so as to be 1na'state shown 1n figure 10(d). Thus, 1n figure 11, in

step ROhnddaleal RAPeIME PRIt f I NEdhe dakaer data guantity

Mv for recording wthin the nenory he virtual

w U NG iy S0 Lo eyt g s Sra - ah A T LA L S B
;ﬁgo;g% c(g?q%ﬁ%%&%%?j¥$$% &gﬁaqﬁﬁ%ﬁﬁ’ ggﬁigﬁggﬁggﬁﬁhn EF%%%?va éﬁ%&}hzad 0
2 i S gt oy e b, A2 Pl R e A Ce TS Ty
(mor ¢ ST 18I o S TS ooy, CORERATS MOVELE: na e i ).
JEoR s Rt ok dprl e o, A e disicdeyiee dhysee ves,

t he real processing co n as described in figure 7 according t.o th

third B Y%%n‘f'ﬁﬁ%'@¥§E%Qﬂ%ﬁW%ﬁF%%%% ?%téﬂﬁw%hégn%ﬁﬁFﬁ§ﬁé%ﬂE?%ﬁa he
gi ven expected tinme information, further, the seek and novenent are
performed while switching the seek speed in steps S303 to S306, and witing
of the real processing conmand is performed in step S503. Wien this is
conpleted, a response is nade to the upper control unit 9 in step S210.
Thereafter, as a process corresponding to the virtual command, while the
seek




62 speed is switched, the seek and novenent are perfornmed to an address
where Mo on the disk type recording nediumis read, in steps 5308 to S311.
A'response informng that the seek and novenment in response to the virtual
command is conpleted is made to the uﬁ%er control unit 9 in step S504. The
response-to virtual -command obtaining unit 24 of the upper control unit 9
receives this response in step S505, and thereafter it goes to a standby
state in step S312. In this way, when the response-to-virtual -comand
obtaining unit 24 of the upper control unit 9 receives information

concerini Ay filys tpeseess ecocoaspssdiing ery athed Fifr whal ecshfmAdttATt he di sk
device, since the upper control unit 9 recognizes that the seek has already
been dopiraedd ist ke sticondTexpesdgicr eomiend Ra tegaleli sA A6t ABEedshiPet o be
expected in the time Tr(t) required for reading in the above-descri bed
(f or malta wB) chardref dinttieavag dsateEpRisdresl ttive CHeNEs Has taler SXBPBEEh oper at ed
is obtained. Therefore, the margin tine y can al so be expected to be
dr ast ickainige drale Tcand Fuxtiher s jheigwt dsine ihdhonrsdate rHoratidng .
which is included in the judgement criteria described in the
second embodiment. When the device performance desired by the
cperator of the recording/playback apparatus is stillness, the
set time is a time longer than the sum of the minimum time T1 for
continuing the high-speed rotation and the minimum time T2 for
continuing the low-speed rotation. When the device performance
desired by the operator is energy saving, the set time is a time
longer than the minimum time T2 for continuing the low-speed
rotation.

Hereinafter, the expected time information will be described
more specifically with reference to figure 5. For example, it is
assumed that the recording/playback device outputs, from the
output unit 11, video data which are read from the disk type
recording medium 1 of the disk device 13, and reproduces the
video data while recording video data supplied from the input
unit 12 in the disk device 13 by timer recording, and the timer
is canceled after time Ttm has passed. In this case, it is
expected that a real processing command indicates data reading, a

virtual command indicates data writing, and the reading and

writing commands are alternately and continuously issued at

approximately equal intervals ATf from the upper control unit 9



Tr ((t ) =Trr+Trt+y " (y 7y " ). . . ( formula 4 ) That is, in a case
where a response to the virtual command is not made, the quantity of M
remaining in the menory 10 is in a state of figure 10, i.e., it is equal to
(1- X1- X2)~M the storage data quantit 4I\/|o for image reproduction is read
fromthe disk device 13 to maintain the continuity of data, and the 63
virtual command which nmakes Mo filled in the nenory 10 so as to be in a
state of figure 10(d) is scheduled with the processing tinme of the disk

device 13 and the margin tine being expected. ver, as |lo S. a
resporie 3% e A rjt‘l]%rm ivsl%r%éi,eaqan t u]\?,\@é%n@eirb-%}??t €omuand
obtaining unit. 24 of the upper control unit 9, the disk device 13 is
capabl e FRER\GFhiaA HRF thidte (He" ¥k RaT 365 porfs €80T WA FASaomtdhd i s
conpl eted and a state where the servo has already been operated is

obt ai AP Uherhs stata tHel Ligise e @iahl WiRhely it PRSI S ORGSR S
required for processes corresponding to the virtual command again, and it

j udges° ¥ hehte dgieiran 3 ssifar@dusiedh ctheitd 6 eaditRy dded fhem t he

di sk device 13 as the next real processing conmand whi ch has been the

Vi rt uatommmamEndvilsl ded ayeiadhtat itrteerstadr ag & sdahd chuast ilopgkly ftbeni whge
reproduction in the nenory 10 gets |less, processing is possible w thout

i npai réxwedthed commanyd tintofrwdt ad TifR o wapecttkd dhskgdetime I8 edit puts a
response 17 to the respective operations in the process corresponding to
the viwhich torerdHdn thems e aggskrs igure ragl igduarge axfd Ghise ugsder control unit
9 obtains the response 17 in the response-to-virtual -conmand obtaini ng unit
24, wherebyssirey upperarcbnt rbh time talSocarmeerfored aspont fiod esawptea the
tenporal margin expected for maintaining the continuity of continuous data.
Ther efgesora wontthed e mgls |af ghaegmesrgls fareedgprck jpesss iyt equalt he
processi ng of the nenory 10. 64 As described above, in the

r ecor dimigé pralydbaick epparsd usheadood ey tspddus fafurddtenhadi rentyiddee upper
control unit 9 creates the expected tinme information (the expected tinme TO,
t he fidsta ansbeseicandy comerenidni ItrerivalaneD sEquasTtbeDBnd ties sex pctse chshange
time Tc) on the basis of the processing content of continuous data, the
speed m@itoadd €dd tdte apaotoninetse dattthearsanpy ociessed The tdifo renorlyesantb tde
processi ng speed information Tnl and Tn2 of the disk device to send the
sanme t&Hrd heomh skekaviae ddhroshiaretnl ¢ hehdisdnadaldtee. 1A ceor gatidby m dne
operation before an issuance of the next command while switching to the

opt i NuEREREf &d | TS PER o ibd holdpdapaintiing tHee wiartudluidomeindatsa. Furt her,
the di sk device 13 responds to the upper control unit 9 with respect to the
respecti ¥egORef At4100S Of1 S QGESSESH £ USSR d NG hu 1t N VAthfua(lTOQWWEd n
t he processing operations corresponding to the virtual comrand, and the
upper e@RtHOF, Wihdn iobt @dmsaid esesuasponsesetvaldelo not vary in the
response-to-virtual -comand obtaining unit 24, whereby the upper control

unit 95£an: PRL f offia 8s LN & Al x SX el Gt MROT Al t BF I NADPEG &t Qft the
mai ntal ning the continuity of continuous data. Therefore, a control having

a degreen of v 1 {€€d0M {15c PPSSI B! Scddbidle MIREESST N S vdNeAmRTORAA And
Enbodi nent 5 _
expected change time Tc is set so as to have the same value as
the set time.
Next, the operation of the recording/playback apparatus
according to the third embodiment will be described.
Initially, a description will be given of the case where the

device performance desired by the operator of the

recording/playback apparatus is energy saving. Since the effect



Hereinafter, a fifth enbodi nent of the present invention will be described.
In this fifth enbodi nent, an operation of the recordi ng/playback apparatus
when the virtual command changes to 65 the real processing conmand to be
carried out will be described with re§§ect to each of a case where the
virtual conmmand indicates reading of data and a case where it indicates
writing of data. A construction of the recording/playback apparatus in the
fifth enmbodinent is simlar as that in the fourth enbodinent. Initially, a
description will be given of a case where the virtual comrand i ndicates
readi R SEFRYa SATHY eferdi@d nes Mty £he2 seskgePe et 1iSs LoWersRe hant Y
illustrating an operation when the virtual command indicates reading. A
descrifhs Gfeof St Serhanged by 1GhepyShaad sed Usdlag peddugd, hegeri gure
12, these steps go through the sanme processes as in the above-described
enbodi nent sF1THECeRpést adTLPERRAF O ABEFBA2FANGt @pEeSEOl @fdoSBD2LI¢MF cat e
the expected tinme TO, the expected command intervals O Tf and O Ts, and the
expectidd Birangsa iwherre thE agvisfe per fomagicepslesgred]) 8Y1 thepopegeseos
corresponding to the real processing command and the virtual comrand are
per f orirfectneAtgyt e pgichtirofthe me o ndie lsedkiaky apperrattiuen acoores pgndiong t o
the virtual conmand is conpleted, as described in the fourth enbodi nent, at
t he pdibgt tdfind rembwitbimeriise seeki ng operation corresponding to the virtua
command is conpleted, a response is nade to the upper control unit 9 in
step S504, @hd fhdgemspbnseitervarinatheocasadwbbtai thagdemite24 of the
upper control unit 9 receives the response in step S505. Wiile a standby

st at e pex fohmerrrmed dats itrtead figi Mtheofodmagonhdrs en@f oy msesyparsearko atshe virtual
command has been made to the control unit 9 in the above-described figure
11, t Ra rstaandhie straiteed forotthebtsaicred ignbdud nfenftt, h agib edichanige d&t ahwhi ch
are scheduled to be sent fromthe disk type recording nedium1l to the upper
cont r dudyeinter® arre Hepaich RGvedie that & iceneingr et iite rtike iFsmhye6 uaf tt he

di sk device 13. Wien the data are stored in the nmenory 6, in a case where
all oR0t hevdathe qUaKR idayiice e sl et artiliceh cgwanhicthy thas been
expected by the virtual command, has not been able to be stored in the
Menor yenordia gfatla ik idppdrs tiisorad il fupay nidt shewrenor yiGhAsndescri bed
above, at the point of tine when data are stored in the nmenory 6, the
resporsegss gradE tgpdd)e dRPer2 CoMHRIn U triQuire 3t 6 rR6@4miang1thalso
response-tovirtual -conmand obtaining unit 24 of the upper control unit 9
recei vies flikjusrd esPatssd s t&dpP w605 b Aldnelt teeMretrien el o he LespIngs, the
di sk device 13 proceeds to a standby state where the device 13 waits for a
comanthd IRBdhgURper control unit 9 in step S312. Further, although a
detail ed description is not given above,

Furthermore, also in this third embodiment, it is assumed
that the real processing command is a command for reading data
from address A on the disk type recording medium 1, and the
virtual command is a command for writing data stored in the
memory 10 into address B on the disk type recording medium 1.

With reference to figure 6, initially, in step S$301, the
expected time information issuance unit 23 of the upper control
unit 9 expects the expected time TO from when the composite
command issuance unit 18 issues the composite command 16 to when

the virtual command in the composite command 16 changes to an



when all of the capacity included in the virtual command has not been able
to be stored in the nenory 6 in data reading in step S603, the disk device
13 stores a head address of data which has not been read yet, and the
recordi ng/ pl ayback head 2 stands by i 6a track havi ng this address and
enabl es continuing a reading operation fromthis address after an issuance

of the real processing comand. G/ Next, a case where the virtual comand
indicates witing will be described with reference to figure 13. Figure 13
is a flowhart illustrating an operation when the virtyal conmmand i ndicates

witi AGLUALIBSECESEinN 6PMEREFs 3761 53NE K9l PEOSRSSEEd rerEaedRuse, in
figure 13, these steps go through the same processes as in the
abovebgeseiilyed seisedi mest $heasafiveti gibe 1Y 13 isemdp, Ghe sxessted
S7017-5311, processes corresponding to the real processing command and the
vi rt udineodRaite that digke dsddre dSud@Igrtdogeridimide GorRE NS KORFER he
virtual command indi cates reading, when the virtual command indicates
witing,. atln kEgpoiSR0%f thare areeh add Brleithg: opetfatfith dork 961 ng t o
the virtual command is conpleted, the disk device 13 nmakes a response to
not i f yeckd vegpéhec oompols igsi cogmaat thansedihe expemiest édmen Tét.ep 18703 and
si mul taneously requires the upper control unit 9 to send data to be

writt erepl 8398ep t5E04 owelre coagporis entid- Vi alaivled@sarrd polpcaissiing (iime 24 of
t he upper control unit 9 receives the response including the requirenent of
the ddnd whilkd visi trieemi raad vt it ée r8A0& titnos dids restla pwlticets samg | nput t ed
fromthe input unit 12 to the nenory 10 and are scheduled to be witten in
t he dicskmiayde arte thredisrg knmagiewnd toradsperdiisiy devithe Beviyet ipe nfequanes:
capacity. In step S706, the disk device 13 which receives the data stores

t he daleadired by MBROLYeEatbhe dirskhdeHasd s1diva chi fifasrehnicel $fedthesnortineg t he
above 68 described data in the nenory 6 nakes a response to notify the
upper ce@itendl adiirles® dhat-heecdisk Ny des reamqdEired radistred S0 whiamd thiee
response-to-virtual -command obtaining unit 24 of the upper control unit 9
recei veedriiis o/@Ipeme kK hesieR S0 urkhertdaf rrsitivrdepnSBihe tdkirsisat e of
the di sk device 13 noves to a standby state where the device 13 waits for a
command Jfff @fe ke aupReloce@Hing dofidar, |thd R, dAskadeaned epebaiddns
corresponding to the virtual command, the upper control unit 9 perforns a
processd Rnehighanihe seak @nd My e HrddefiRyd or nethd® tile expectierd address
as well as proceeds to a process in which data expected to be witten or
read kyitfae of rdneals oMl Aries reeordsd dgrddie tRIMYRs & ddi e idieskrdevi ce
13. Therefore, the degree of freedomin the control of the upper control
unit 9 can tigd Yeaset BINdifurder @i PReral iR ¢dvle fI8ld arimRd By
switching to nore opti num seek speed or disk rotation speed for a desired
devi ceReIdNRHR Oft Hhe dli-Hp ey i il 3 i d 1 dudy .oving sesird304,0fthe
continuous data. However, for exanple, while the recording/playback

appar alddger control unit 5 compares the processing time Tnl with a
remaining time TO' until the end of the process corresponding to
the real processing command, which is obtained by subtracting the
elapsed time from issuance of the composite command 16, from the
expected time TO. When the remaining time TO0' is larger than the
processing time Tnl, the lower control unit 5 judges that the low
seek speed is to be selected, because the continuity of data is

not degraded even when the low seek speed is selected. When the

remaining time TO' is smaller than the processing time Tnl, the



stores data to be read or data to be witten in the nenory 6 as descri bed
above as the advance operation of the virtual command, it is supposed that
t he opérator issues a command which ig different fromthe virtual command
to the upper control unit 9 of the re 3rding/p|ayback apparatus and the
upper control unit 9 issues a new real processing command which is
different fromthe expected virtual conmand. 69 In this case, in order to
carry out the process corresponding to the next new command rapidly, the
quantity of data correﬁpondhgﬁlto t he virtual command, whjch datg}are
st or ed-SWPE HEHEDY YWIELE mas) WP §Shffhadnddie Y erSPeE T dsh Whéte the new
command indicates reading and a case where it indicates witing wll be
descri%ﬁkﬁ%ﬁ%@rrespect to the data storage quantity in the nmenory 6.
Initially, when the expected virtual command indicates reading of data from
the disk typPBere&bedssgknegrash navt ke kb éermEREeEY i A-ARt €SOfhéSneed for
data stored in the nenory 6 by the virtual command, whereby the data should
be del®rlekpwerhdrefoieo 9(4)'/%6 qleang iy tdte dawr sReask sqedf db bEotidathmitin the
menory 6 | eaves a rapid execution of the next new command unt ouched even
when rssd, pirers Uie ihiglcagrrdd peale s akqudradce 6t legeshdind, stigredite
expected virtual command indicates witing of data in the disk type
r ecor dihvey evisdi thee Th i glatspetdrssk ¥ riomaaer isshoruk .10 Wien heeeenbsy 6 by the
virtual command are not in the nmenory 10 any | onger. Therefore, when the
dat a arenpledteeddh i ridm taddmesidy @) ithwe disk twwdaaadndiery aredioonpl et el y
| ost, whereby it is supposed that there is a case where this data cannot be
del et ethe Iprddess casd catssiimnghcateai fdmrasds ide adranendieen. @ sadldttam t he
di sk type recording nedium 1, and a new command of reproducing an i mage has
been issakihgf asé erarebet ngntofimdatteed r3int.he Thekstlypequecor sit ags ng2i08im 1
becones necessary. In addition, since a capacity of the nenory 6 70
becometso nexessary fddnt el ng afhdaimerdfictad ashwvid tian figude Treamdy 6 by
t he expected virtual command are stored enploying nost of the nmenory 6, it
will causerimderierensef st doed digndn themd,onaredk fohher efey e iptidihe
processes corresponding to the expected virtual comrand, when readi ng data
are stghetedn WwHEL Mesosyi Bred@n approxi nately whol e capacity of the nenory 6
is enployed. Wien the process corresponding to the expected virtual comand
is witing, waee tike idatdect®elde tWaitt tea pieceker edriresbbedipgory Ghea part
of the capacity is enployed, a free capacity required for the nenory 6 is
mai Nt ak ded o Pes S DN EdiRndH @Ces Scdp i 1dd SPeethahgibdhecderrepnivad ¢ s
i ssued. Thereby, ever when the advance operation is perfornmed, which
oper atix@”stéﬁité@il, eMed aMen ddwes UPpel Ctdds WY tritk seskhendt yorehanges the
i

comrand unl e with the schedul ed virtual command, data to be read or data
to be Mgffégﬁbﬁﬁgn%tggeﬁhérbifghgmnggmmghdn accordance with the schedul ed

virtual command, the command can be carried out without inpairing the

continuity @l gat @pecific, in step S308, the disk device 13 calculates
a processing time in the case where high-speed seek is carried
out from the current address A to the target address B, and a
processing time in the case where low-speed seek is carried out,
on the basis of a difference between the current address A on the
disk type recording medium 1 at which the recording/playback head
2 1s currently positioned and the address B of the wvirtual

command, the current disk rotation speed, and the quantity of

data to be processed, and thereafter, the disk device 13



As descri bed above, in the recording/pl ayback apparatus according to the
fifth enbodi ment, as the processing operation perfornmed by the disk device
13 corresponding to the virtual connagg; t he seeking operation is perfornmed
to the expected address, as well as a®“process of recording data schedul ed
to be witten or read in the nenory 6 in the disk device 13 is al so
performed. Therefore, the device 13 carries on the above m descri bed
advance operations corresponding to the virtual comrmand, thereby increasing
t he degree of the control of the upper control unit 9. Further, when the

di sk devt@elaZd S RIRFITS B ofp’éﬁ*eatﬁaz W A shit? AT PHSE S D ptiRfim seek
speed or disk rotation speed for the device performnce desired by the

oper at'Bt GRS dedridih g BB dpieft aitly, T RISE T D itifudie dat a
is inproved. Further, in the fifth enbodi nent, considering that a new
comuaritey ¢ sEied’ e hea et ditan ardihference B tfdigsy €04 he expect ed
virtual command is not changed to the real processing command, the quantity
used fRFORRDBTING Wt im e sasmrwhere stheh dnigeht sSrRgserifigty I6h @ ddss wher e
the virtual command indicates reading and a case where it indicates
writingit Tret effe eprecess et ke Uppdre cuase othans ttie siatterreesmeges t he
command unli ke with the schedul ed conmand, the next new conmand can be
carri eds oz ruipeh et f orhcogrdimeghdyatte adpevathent béned apige siaireg ttolie
read and data to be witten in the nenory 6 without inpairing the

conti nMn2 yi ofa daalaie (dmboidieerty 61 Hareimafdergia dogim enbddierent of the
present invention will be described. In the sixth enbodi nent, a process
when tdiet alirsdd dbivf Der IBe sTreXthanTed besauseiofadafd Utevsv | | Wheldeskbei bed.
A construction of the recording/playback apparatus in the sixth enbodi nent
appl i gsrdaedsien@boies discradrec seoodd to thd tieal (2 ermsodimertaimeaant it

W Il be described with reference to figure 3 here. Wien the disk type

recor dihg pesh e ilng tthiemd eTor di sy ¢ woyrbde ke detete 271 rudhecdninkendorfeaks down,
the disk device 13 is sonetines exchanged. At this tinme, assum ng that the
upper gontdhinidn st 0ots | e fdtse | cHAGBid Ofb COE eddi gl towseachgf the
di sk device 13 and informati on of power consunption on a software or the

MENDr Yardd, t hd r HESONE Se v+ OS] ef4 0 Sompd, thee disk-dadLasdek ats a correct
val ue after the disk device 13 has been exchanged.

carried out from the current address A to the target address B of
the virtual command, the continuity of data is not degraded when
the high-speed seek is carried out to the target address B from
when the expected time TO has passed, as long as the difference
Tn2' time is included in the expected time TO. The reason is as
follows. When the remaining time TO' is larger than the
difference Tn2', the time to reach the target address B is
shorter in the case where the low-speed seek to the target
address B is carried out during the remaining time TO0', and the
high-speed seek to the target address B is carried out when the
remaining time TO' becomes zero and the virtual command changes
to the real processing command, than in the case where the high-

speed seek is carried out to the target address B after the real



To avoid this, for exanple, the disk device 13 has stored the information
concerning the speed of the disk device 13, the information of power
consunption, or the like in a predetergined format on the disk type
recording medium11l or in a nonvol ati | & menory (not shown) in the disk
device 13, and the upper control unit 9 is allowed to obtain the

i nformati on when the recording/playback apparatus starts up or as required.
Ther eby, since the disk device 13 itself stores the information even when

t he di sk device 13 is exchanged, the %F er control unit 9 can obtain the

i nf or MRS T TP DAY I Hpptbgriaat® fauddensit 4849 £ Yher eby

obtaining effects described in the abovedescri bed enbodi nents in the
r ecor diSIes dylbatk gk dthes REQGLRIhy ridls éRovedririofieasaalabi ity
73 A recording/ pl ayback apparatus according to the present invention is
usef ulPFe SHN S FSATMPERE d8v &3RE £ or mance desired by the operator of the
device, without interrupting continuous data, in a magnetic disk device
which is inEPﬁdéBeiﬁeéﬁoélé@ﬁﬁéhb@deéhpﬁﬁethﬁoprﬁéﬁéﬁﬂﬁ@ EoRei Andudndat a
of audi o or video. 74 CLAIMS 1. A recording/pl ayback apparatus
conpr iHingena i g deviie e ¢ orare i ddtn dretm A& tarpe wheatortdieng
medi uns and an upper control unit for controlling processes such as
i nput /xeRping tbae TQ'ors olateenitEdehe nuaceggarattugie rlaprodiet i on and
processing of data, as well as data processing such as reading and witing
of thewiskidevigess hersigp S311 wherein the recording/playback head
is moved with low-speed seek. When the remaining time TO' is
smaller than the processing time Tn2, the operation goes to step
S310 wherein the head is moved with high-speed seek.

After the seek to the address B on the disk type recording
medium 1 is completed, the virtual command changes to the real
processing command in step S312, and the disk device waits for a
command to be issued from the upper control unit 9.

Therefore, when the device performance desired by the
operator of the recording/playback apparatus is energy saving,
the processing times Tnl and Tn2, the remaining time TO', and the
like are obtained from the composite command 16, the judgement
criteria, and the expected time TO, whereby an optimum seek speed
which realizes energy saving desired by the operator of the
apparatus can be selected to operate while maintaining the
continuity of continuous data such as video data.

Next, a description will be given of the case where the

device performance desired by the operator is stillness. Since

the effect of stillness is obtained when the disk rotation speed



t he upper control unit includes a conposite command i ssuance unit which

i ssues, to the disk device, a conposite command conprising a rea
processi ng comand which is a processing command to be actually executed in
the di sk device, and a virtual comman#®which is a processi ng conmand t hat
is expected to be issued by the upper control unit to the disk device after
t he di sk device has processed the real processing command, and the disk
device conprises a |lower control mnmeans for receiving the conposite conmand
fromthe upper control unit, and controlling witing or readi,ng of digital
dat a, idndhe devorsmasyl FIoiAideR hddE 61X SPRG ATy Wit ERG 2o Ted8PRG of
digital data in/fromthe disk type recording nmedium 2. The

r ecor disn@heingash &l dBsarcsiess eWiGAiiMI UWHér €iln the | ower control neans
includes a virtual comand reception nmeans for receiving the virtual
command of Fheutenposbte Ebawahdrt i¥bughdakhRong FRELEFSREdeRfEatERRBute a
process corresponding to the virtual command and t hen maki ng the disk

devi cdrsttidinase hdaneoddss dsoriass pardiorganse ifesiinedudy Eoemene rias ox
process up to a point of tine when the disk device cannot continue the

oper atiisors hinlless s, he nvitthteu ale coordianed b ls vilrarkg edpay ative  eeglorghidge$9i ng
command, and the | ower control neans receives the conposite command, mnakes
t he ditsle dewirce emdradimeutt ,a gurdbdessimsord dspendilvydha rthe llesit natdogssi ng
command, mekes a response to notify the upper control unit that the process
cor r esprendipey atd drhe. iy estlepradides si g icpmeavd dirs moorepldetted,l .and t hereafter,
the virtual conmand reception neans perforns the process corresponding to

t he virtual weehmaaflerence to figure 7, initially, in step S401, the

expected time information issuance unit 23 of the upper control
unit 9 transmits the expected time TO, the first expected command
interval ATf, the second expected command interval ATs, and the
expected change time Tc as mentioned above, together with the
composite command 16, to the disk device 13. Then, in step S402,
the lower control unit 5 of the disk device 13 receives them.

In step S303, the processing time Tnl which is required for
seeking and processing is calculated by the same processing as
described for step S303 of figure 6, without expecting the time
required for switching the disk rotation speed. The processing
time Tnl is a time obtained by giving a margin to the processing
time in the case where the low-speed seek is selected, because
the expected value of the seek speed in the case where the
desired device performance is stillness is a low speed.

In step S403, it is judged whether the current disk rotation
speed (DMS) is high-speed rotation (H) or not. The operation

goes to step S410 when the DMS is the high-speed rotation, and



3. The recordi ng/pl ayback apparatus of Claim1l wherein the upper control
unit further conprises a judgenent criteria issuance neans, the judgenent
criteria i ssuance neans itself createf judgenent criteria suitable for a
per formance desired by an operator of the recor di ng/ pl ayback appar at us,
whi ch performance is uniquely set or is selected fromplural prepared
performances by the operator, and issues the sanme to the di sk device, the
Fisk device further conprises a speed switching neans for switching at
east either of at |east two or nore seek speeds which are speeds for
transPeEgi kg STLEP BARYr WESRJTRE/ pMiyBEckRealV SRS TP SSP or nore
di sk rotation speeds which are speeds for_rotating, the disk type recording
medi um andierehreite®l et {OPCHEAREC? or L kIR t 1Ryt LAl bt ¥ YRR skekt—Peed or
di sk rotation speed fromthe judgenent criteria, and the disk _device
r ecei gaset Weered§erefUréentefig ks grtasieons sPeere (PR orfat® d€%i S8ESHY t he
operator fromthe judgenent criteria issuance neans, selects the optinmum

seek speed Bnen dikis ol adoeh thettepySthd thrkdtle| eefront ndhpk, and
switches the seek speed and disk rotation speed to the selected opti num

speedsobbptihe speed dwi t&ki AgWneresd 41tTHe cdeskechdnplsdEpact Cdppar at us of
Claim3 wherein the judgenent criteria are based on the assunption that the
whether a time enough to maintain the continuity of data will be
left or not when the disk rotation speed is accelerated from the
low-speed rotation to the high-speed rotation. That is, the
first expected command interval ATf is compared with the sum of
the time ATa required for accelerating the disk rotation speed
from the low-speed rotation to the high-speed rotation and the
processing time Tnl required for performing the processing at the
high rotation speed after the disk rotation speed has changed
into the high-speed rotation. In a case of ATf>ATa+Tnl, it is
judged that the continuity of data can be maintained when the
disk rotation speed is switched to the high-speed rotation during

the first expected command interval ATE, and the device goes to
step $405. 1In a case of ATf<ATa+Tnl, it is judged that the
continuity of data cannot be maintained even when the disk
rotation speed is switched to the high-speed rotation during the
first expected command interval ATf, and the device goes to a
process 1 in step S419. The case where the device goes to the
process 1 in step S419 is identical to the case where the
expected speed change time Tc, at which the continuity of data

may be degraded unless the disk rotation speed is switched to the



continuity of continuous data is naintained, include a predeterm ned tine
which restricts the frequency of switching of the disk rotation speed, and
gi've priority to a highly expected speed in the seek speeds or disk
rotati on speeds, in accordance with theé performance desired by the operator
of the recording/playback apparatus. 5. The recordi ng/pl ayback apparatus of
Claim 3 wherein the upper control unit further conprises an expected tine

i nformation issuance nmeans for issuing an expected tine together with the
conposite command to the di sk device, and 77 the expecte?ﬂﬁine is atinme
whi ch highsisogiade d ohp tdope c BPRGCACNEFsed 1Y RS REAGRTEN 1t hd NdFp@PPEeRF ol
unit issues the conposite commuand by the conposite command nmeans to when

t he viim ydifcgmesane ¢het Neresnpesitre lcomiind i ands§heduaperheoréspl
processing command . 6. The recording/pl ayback apparatus of Caim3 wherein
t he uppert Comerdlonms priogesiséngcdopr iseésing shpeerpgctede iAol fnBpaan

i ssuance neans for issuing an expected tinme and an expected comrand

i ssuameefdret droral A Taget haere srids tdeer qonposidley qomaintino a e fiiskieddvi ce,
the expected tine is a time which is obtained by expecting a | apsed tine

f r om whareatiesl dpper TWombrich adilowiss swés chiagec ofpdbiet disénwale thpnt he
conposite command neans to when the virtual conmand of the conposite
comuargpdezi.i ssued as the real processing command,

Further, in a case of ATf>ATa+Tnl in step S404 and when
the operation goes to step S405, it is judged in step S405
whether or not the second expected command interval ATs is a
short command interval at which the disk rotation speed must be
the high speed. That is, it is judged whether or not the second
expected command interval is larger than a predetermined time A
Tw which does not degrade the continuity of data to be processed
even when the disk rotation speed is the low speed during the
second expected command interval ATs. When the second expected
command interval ATs is larger than the ATw, the operation goes
to step S406 because there is no necessity of changing the disk
rotation speed from the low speed to the high speed, and the
remaining time Tc' is updated by extending it up to a break point
of the second expected command interval ATs. Further, when the
second expected command interval ATs is smaller than ATw, since
there is a necessity of changing the disk rotation speed from the
low speed to the high speed, the operation goes to step S407
while maintaining the remaining time Tc' from this point of time

to the expected change time Tc. In step S407, it is Jjudged



t he expected conmand i ssuance interval is an interval which is obtained by
expecting a command i ssuance interval at which plural conmands are issued
after t'he conposite command is issued, when the expected conmand i ssuance
interval is one in which, during a set3tine which is set sufficiently

| onger than the predetermned tinme included in the judgenent criteria,

first expected conmand intervals that are approximately equal intervals are
continued and thereafter second expected intervals that are approxi mately
equal intervals, which are different fromthe first 78 expected co nd

i nt er VaIeEhegr 80poAS AdedDe K MexfoECed ™t iMhe SPnf-denditén Tse éﬁEesﬁﬁﬁgga

i ssues the first expected interval, the second expected conmand interval,

and aRuSkpOEt 68 2EW&Sge it-iSme MhaMRieEh tike FEFRRAAY HBLvAC | ¥PexPethEd to
change fromthe first expected conmand interval to the second expected
comurériestedy ghangs wdme Js des g sdiatld sgoraband tasd tiRe whpebt éd tine,
to the disk device, and, when the expected command i ssuance interval is one
i n whioblatimedf iorys tadedper tee chagmrimane  itot éhealtdmar A Bant éguededuféng t he set
time, the expected tinme information i ssuance neans issues the first
expectededemadndn.nt dfheal | theher geciorich e xipiens i 'c oiraveareh li litre rih@n. Hddgitng t he
sane value as the first expected command interval, and the expected change
time hdwieng thiee opsme higinueyces thoe sd@p 15408, bacanslel sad tichd ngowposhee
command and the expected tinme, to the disk device. 7. The

r ecor diisg/ plodplidcin aEpredativs nefce@sainm ;6 otthermiis e, hehei spedatiios geetorns a
process corresponding to the real processing command and a process

cor r esponrdiang St4d & he csugel awidaimand ofhithe sliistkc hiotg tan egskedeiisheotof the
seek speed and the disk rotation speed on the basis of the judgenent

Crit emiees¥=0GeS&1)0 &sprathd fewkintg qroefestshd sdicsintdewviede wittdelthe Lhe-
expected tine, the first expected command interval, the second expected
commanRgddil eoralticand the expected change time. 79 8. The
recordi ng/ pl ayback apparatus of Claim7 wherein the upper control unit

cal cul ates thesexpested Wwheee ewitbRihyr 6t expedied covwandni speedals the
second expected command i nterval, and the expected change tinme, on the
basi s nefce J¥rRLesH NG GHEEM Ghexidd MU datiangant d ledabyanheeupper
control unit itself, a speed at which the continuous data are processed in

a ey rithatn db sRMNeHAd iR e WARATa tUH IPediiils BMEHRIAMARHY St ores
the continuous data, and processing speed information of the di sk device.
9. Th%\.{re.c(\e(}ftdiﬂlg!égsasyit??gc.k appar afys ofc A@hm2 ereide ATa required
for accelerating the disk rotation speed and the processing time
Tnl required for the processing after the high-speed rotation has
been achieved is compared with the remaining time TO' which is
subtracted from the expected time TO with the passage of time.
When the remaining time TO' is larger than the sum, it is judged
that the continuity of data can be temporally maintained, and the
operation moves to step S409. When the remaining time TO' is
smaller than the sum, it is judged that the continuity of data
cannot be maintained, and the operation moves to step S421.

A process 3 in step S421 is not described in more detail,

because the remaining time TO’ should not be normally smaller



the virtual command reception neans perforns the process corresponding to
the virtual conmand while switching the seek speed or the disk rotation
speed, the di sk device issues a response to the upper control unit at the
poi nt of tinme when each process is coﬁ%leted in the process correspondi ng
to the virtual command, and the upper control unit is provided with a
response-to virtual -command obtai ning neans for obtaining the response. 10.
The recording/ pl ayback apparatus of Claim9 wherein, in the process
corresponding to the virtual command, when the V|rtual comand, i ncl udes
readi HGadf tA€dEEEs 1angtert §408he etk sFewsc & 49¢r PECMS 408adi g iat t er seeking
to the address, stores the data in the nenory installed in the disk 80
devi c@rasesst Rercakt 6PeCiladupEOgeres pdnge CBS & MBedSpdit déntifolthénit, and

goes into a standby state. 11. The recording/ playback apparatus of Cla|n19
wher eialpove-described state, and more speciflcally, this process 3 is a

reprocess for returning to this process upon setting a sufficient
expected time TO next. 1In step S407, the margin a 1is made to
have a temporal margin for performing this reprocess.

In step S409, when the disk rotation speed is accelerated,
and, after completing this, the disk rotation speed has changed
to the high-speed rotation, this operation goes to step S418, and
the seeking process is performed with high-speed rotation. This
seeking process in step S418 is expressed together with a series
of processing, and this processing will be described with
reference to figure 8.

With reference to figure 8, initially, in step S304, it is
judged whether or not the remaining time TO’ which is obtained by
subtracting the time required for processes from step S401 to
step S418 from the expected time TO is larger than the time Tnl
calculated in step S303 of figure 7. When the remaining time TO’'
is larger than the time Tnl, the low-speed seek is carried out in
step S$306. When the remaining time TO’ is smaller than the time
Tnl, the high-speed seek is carried out in step S305. Reading
which is indicated by the real processing command is performed in
step S307, data are transmitted to the upper control unit 9 in
step S208, and a response that data transmission is completed is

made in step S210. Farther, the disk device 13 proceeds to the



in the process corresponding to the virtual command, when the virtual
command includes witing of address and data, the disk device issues a
response to the upper control unit after seeking to the address, requires
data to be witten, stores the data tb%be witten, which are transmitted
fromthe upper control unit in response to the requirenent, in the nmenory
installed in the disk device, and goes into a standby state. 12. The
recordi ng/ pl ayback apparatus of Claim10 or 11 wherein, in the process
corresponding to the virtyal comuand en_data to be witten gﬁgg§tored in

, .Wh

t he mORSAR RS £OrEE SPRNREditek thevVde tugh SPPFERAmat &ty SHFS pacity of
the nenory is used Ieavin% a capacity _required for a mnimum process such
as er the PEOCESSIAY, LR, TRiter SdgRactéabednPyt LBR 81BI4ASr BYCCPRE Gdta to
be witten are stored upon maintaining a mnimmaquantity which can be read
at hi ¢ spesd SBYe: v dilstargei-ce, I s teke SFor p1taers theed ighpspasd 13.
The recording/ pl ayback apparatus of Caim3 wherein the disk device stores
an operaki o $heed wf-spieeddisslekddvi celierserf byagonparantoihéwi t chi ng speed,
i nformati on concerni ng

processing time Tn2 to the remaining time T0’, and the selected

seek 1is executed in steps S310 and S311. Thereafter, in step

S312, the disk device 13 waits for a command to be issued from

the upper control unit 9. The above-described series of

processes from step S304 to step S312 are referred to as a

seeking process step S418 on the whole. Each step is identical

to each step described in figure 6, and therefore, detailed

description thereof will be omitted.

Next, a description will be given of the case where the disk
rotation speed (DMS) is high speed (H) in step S403.
In this case, the process moves from step S403 to step S410,

and a time limit of switching is checked, i.e., the minimum high-

speed rotation continuing time Tl as described in the second

embodiment is compared to an integrated value Th of the

continuing time after the disk rotation speed has become high-

speed rotation. When Th is larger than the predetermined time TI,

the high-speed rotation has been kept longer than the

predetermined time T1l, and therefore, the operation goes to step

S411. When Th is smaller than the predetermined time T1l, the

continuing time is shorter than the minimum high-speed rotation

continuing time T1, and therefore, the operation goes to step



81 power consunption, and the like in the disk type recording nediumor in
an nonvol atile nmenory which is installed in the disk device, in a
predetermi ned format, and the upper control unit obtains the information as
required at start-up or the like of the recordi ng/ pl ayback apparatus, and
creates the appropriate judgenent criteria, thereby controlling the disk
devi ce.
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rotation during the first expected command interval ATf. When

the first expected command interval ATf is larger than the time

ATw, it is judged that the continuity of data is not degraded

even in a case of the low-speed rotation, and the operation goes

to step S412. When the first expected command interval ATf is

smaller than the time ATw, it is judged that the continuity of

data is degraded in a case of the low-speed rotation, and the

operation goes to step S418 wherein the seeking process 1is

continued with the high-speed rotation kept.

In step S412, ATm is a larger value between the time ATa

required for accelerating the disk rotation speed from the low-

speed rotation to the high-speed rotation and the time required

for decelerating the disk rotation speed from the high-speed

rotation to the low-speed rotation, and it is checked whether or

not both of deceleration and acceleration of the disk rotation

speed at the first expected command interval ATf are possible.
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deceleration of the disk rotation speed are possible, the

operation goes to step S413. When it is judged that it is

impossible, the operation goes to a process 2 in step $420. The

process 2 in step S420 is provided as a process which enables

switching to the low-speed rotation even when the time for

deceleration or acceleration of the disk rotation speed is not

sufficiently obtained from the command interval issued by the

upper control unit 9, as long as the time required for

acceleration or deceleration can be generated in a range in which

the upper control unit 9 can perform a control during when the

disk rotation speed is the low-speed rotation.

Further, in step S413 where it is judged that the

acceleration and deceleration of the disk rotation speed are
possible in step S412, it is checked whether or not the second
expected command interval ATs can maintain the continuity of
data similarly as the first expected command interval ATf even

when the data rotation speed is decelerated. That is, it is
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judged whether the second expected command interval ATs is
larger than the predetermined time ATw which does not degrade
the continuity of data to be processed even when the disk
rotation speed is the low-speed rotation. Here, when the second
expected command interval ATs is larger than ATw, the operation
goes to step S414. Since it is not necessary to switch the disk
rotation speed to the high-speed rotation also after an end of
the first expected command interval ATf, the remaining time Tc’
until the expected change time Tc is updated so as to extend it
up to a break point of the second expected command interval ATs,
and thereafter, the operation goes to step S415. When the second
expected command interval ATs is smaller than ATw, it is
necessary to switch the disk rotation speed to the high-speed
rotation, and therefore, the operation goes to step S5415.

In step S415, the remaining time Tc’ until the expected
change time Tc is compared with the minimum low-speed rotation
continuing time T2. When the remaining time Tc’ is smaller than
the minimum low-speed rotation continuing time T2, the low-speed
rotation cannot be continued for a predetermined time, whereby
the deceleration is impossible. Then, the operation goes to step
S418, and the seeking process is carried out with the high-speed
rotation being kept. Further, when the remaining time Tc’ is
larger than the minimum low-speed rotation continuing time T2,

the low-speed rotation can be continued for the predetermined

time or more, whereby the deceleration is possible, and then the
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operation goes to step S416. This step S416 is similar as in a
case described in step S408, and these steps have only a
difference between acceleration and deceleration. Therefore, the
remaining time TO’ of the expected time is compared with the sum
of the time ATd required for decelerating the disk rotation
speed and the time Tnl required for the subsequent process which
is performed with the low-speed rotation. When the remaining
time TO’ is larger than the sum, it is possible to decelerate the
disk rotation speed and, therefore, the operation goes to step
S417. When the remaining time TO’ is smaller than the sum, it is
impossible to decelerate the disk rotation speed and, therefore,
the operation goes to step S422. 1In a process 4 in step S422,
the sufficient expected time TO is maintained similarly as in the
process 3 in the step S421, and this process 4 is a reprocess for
returning to the above-described processing.

Further, in step S417, the disk rotation speed is
decelerated, and the operation goes to step S418 when the speed
has become the low-speed rotation. The seeking process in the
subsequent step S418 is as described above with reference to
figure 8, and therefore, description thereof will be omitted.

Therefore, when the device performance desired by the
operator of the recording/playback apparatus is stillness,
processing speed information of the disk device 13 such as the
processing times Tnl and Tn2 are obtained from the composite

command 16, the judgement criteria, the first and second expected
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command intervals ATf and ATs, the expected change time Tc, and
the expected time TO, and an optimum seek speed or disk rotation
speed for the device performance desired by the operator can be
selected while maintaining the continuity of continuous data such
as video data.

As described above, in the recording/playback apparatus
according to the third embodiment, the upper control unit 9 sends
the composite command 16 comprising the real processing command
and the virtual command, as well as the expected time TO, the
first and second expected command intervals ATf and ATs, and the
expected change time Tc which are the expected time information,
to the disk device 13. This disk device 13 performs operations
corresponding to the real processing command and the virtual
command by selecting the seek speed or the disk rotation speed by
self decision based on these information and the judgement
criteria corresponding to the device performance desired by the
operator as described in the second embodiment. Therefore, data
processing is carried out by selecting more optimum seek speed or
disk rotation speed for the device performance desired by the
operator without impairing the continuity of data.

Further, in this third embodiment, when the device
performance desired by the operator is energy saving, an
operation in which the disk rotation speed is not switched was
described with reference with figure 6, while the above-described

similar processing as in figure 7 should be performed when the
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disk rotation speed is also switched.
(Embodiment 4)

Hereinafter, a fourth embodiment according to the present
invention will be described.

In this fourth embodiment, data processing is performed by
using a memory 10 installed in the disk device 13, the expected
time information as described in the third embodiment (first and
second expected command intervals ATE, ATs, expected time TO,
expected change time Tc) is more specifically explained on the
basis of the processing speed in the data processing within the
memory 10, and further, a response-to-virtual-command obtaining
unit for receiving a response to the process indicated by the
virtual command is installed in the upper control unit 9 of the
' recording/playback apparatus.

The memory 10 for temporarily storing data is mainly used in
the following three cases so that the upper control unit 9
processes continuous data such as video data. That is, these
cases are as follows: a case where it i1s used for data process, a
case where data read from the disk type recording medium 1 are
temporarily stored faster than the speed when data are outputted
from an output unit 11 at approximately constant speed, the data
are taken from the memory 10 in accordance with the ocutput speed
from the output unit to be outputted, and the output data is
deleted from the memory 10, and a case where data taken from an

input unit 12 are temporarily stored, the data are sent to the
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disk device 13 in determined units or its multiple units, and the
sent data are recorded on the disk type recording medium 1.

The case where the memory 10 is used only in one of the
above-described cases, e.g., a case where it is used when the
recording/playback apparatus performs one sequence of operations
of temporarily storing the data taken from the input unit 12 in
the memory 10, sending the data to the disk device 13 in
determined units or its multiple units, and recording the sent
data on the disk type recording medium 1, is not suitable for
describing an optimum operation of the recording/playback
apparatus. Therefore, a case where the memory 10 is used when
relatively frequent data processing is necessary, €.g., a case
where it is used when the recording/playback apparatus performs
two sequences of operations of reading data on the disk type
recording medium 1 of the disk device 13 and outputting the read
data through the output unit 11 to reproduce an image, as well as
writing video data taken from the input unit 12 in the disk type
recording medium, will be reviewed.

In the recording/playback apparatus which performs two
sequences of operations, i.e., reproducing the above-mentioned
image and writing the data in the medium 1, the upper control
unit 9 repeats processes of storing the data once read from the
disk type recording medium 1 of the disk device 13 into the

memory 10, temporally continuously consuming the data from this

memory 10 by a required quantity while storing data to be
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in the disk type recordlng medium 1.

Here, with reference to figure 10, a case where two
sequences of data are processed in the memory 10 will be
described. Figure 10 is a diagram imitatively illustrating a
capacity of the memory 10.

In figure 10, a capacity which can be used for temporary
storage excluding a quantity required for a process of the image
of the memory 10 is Ma, a storage data quantity for image
reproduction, which quantity has been stored at the present stage
and has time-serially been decreased, is Mp, a storage data
quantity for recording, which quantity has temporarily been
stored to be written in the disk device 13 and has time-serially
been increased, is Mw, and a free capacity which has not been
used 1s Mo.

With respect to the continuous data such as video data, the
recording/playback speed is usually expressed by a capacity which
is used per unit time. Accordingly, it is considered that the
storage data quantity Mp for image reproduction is consumed by A
Mp per hour to be decreased, and the storage data amount Mw for
recording is increased by AMw per hour. When AMw is larger

than AMp, the free capacity Mo is decreased with time.

Therefore, although it is necessary to set the free capacity Mo
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further a sufficient quantity for the difference is set as Mo.

Further, it is necessary to note the following two points to
maintain the continuity of continuous data. That is, the first
point is that data should be newly read from the disk type
recording medium 1 of the disk device 13 by the time when the
storage data quantity Mp for image reproduction is lost, and then
the read data should be supplied, because the continuity of image
reproduction is degraded when the data for image reproduction in
the memory 10 is lost. The second point is that the free
capacity Mo of the memory 10 which stores data to be written in
the disk device 13 should be prevented from being lost, because
the continuity of continuous data to be recorded in the disk type
recording medium 1 is degraded unless data can be stored in the
memory 10. In view of the above-described two points, it is
adopted as a safe setting in the continuity of data that a
control is performed so as to write data in the disk type
recording medium 1 as fast as possible in a state where the
storage data quantity Mp for image reproduction is as large as
possible and the storage data quantity Mw for recording is as
small as possible when a recording unit is filled. In this case,
however, since a seeking operation must be performed for each
small unit to be recorded, the number of seeking operations

becomes huge.



10G 10G89" $10%G& () - 7$10%G&' () -/ 9$109%G& () - - #10%& () -wwz{ G }|}[<nbC0 10

+$10% h& ()-! +s$10MKK& () - s$10% h& ()- ! H$10% h h& ()-!9%$10% h hé& ()-$10%

&'()-}19}:};1<}?} muv40 1! Q@10% & ()-& $10% C& ()-& $10% h& ()-& 10%

h& ()- 10 ; ; 10 ; ; 10 ; ;!9+$10%; 9& ()-m-_=0 11 Q C$10% ! !& ()-$10%

B§8 10% h& ()- 10 h 10 h 10 h0O $10% h& ()-1i $10%& ()- & H7r S40 1$10%
'()- 10%

Thus, it is supposed that the number of accesses from the
upper control unit 9 to the disk device 13 is decreased as much
as possible.

In order to perform data processing upon maintaining the
continuity, operations of writing the storage data quantity Mw
for recording on the memory 10 in the disk device 13 before the
storage data quantity Mp for image reproduction is lost from the
memory 10, so as to provide the free capacity Mo on the memory 10,
and further obtaining data of Mp from the disk device 13 to store
the data in the memory 10 are required.

Initially, it is assumed that two commands of writing and
reading are successively performed and the data of the storage
data quantity Mp for image reproduction are maximally stored in
the memory 10. A time Tp until the storage data quantity Mp for
recording is lost on the memory 10 is Mp/AMp, and, in order to
write data during the time Tp and further read the data, the time
Tp must be larger than the sum of a time Tws required for the
seeking operation for the written address, a time Twt during
which data to be written are transferred from the memory 10 to
the disk device 13, a time Tww during which the data are written
in the disk type recording medium 1, further, a seek time Trs for
a read address, a time Trr during which the data are read from
the disk type recording medium 1, and a time Trt during which the
data are transferred to the memory 10. However, even when the

seek reaches a track which is in a radial position of the disk
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type recording medium 1, a position on one periphery of a target
address is not known. Therefore, a time Tm required for one
rotation is anticipated as this rotational delay. Thus, (formula
3) is obtained as follows.

Tp > (Tws+Twt+Tww+Tm+ 3 ) + (Trs+Trr+Trt+Tm+ vy ) ... (formula 3)
wherein B and y are margin times in a case where the servo
failed to be operated or the like. Further, in (formula 3), a
right side is T(t), a time required for writing of a first term
in parentheses is Tw(t), and a time required for reading of a
second term in parentheses is Tr(t).

That is, the disk device 13 is operable only in a range in
which the (formula 3) holds without impairing the continuous data.
However, when the device 13 is attempted to operate as it is, 8
and y that are anticipated in the (formula 3) are larger values
than the other terms, thereby causing a shortcoming that, in
order to successively perform the seek twice, this successive
operations must start while a remaining quantity of Mp is still
large, and a shortcoming that, since writing and reading are
successively performed, it is difficult both to operate
beforehand in accordance with the virtual command and to select
the operation speed within the set time.

So, it is supposed that writing and reading are
unsuccessively performed at approximately equal intervals.

In figure 10, X1 and X2 are ratios when the capacity M is 1,

and this capacity M is a capacity which can be used by Mp and Mw
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in the memory 10. Figure 10(a) illustrates a state where Mw is
stored by X1 and Mp is stored by (1-X1), among the capacity M of
the memory 10. At this point of time, it is assumed that Mw is
written in the disk device 13. 1In the capacity of the memory 10
at the point of time when writing is completed, as shown in
figure 10(b), data Mw taken from the input unit 12 is 0. Next,
figure 10(c) illustrates the state after some time has passed.
While Mw is inputted from the input unit 12 so that Mw is
increased to X2 within the memory 10 with passage of time, Mp is
sent to the output unit 11 to reproduce data, so that Mp within
the memory 10 is decreased to (1-X1-X2). Thus, Mp is read from
the disk device 13 at this point of time to be stored in the
memory, and figure 10(d) illustrates the state immediately after
Mp has been stored in the memory 10.

That is, a time Twm from when Mw is written in the disk
device 13 to when Mp is read is a time during which the state
shifts like figure 10 (b)—figure 10{(c)—figure 10(d), resulting in
Twm=M * X2/ AMw. A time Tmw from when Mp is read from the disk
device 13 to when Mw is written is a time during which the state
shifts like figure 10(d)—figure 10(a)—figure 10{(b), resulting in
Tmw=M * (X1-X2)/AMw. It is assumed that commands of reading and
writing are issued at the equal interval here, resulting in
Twm=Tmw, thereby obtaining X1=2 +*X2. Mp in figure 10(c) is equal
to (1-X1-X2) M (Mp=(1-X1-X2) * M), and the above-described

equation is substituted for this equation, resulting in Mp=(1-3 -
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X2) *M. Since reading of Mp from the disk device 13 to the
memory 10 must be earlier than outputting this Mp from the output
unit 11 and losing the same on the memory 10, a time Tr(t)
required for reading must be set under conditions of Tr(t)<(1-3-*
X2) M/ AMp.

Here, to be specific, when X1 is equal to 0.5 (X1=0.5), X2
is equal to 0.25 (X2=0.25), and a capacity of the memory 10 is M,
data are written in the disk device 13 at the point of time of
0.5M, and the read data are stored up to 0.75M at the point of
time when the remaining quantity of data read from the input unit
12 is up to 0.25M. Here, a calculation is simplified imitatively
without considering a capacity deviation due to a time deviation
in the time Tw(t) required for writing and a time deviation in
the time Tr(t) required for reading. The reason is as follows.
The approximately equal command intervals allow the device to
operate upon expecting the difference. In addition, there are
sufficient command intervals, and also an advance operation
corresponding to the virtual command is performed, whereby it is
supposed that margins B and vy expected in (formula 3) are
actually and drastically smaller than the expected values. The
time intervals as the time Tmw and the time Twm, which intervals
are set to be approximately equal to each other as described
above, are sent to the disk device 13 as an expected time TO when

the virtual command changes to the real processing command. Then,

the first expected command interval ATf becomes equal to the
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expected time TO.

When processing is performed in the memory 10 in this way,
as long as the recording/playback apparatus records an input
signal from the input unit 12 in the disk device by timer
recording while outputting data read from the disk device 13 at
present from the output unit 11 to a display device, and further
the timer recording is scheduled to be canceled after Ttm, data
processing in the memory 10 is only a reproduction after the time
Ttm has passed, thereby drastically reducing the processing
content, resulting in that a command interval after the time Ttm
has passed becomes a value obtained by giving a margin to (M/A
Mp). This value is a second expected command interval ATs, and
the expected change time Tc becomes Ttm at this time.

In this way, the upper control unit 9 creates the expected
time information (first and second expected command intervals A

Tf and ATs, the expected time TO, the expected change time Tc)

on the basis of the processing content of continuous data, the
speed at which the continuous data are processed in the memory 10,
and processing speed information of the disk device 13 and sends
the same to the disk device 13, whereby the disk device 13 can
perform an operation corresponding to the virtual command before
an issuance of the next command while switching to the optimum
seek speed or disk rotation speed, without impairing the
continuity of data.

Next, a case where the memory 10 performs data processing as
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described above, the disk device 13 responds to the upper control
unit 9 concerning states of the respective operations with
respect to an operation corresponding to the real processing
command as well as an operation corresponding to the virtual
command, and the upper control unit 9 provides a response-to-
virtual-command obtaining unit 24 for obtaining this response
will be specifically described with reference to figures 9
through 11. Figure 9 is a block diagram of the
recording/playback apparatus according to the fourth embodiment,
and figure 11 is a flowchart illustrating an operation of the
recording/playback apparatus according to the fourth embodiment.
In figure 9, 24 denotes a response-to-virtual-command obtaining
unit for receiving a response to the respective operations
indicated by the virtual command. The same constitutes as those
shown in figure 4 for the third embodiment are given the same
reference numerals, and description thereof will be omitted.
Further, in a response 17 in figure 9 according to the
fourth embodiment, not only a response to the virtual command but
also a requirement for the process corresponding to the virtual
command are added to a response to the real processing command.
Figure 11 is a flowchart illustrating an operation in a case
where it is assumed that it is expected that, when the memory 10
is in a state shown in figure 10(a), 1t is necessary to write the
storage data quantity Mw for recording in the disk device 13, and

next, when a state of the memory 10 changes to a state shown in
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figure 10(c), it is necessary to read the storage data quantity
Mp for image reproduction from the disk device 13 and increase
the Mp so as to be in a state shown in figure 10(d). Thus, in
figure 11, in step S501, the real processing command of writing
the storage data quantity Mw for recording within the memory 10
in the disk device 13, the virtual command of reading the storage
data quantity Mp for image reproduction within the memory 10 upon
specifying a start address on the disk type recording medium 1 of
the disk device and the read quantity, and further the expected
time TO, first and second expected command intervals ATf and ATs,
and the expected change time Tc which are set as described above
when an input signal from the input unit 12 is recorded in the
disk device 13 by timer recording and it is expected that the
timer is canceled after Ttm, (more specifically, TO=ATf=M-X2/A
Mw, ATs=(M/AMp)+c (o: margin time), Tc=Ttm) are sent to the disk
device 13, and the disk device 13 receives them in step S502.
Although it is not shown in figure 11, with respect to the real
processing command, as described in figure 7 according to the
third embodiment, the disk rotation speed is switched on the
basis of the given expected time information, further, the seek
and movement are performed while switching the seek speed in
steps $303 to S306, and writing of the real processing command is
performed in step S503. When this is completed, a response is
made to the upper control unit 9 in step 5210. Thereafter, as a

process corresponding to the virtual command, while the seek
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speed is switched, the seek and movement are performed to an
address where Mp on the disk type recording medium is read, in
steps S308 to S311. A response informing that the seek and
movement in response to the virtual command is completed is made
to the upper control unit 9 in step 8504. The response-to-
virtual-command obtaining unit 24 of the upper control unit 9
receives this response in step $505, and thereafter it goes to a
standby state in step S312.

In this way, when the response-to-virtual-command obtaining
unit 24 of the upper control unit 9 receives information
concerning the process corresponding to the virtual command in
the disk device, since the upper control unit 9 recognizes that
the seek has already been completed, the time Trs required for
the seek is not necessary to be expected in the time Tr(t)
required for reading in the above-described (formula 3), and
further a state where the servo has already been operated is
obtained. Therefore, the margin time vy can also be expected to
be drastically small, and Tr(t) is judged as in the following
(formula 4).

Tr (t)=Trr+Trt+y’ (y>v') ... (formula 4)

That is, in a case where a response to the virtual command
is not made, the quantity of Mp remaining in the memory 10 is in
a state of figure 10, i.e., it is equal to (1-X1-X2) *M, the
storage data quantity Mp for image reproduction is read from the

disk device 13 to maintain the continuity of data, and the
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virtual command which makes Mp filled in the memory 10 so as to
be in a state of figure 10(d) 1is scheduled with the processing
time of the disk device 13 and the margin time being expected.
However, as long as a response to the virtual command is made, in
the response-to-virtual-command obtaining unit 24 of the upper
control unit 9, the disk device 13 is capable of recognizing that
the seek in response to the virtual command is completed and a
state where the servo has already been operated is obtained.
Therefore, the upper control unit 9 can calculate the time
required for processes corresponding to the virtual command again,
and it judges that, even when an issuance of a command of reading
data from the disk device 13 as the next real processing command
which has been the virtual command is delayed until the storage
data quantity Mp for image reproduction in the memory 10 gets
less, processing is possible without impairing the continuity of
data.

In this way, the disk device 13 outputs a response 17 to the
respective operations in the process corresponding to the virtual
command to the upper control unit 9, and the upper control unit 9
obtains the response 17 in the response-to-virtual-command
obtaining unit 24, whereby the upper control unit 9 can perform a
control except a temporal margin expected for maintaining the
continuity of continuous data. Therefore, a control having a
large degree of freedom is possible in the processing of the

memory 10.
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As described above, in the recording/playback apparatus
according to the fourth embodiment, the upper control unit 9
creates the expected time information (the expected time TO, the
first and second command intervals ATf and ATs, the expected
change time Tc) on the basis of the processing content of
continuous data, the speed at which the continuous data are
processed in the memory, and the processing speed information Tnl
and Tn2 of the disk device to send the same to the disk device 13,
whereby the disk device 13 can perform an operation before an
issuance of the next command while switching to the optimum
operation speed, without impairing the continuity of data.
Further, the disk device 13 responds to the upper control unit 9
with respect to the respective operations of processes
corresponding to the virtual command in the processing operations
corresponding to the virtual command, and the upper control unit
9 obtains these responses in the response-to-virtual-command
obtaining unit 24, whereby the upper control unit 9 can perform a
control except a temporal margin expected for maintaining the
continuity of continuous data. Therefore, a control having a
degree of freedom is possible in the processing of the memory 10.
(Embodiment 5)

Hereinafter, a fifth embodiment of the present invention
will be described.

In this fifth embodiment, an operation of the

recording/playback apparatus when the virtual command changes to
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the real processing command to be carried out will be described
with respect to each of a case where the virtual command
indicates reading of data and a case where it indicates writing
of data. A construction of the recording/playback apparatus in
the fifth embodiment is similar as that in the fourth embodiment.

Initially, a description will be given of a case where the
virtual command indicates reading of data with reference to
figure 12. Figure 12 is a flowchart illustrating an operation
when the virtual command indicates reading.

A description of steps $601~S311 will be omitted here,
because, in figure 12, these steps go through the same processes
as in the above-described embodiments. The expected time
information in steps S601 and S602 indicate the expected time TO,
the expected command intervals ATf and ATs, and the expected
change time Tc.

First of all, in steps S601~S311, processes corresponding
to the real processing command and the virtual command are
performed. At the point of time when the seeking operation
corresponding to the virtual command is completed, as described
in the fourth embodiment, at the point of time when the seeking
cperation corresponding to the virtual command is completed, a
response is made to the upper control unit 9 in step S504, and
the response-to-virtual-command obtaining unit 24 of the upper
control unit 9 receives the response in step S505.

While a standby state is obtained at the point of time when

h 10
10GG
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a response to the virtual command has been made to the control
unit 9 in the above-described figure 11, the standby state is not
obtained in the fifth embodiment, data which are scheduled to be
sent from the disk type recording medium 1 to the upper control
unit 9 are read, and the data are stored in the memory 6 of the
disk device 13. When the data are stored in the memory 6, in a
case where all of the data quantity to be transmitted, which
quantity has been expected by the virtual command, has not been
able to be stored in the memory 6, the data quantity is stored
halfway in the memory 6. As described above, at the point of
time when data are stored in the memory 6, the response is made
to the upper control unit 9 in step S604, and the response-to-
virtual-command obtaining unit 24 of the upper control unit 9
receives this response in step S605. After completion of the
response, the disk devicé 13 proceeds to a standby state where
the device 13 waits for a command from the upper control unit 9
in step S312.

Further, although a detailed description is not given above,
when all of the capacity included in the virtual command has not
been able to be stored in the memory 6 in data reading in step
$603, the disk device 13 stores a head address of data which has
not been read yet, and the recording/playback head 2 stands by in
a track having this address and enables continuing a reading
operation from this address after an issuance of the real

processing command.
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Next, a case where the virtual command indicates writing
will be described with reference to figure 13. Figure 13 is a
flowchart illustrating an operation when the virtual command
indicates writing.

A description of steps S$701~S311 will be omitted here,
because, in figure 13, these steps go through the same processes
as in the above-described embodiments, as in figure 12.

Initially, in steps S701~S31l, processes corresponding to
the real processing command and the virtual command that have
been issued are performed. Unlike with when the virtual command
indicates reading, when the virtual command indicates writing, at
the point of time when the seeking operation corresponding to the
virtual command is completed, the disk device 13 makes a response
to notify the upper control unit 9 that the seek is completed in
step S703 and simultaneously requires the upper control unit 9 to
send data to be written.

In step S704, the response-to-virtual-command obtaining unit
24 of the upper control unit 9 receives the response including
the requirement of the data to be written, and in step S705 it
sends data which are inputted from the input unit 12 to the
memory 10 and are scheduled to be written in the disk type
recording medium 1 to the disk device 13 by the required capacity.
In step S706, the disk device 13 which receives the data stores
the data in the memory 6.

The disk device 13 which has finished storing the above-
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described ‘data in the memory 6 makes a response to notify the

upper control unit 9 that receiving is completed in step 8707,
and the response-to-virtual-command obtaining unit 24 of the
upper control unit 9 receives this response in step S708.
Thereafter, in step S312, the state of the disk device 13 moves
to a standby state where the device 13 waits for a command from
the upper control unit 9.

In this way, as advance operations corresponding to the
virtual command, the upper control unit 9 performs a process in
which the seek and movement is performed to the expected address
as well as proceeds to a process in which data expected to be
written or read by the virtual command are recorded in the memory
6 in the disk device 13. Therefore, the degree of freedom in the
control of the upper control unit 9 can be increased, and further
an operation can be performed by switching to more optimum seek
speed or disk rotation speed for a desired device performance of
the disk device 13 while improving security of continuous data.

However, for example, while the recording/playback apparatus
stores data to be read or data to be written in the memory 6 as
described above as the advance operation of the virtual command,
it is supposed that the operator issues a command which is
different from the virtual command to the upper control unit 9 of
the recording/playback apparatus and the upper control unit 9
issues a new real processing command which is different from the

expected virtual command.
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In this case, in order to carry out the process
corresponding to the next new command rapidly, the quantity of
data corresponding to the virtual command, which data are stored
in the memory 6, has an influence.

Hereinafter, a case where the new command indicates reading
and a case where it indicates writing will be described with
respect to the data storage quantity in the memory 6.

Initially, when the expected virtual command indicates
reading of data from the disk type recording medium 1, the new
command eliminates the need for data stored in the memory 6 by
the virtual command, whereby the data should be deleted.
Therefore, the quantity of data to be stored beforehand in the
memory 6 leaves a rapid execution of the next new command
untouched even when most parts of its capacity are used.

On the other hand, when the expected wvirtual command
indicates writing of data in the disk type recording medium 1,
data stored from the memory 10 in the memory 6 by the virtual
command are not in the memory 10 any longer. Therefore, when the
data are deleted from the memory 6, the data to be written are
completely lost, whereby it is supposed that there is a case
where this data cannot be deleted. In this case, assuming that
different data have been read from the disk type recording medium
1, and a new command of reproducing an image has been issued,
faster reading of data from the disk type recording medium 1

becomes necessary. In addition, since a capacity of the memory 6
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becomes necessary for reading of data, if data written in the
memory 6 by the expected virtual command are stored employing
most of the memory 6, it will cause interference with the next
new command.

Therefore, in the processes corresponding to the expected
virtual command, when reading data are stored in the memory 6, an
approximately whole capacity of the memory 6 is employed. When
the process corresponding to the expected virtual command is
writing, and the data to be written are stored in the memory 6, a
part of the capacity i1s employed, a free capacity required for
the memory 6 is maintained to perform the process at high speed
when the new command is issued.

Thereby, even when the advance operation is performed, which
operation is that, even when the upper control unit 9 suddenly
changes the command unlike with the scheduled virtual command,
data to be read or data to be written are stored in the memory 6
in accordance with the scheduled virtual command, the command can
be carried out without impairing the continuity of data.

As described above, in the recording/playback apparatus
according to the fifth embodiment, as the processing operation
performed by the disk device 13 corresponding to the virtual
command, the seeking operation is performed to the expected
address, as well as a process of recording data scheduled to be
written or read in the memory 6 in the disk device 13 is also

performed. Therefore, the device 13 carries on the above-
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described advance operations corresponding to the virtual command,
thereby increasing the degree of the control of the upper control
unit 9. Further, when the disk device 13 is made to be operated
while switching to more optimum seek speed or disk rotation speed
for the device performance desired by the operator of the
recording/playback apparatus, security of continuous data is
improved.

Further, in the fifth embodiment, considering that a new
command is issued by the operator, or the like, and therefore,
the expected virtual command is not changed to the real
processing command, the quantity used for storing data in the
memory 6 is changed, depending on a case where the virtual
command indicates reading and a case where it indicates writing.
Therefore, even when the upper control unit 9 suddenly changes
the command unlike with the scheduled command, the next new
command can be carried out upon performing the advance operation
of storing data to be read and data to be written in the memory 6
without impairing the continuity of data.

(Embodiment 6)

Hereinafter, a sixth embodiment of the present invention
will be described.

In the sixth embodiment, a process when the disk device 13
is exchanged because of failure will be described.

A construction of the recording/playback apparatus in the

sixth embodiment applies to the above-described second to fifth
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here.

When the disk type recording medium 1, the
recording/playback head 2, or the like breaks down, the disk
device 13 is sometimes exchanged. At this time, assuming that
the upper control unit 9 previously has information concerning
the speed of the disk device 13 and information of power
consumption on a software or the memory 10, it becomes impossible
to control the disk device 13 at a correct value after the disk
device 13 has been exchanged.

To avoid this, for example, the disk device 13 has stored
the information concerning the speed of the disk device 13, the
information of power consumption, or the like in a predetermined
format on the disk type recording medium 1 or in a nonvolatile
memory {(not shown) in the disk device 13, and the upper control
unit 9 is allowed to obtain the information when the
recording/playback apparatus starts up or as required. Thereby,
since the disk device 13 itself stores the information even when
the disk device 13 is exchanged, the upper control unit 9 can
obtain the information to newly create an appropriate judgement
criteria, thereby obtaining effects described in the above-
described embodiments in the recording/playback apparatus without

any problem.

Industrial Availability
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recor laybac égﬁaratus according to the present

invention is useful for satisfying a device performance desired
by the operator of the device, without interrupting continuous
data, in a magnetic disk device which is included in an
electronic equipment for handling continuous data of audio or

video.
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CLAIMS

1. A recording/playback apparatus comprising: a disk device for
recording data on a disk type recording medium; and an upper
control unit for controlling processes such as input/output of
data from/to the outside of the apparatus, reproduction and
processing of data, as well as data processing such as reading
and writing of the disk device, wherein

the upper control unit includes a composite command issuance
unit which issues, to the disk device, a composite command
comprising a real processing command which is a processing
command to be actually executed in the disk device, and a virtual
command which is a processing command that is expected to be
issued by the upper control unit to the disk device after the
disk device has processed the real processing command, and

the disk device comprises

a lower control means for receiving the composite command
from the upper control unit, and controlling writing or reading
of digital data, and

a recording/playback head for performing writing or reading

of digital data in/from the disk type recording medium.

2. The recording/playback apparatus of Claim 1 wherein
the lower control means includes a virtual command reception

means for receiving the virtual command of the composite command,
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and making the disk device execute a process corresponding to the
virtual command and then making the disk device standby,

the process corresponding to the virtual command is a
process up to a point of time when the disk device cannot
continue the operation unless the virtual command is changed to
the real processing command, and

the lower control means receives the composite command,
makes the disk device carry out a process corresponding to the
real processing command, makes a response to notify the upper
control unit that the process corresponding to the real
processing command is completed, and thereafter, the virtual
command reception means performs the process corresponding to the

virtual command.

3. The recording/playback apparatus of Claim 1 wherein

the upper control unit further comprises a judgement
criteria issuance means,

the judgement criteria issuance means itself creates
judgement criteria suitable for a performance desired by an
operator of the recording/playback apparatus, which performance
is uniquely set or is selected from plural prepared performances
by the operator, and issues the same to the disk device,

the disk device further comprises

a speed switching means for switching at least either of at

least two or more seek speeds which are speeds for transferring
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the recording/playback head, and at least two or more disk
rotation speeds which are speeds for rotating the disk type
recording medium, and
a speed selection means for selecting an optimum seek speed
or disk rotation speed from the judgement criteria, and
the disk device receives the judgement criteria suitable for
the performance desired by the operator from the judgement
criteria issuance means, selects the optimum seek speed and disk
rotation speed by the speed selection means, and switches the

seek speed and disk rotation speed to the selected optimum speeds

by the speed switching means.

4. The recording/playback apparatus of Claim 3 wherein

the judgement criteria are based on the assumption that the
continuity of continuous data is maintained,

include a predetermined time which restricts the frequency
of switching of the disk rotation speed, and

give priority to a highly expected speed in the seek speeds
or disk rotation speeds, in accordance with the performance

desired by the operator of the recording/playback apparatus.

5. The recording/playback apparatus of Claim 3 wherein
the upper control unit further comprises an expected time
information issuance means for issuing an expected time together

with the composite command to the disk device, and
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the expected time is a time which is obtained by expecting a
lapsed time from when the upper control unit issues the composite
command by the composite command means to when the virtual
command of the composite command is issued as the real processing

command.

6. The recording/playback apparatus of Claim 3 wherein

the upper control unit further comprises an expected time
information issuance means for issuing an expected time and an
expected command issuance interval together with the composite
command to the disk device,

the expected time is a time which is obtained by expecting a
lapsed time from when the upper control unit issues the composite
command by the composite command means to when the virtual
command of the composite command is issued as the real processing
command,

the expected command issuance interval is an interval which
is obtained by expecting a command issuance interval at which
plural commands are issued after the composite command is issued,

when the expected command issuance interval is one in which,
during a set time which is set sufficiently longer than the
predetermined time included in the judgement criteria, first
expected command intervals that are approximately equal intervals
are continued and thereafter second expected intervals that are

approximately equal intervals, which are different from the first
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expected command intervals, are continued, the expected time
information issuance means issues the first expected interval,
the second expected command interval, and an expected change time
at which the command interval is expected to change from the
first expected command interval to the second expected command
interval, as well as the composite command and the expected time,
to the disk device, and,

when the expected command issuance interval is one in which
the first expected command intervals are continued during the set
time, the expected time information issuance means issues the
first expected command interval, the second expected command
interval having the same value as the first expected command
interval, and the expected change time having the same value as
the set time, as well as the composite command and the expected

time, to the disk device.

7. The recording/playback apparatus of Claim 6 wherein

the disk device performs a process corresponding to the real
processing command and a process corresponding to the virtual
command while switching at least either of the seek speed and the
disk rotation speed on the basis of the judgement criterisa,
processing speed information of the disk device itself, the
expected time, the first expected command interval, the second

expected command interval, and the expected change time.
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8. The recording/playback apparatus of Claim 7 wherein
the upper control unit calculates the expected time, or the
first expected command interval, the second expected command
interval, and the expected change time, on the basis of a
processing content of continuous data controlled by the upper
control unit itself, a speed at which the continuous data are
processed in a memory that is connected to the upper control unit

and temporarily stores the continuous data, and processing speed

information of the disk device.

9. The recording/playback apparatus of Claim 2 wherein

the virtual command reception means performs the process
corresponding to the virtual command while switching the seek
speed or the disk rotation speed,

the disk device issues a response to the upper control unit
at the point of time when each process is completed in the
process corresponding to the virtual command, and

the upper control unit is provided with a response-to-

virtual-command obtaining means for obtaining the response.

10. The recording/playback apparatus of Claim 9 wherein,

in the process corresponding to the virtual command, when
the virtual command includes reading of address and data,

the disk device performs reading after seeking to the

address, stores the data in the memory installed in the disk
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11. The recording/playback apparatus of Claim 9 wherein,

in the process corresponding to the virtual command, when
the virtual command includes writing of address and data,
the disk device issues a response to the upper control unit

after seeking to the address, requires data to be written, stores

the data to be written, which are transmitted from the upper

control unit in response to the requirement, in the memory

installed in the disk device, and goes into a standby state.

12. The recording/playback apparatus of Claim 10 or 11 wherein,
in the process corresponding to the virtual command, when

data to be written are stored in the memory installed in the disk
device, an approximately whole capacity of the memory is used
leaving a capacity required for a minimum process such as error
correction, and, when data to be written are stored, the data to
be written are stored upon maintaining a minimum quantity which
can be read at high speed by the disk device, in the memory, as a

free capacity.

13. The recording/playback apparatus of Claim 3 wherein
the disk device stores an operation speed of the disk device

itself, an operation switching speed, information concerning
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power consumption, and the like in the disk type recording medium
or in an nonvolatile memory which is installed in the disk device,
in a predetermined format, and

the upper control unit obtains the information as required
at start-up or the like of the recording/playback apparatus, and
creates the appropriate judgement criteria, thereby controlling

the disk device.



