RECORDING APPARATUS CROSS REFERENCES TO RELATED
APPLICATIONS [0001] The present document contains subject matter
related to Japanese Patent Application JP 2005-114999 filed in the
Japanese Patent office on April 12, 2005, the entire contents of which
being incorporated herein by reference. BACKGROUND OF THE
INVENTION [0002] 1. Field of the Invention [0003] The present invention
relates to a recording apparatus for recording data by using a head
scheduling process. [0004] 2. Description of Related Art [0005] Storage
of a large capacity such asBHODRRINGpAGHARBTY Are used nowadays as
devices for recording moving images and audio data in consumer AV
equipment. A PC, which accesses a large capacity storage and executes
p?oczsses suh %%Sdﬁgﬁ}%%%ﬁé%ﬁ& , i%%éqﬁi[ré&%r‘& 'r%@ﬁgg%%oﬁﬁmber of

prdéessedl commands or data traffic per unit time. However, much

aitention fyas nol.paid fo, yaralienJn lnese number and amount The .,
data traffic Is calculated as an average value in a reﬁatwelyﬁong 1

to Japanese Patent Application JP 2005~1143%8% filed in
the Japanese Patent Office on April 12, 2005, the entire

contents of which being incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002)]
1. Field of the Invention
[0003]

The present invention relates to a recording
apparatus for recerding data by using a head scheduling
process.

10004]
2. Description of Related Art
[0005]

Storage of a large capacity such as HDD and optical
discs are used nowadays as devices for recording moving
images and audio data in consumer AV egquipment. A PC,
which accesses & large capacity storage and executes
processes such as data recording, is reguired to increase
the number of processed commands or data traffic per unit
time. However, much attention has not paid to a
variation in these number and amount. The data traffic

is calculated as an average value in a relatively long



time. [0006] Performance (specifications) including data traffic of
consumer AV equipment such as digital cameras and video cameras is
not required to be much higher than that of HDD. For example, a data
rate of consumer equipment is about 25 Mbit/sec even if standard
MPEG?2 is used for recording High Definition (HD) data, and this data rate
is not so high from the viewpoint of an HDD transfer rate exceeding 10
Mbit/sec. [0007] However, a small diameter HDD is adopted recently as
recording media of compact portable consumer AV equipment such as
videbB'€ameras and digital cameras. Generally, this small diameter HDD
hag@l[?é/\fr data transfer rate than those of HDD having a disk diameter
of 3.5 Inches and HDD having a disk diameter of 2.5 inches, and can not

meet suffieiepdyrthadequisgaents of highimage, quality, Leed NG rafric
Further, in HDD, since the transfer rate drops (is lowered) generally in a
digiinfFrer seraumfctendal arexniore thamin didisk olteravircamienential

arga £Qr example, problems may occur in_ some cases, sych as
stoppage o??‘rﬁaé%s%%dné}rt?dige térglgirir?é) S?aﬁ/iﬁnéi %%c?%l & and ARbitR7 -
of s€camiing images:duing data aecording: I heseqeroblems arg sasiQust
about using consumer AV equipment employing HDD as a storage.

Furthéhitste, tive Yahkfeigate beBoadurhbprpNard MPEG2 is used for

recording High Definition (HD) data, and this data rate
is not so high from the viewpcint of an HDD transfer rate
exceeding 10 Mbit/sec.
(00071

Heowever, a small diameter HDD is adopted recently as
recording media of compact portable consumer AV equipment
such as video cameras and digital cameras. Generally,
this small diameter HDD has a lower data transfer rate
than those of HDD having a disk diameter of 3.5 inches
and HDD having a disk diameter of 2.5 inches, and can not
meet sufficiently the requirements of high image quality
recording. Further, in HDD, since the transfer rate
drops (is lowered) generally in a disk inner
circumferential area more than in a disk outer
circumferential area. For example, problems may cccur in
some cases, such as stoppage of images and audio data
during playving back data.and inability of recording
images during data recording. These problems are serious
about using consumer AV eqguipment employing HDD as a

storage. Furthermore, the transfer rate of consumer AV



2 equipment is lower further because of a retry process and the like to be
executed due to a seek error of a head mounted on HDD or an error in
read data. [0008] The first problem of a lowered data transfer rate can be
avoided by setting consumer AV equipment to neglect errors of AV data
and the like allowed to have low data reliability, by setting an. upper limit
of a command process time, or the like. For example, in Streaming
Feature Set, AV command of ATA-7, a process time of each command
can be designated directly. [0009] However, how a designated command

is execipedraliess completely tiponra starageetypicallydbb; serihet #ts and
cannot guarantee whether data js correctly written/read in/from the disk.

An ‘Gt ulrehte e diferesF SEHR potferhC of tis §fp & istderydbwanhead
pragticakwsags, [RBA0} The second problem) sugh as a seek error has a

higher occurrence frequency than that of the first problem and is more
seri@¥$ 84s a solution method for this problem, a process of devising a
physical LFXOUE:_O]C files ha}éb reen pr?gosed, and many researches have

been conducted: [001EF ForekaRipld, 8 prépoSed file $ydtanta davite
of elispesing velated data st physigally, ReaHYPRSIIONS ISment to

neglect errors of AV data and the like allowed to have
low data reliability, by setting an upper limit of a
command process time, or the like. For example, in
Streaming Feature Set, AV command of ATA-7, a process
time of each command can be designated directly.
(00093

However, how a designated command 1s executed relies
completely upon a storage, typically HDD, so that it
cannot guarantee whether data is correctly writt@n/r@ad.
in/from the disk. An occurrence fregquency of the problem
of this type is very low in practical usage.
[00101 |

The second problém such as a seek error has a higher
occurrence frequency than that of the first problem and
i3 more sericus. As a sclution method for this problem,
a process of devising a physical layout Qf files has been
proposed, and many researches have been conducted.
f0011]

For example, in a proposed file system, a device of
disposing related data at physically nearby positions is

realized in a logical block address (LBA) space by



realized in a logical block address (LBA) space by 3 utilizing data locality.
As a file physical layout method, a method (hereinafter called a head
scheduling process) has been proposed, as in Fig. 13, by which a low
transfer rate area and a high transfer rate area are used in combination
although a seek operation is performed frequently in order to guarantee a
minimum seek time. [0012] The recent spread of PCs and digital cameras
makes it general to edit images taken with imaging apparatus. If a
magnetic tape is used as media for storing photographed data, it takes
verytlbhgime tozead Uata 1fram. theamagnetic éapa: te teansfer the:read
data to PC and to search desired images. This problem results in an

infERGPGGick TeBFGRSE It ReHRdddiRdd fRide fIDD has thediassiimiating
apparatus heeause HOD has an excellant quick response, and, %g;l%]a low

advantages in terms of data fransfer rate and random access.
Data zeedried-iatdDBrisanandgedibygtising anfiléesystetr sueb Assa EATsed

and it becomes necessary to record file management information

incllding réRsR° ThidhhatBA FA TSRS AR AL 58 ud8ddeF datred
reading;imaddition tg.awrite 9peration, ot.ahqtographed data. jitself, For

example, in a case of a FAT file system as a general file system, file

mdi&gerhent information is

The recent spread of PCs and digital cameras makes
it general to edit images taken with imaging apparatus.
If a magnetic tape is used as media for storing
photographed data, it takes very long time to read data
from the magnetic tape, to transfer the read data to PC
and to search desired images. This prcblem results in an
inferior guick response. It is thus desired to use HDD
as media of imaging apparatus, because HDD has an
excellent quick response and falr advantages in terms of
data transfer rate and random access.

[0013]

Data recorded in HDD is managed by using a file
system such as a FAT, and it becomes necessary to record
file management information including directory
information, FAT information to be used for data reading
in addition to a write operation of photcgraphed data
itself. For example, in a case of a FAT file system as a
general file system, file management informaticn is
recorded in a predetermined area of HDD before a

recording operation for photographed data and after the



recorded in a predetermined area of HDD before a recording operation
for photographed data and after the 4 recording operation. If file
management information is not written, data reading is impossible. [0014]
Imaging apparatus such as a video camera is a system for recording
long-time photographed data. If HDD is used with the apparatus of this
type and a power shutdown of the apparatus occurs, for example, by
dropping the apparatus during photographing (recording) an object, the
file management information cannot be written, so that all data
photograghed uprtortiat ime isIDSE {00 16 Naraekn if the filemation is
management information is not, recarded because_of the power shutdown,
thé'BhotBotapRBa Al it By ditinhTRMRIEE & file, and the
reqarded; image file without the file management information cannot be
read. In a case where a magnetic tape is used for recording, even if
power shimtdewnofaryidea vamerriocttirs dufing photographing, datas tem
im%nediatel O?gtore the power shutdown can_be retained. [OOl((SSJ In order
p

to solve'the above deSeibed ProBIRRTS & ThaRdd s beer préposed by
whiek dile.management, ifermation isypdated.eachdme dataels shutdown
recorded. For example, refer to Japanese Patent Application Publication
of the apparatus occurs, for example, by dropping the
apparatus during photographing {recording) an object, the
file management infeormation cannot be written, sco that
all data photographed up tc that time is lost,
[0015]

Namely, if the file management information is not
recorded because of the power shutdown, the photographed
data cannot be distinguished as a file, and the recorded
image file without the file management information cannot
be read. In a case where a magnetic tape is used for
recording, even if power shutdown of a video camera
occurs during photographing, data immediately before the
power shutdown can be retained.

[001e6]

In order to solve the above~described problems, a
method has been proposed by which file management
information is updated each time data is recorded. For

example, refer to Japanese Patent Applicaticn Publication

(KOKAL) No. 2003-308925.

SUMMARY OF THE INVENTION



(KOKAI) No. 2003-30925. SUMMARY OF THE INVENTION 5 [0017]
However, the above-described method requires, because file
management information is actually written, a seek time taken to move a
head to a target sector, a disk rotation wait time, a data recording time, a
seek time taken to return again to the record area after write completion
of the file management information. Since these times are required each
time photographed data is recorded in HDD, an effective data transfer
rate lowers more than when a data protection process, in which file
malidgehhent information is updated each time data is recorded, is not
executed, so that requirements of high image quality recording such as

u
HD cannotBE &t a?cglia. [OULE TR e o AR R84 to%he disk
inngscglieumigrentiab areafrom the,diskoutergirqumierential arga @, o,

physical moving distance (seek time) to a write position of file
mén&fatiehiiifoiadton. for dare protectibntecomes dengers sodhat the

tranfggcr rgé%algwgés further because %f this moving operation, resultln%llg

problems SUch a8 indbility &f ifidgé r&ebrdihg Tty dataTetording S Thi
preblesn eise0cedrs whema data rapsfenyate-is-gyaranteed bythe head,

scheduling process, so that it is difficult to
completion of the file management information. Since
these times are required each time photographed data is
recorded in HDD, an effective data transfer rate lowers
more than when a data protection process, in which file
management information is updated each time data is
recorded, is ﬁot executed, 80 that requirements of high
image quality recording such as HD cannot be met at all.
[0018]

If the file record area moves to the disk inner
circumferential area from the disk ocuter circumferential
area, a physical moving distance (seek fime) to a write
position of file management information for data
protection becomes longer, so that the transfer rate
lowers further because of this moving operation,
resulting in problems such as inability of image
recording during data recording. This problem also
occurs when a data transfer rate is guaranteed by the
head scheduling process, so that it is difficult to
satisfy both a data transfer rate guarantee and file
protection.

[Q019]
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satisfy both a data transfer rate guarantee and file protection. [0019] 6
According to an embodiment of the present, there is provided a recording
apparatus having an optimum combination of a head scheduling process
guaranteeing a data transfer rate and a data protection method of 5
solving a file loss problem. [0020] In accordance with a first aspect of the
present invention, there is provided a recording apparatus comprising: a
recording medium having a data area with an 10 address assigned to

each duster of.apreédetermirredsizencan intérfade upit foragohnettionr o as
host apparatus; writing means for writing data supplied from said host

CHSEFARES \ia SATCHA(SHAGe UM the dalf r8a%rBaid Tecathg
JBRAHILACSESS, 9%”%%%&9"&%@%%%‘?58 13 diiding the datg area.qf,

said recording medium into a plurality of areas each having an optional
ata capaeibs eand-whendada is to:be wiitten cdecidingran ersier of
accessing the plurality of divided areas from said writing means; timing
deciding naedrislfor degidingra204iming when file information on written
data is to be updated, in accordance with the access order decided by
SHid Becess order deciding means; control means for controlling said

writingrmeans when-data.supplied #0M.+ aspect of the present

invention, there is provided a recording apparatus
comprising: a recording medium having a data area with an
address assigned to each cluster of a predetermined size;
an interface unit for connection to a host apparatus;
writing means for writing data supplied from said host
apparatus via said interface unit in the data area of
said recording medium; access order deciding means for
dividing the data area of said recording medium into a
plurality of areas each having an optional data capacity,
and when data is to be written, deciding an order of
accessing the plurality of divided areas from saild
writing means; timing deciding means for deciding a
timing when file information on written data 1s to be
updated, in accordance with the access order decided by
said access corder deciding means; control means for
controlling said writing means when data supplied from
the host apparatus via said interface unit is to be
written in the data area of said recording medium, to

access a plurality of divided areas in accordance with



N

the host apparatus via said interface unit is to be 25 written in the data
area of said recording medium, to access a plurality of divided areas in
accordance with 7 the access order decided by said access order
deciding means, to search an empty cluster in the accessed area, and to
write data in the searched empty cluster; and file information updating
means for updating the file 5 information on already written data in
accordance with the timing decided by said timing deciding means. 7a
goR14cirraccordance With alsstond aspett afthegsresantEiny ertior tidre
is provided a recording apparatus comgrising; a recording medium having

TS GAtyared Wittfan s abdfés. absigned'tieath chitePorE 58S area,
Aradetermined size;, an interface far.connestion to 8 hostapRArAtU/ A £i1e
writing unit for writing data supplied from said host "apparatus via said
interface in the datsareapfisaicth recarding-medilng arhaccessorder
deciding unit for 10 dividing the data area of said recording medium into a
ipldralifiestiareas eath Favihg aif opfichal tald capacity=@rdiwRen datds
o be written, deciding an order of accessing the plyrality of divided areas
'Tl(r%o@m %ﬂalfﬂdl 1'\}\g‘jritlcr%culr:c}% % t}lanlfin%adle%id’lrjigrgjn uh féiseé:elcél{d’lrﬁay amffﬁrshing when
file information on written data is to be updated, in accordance with the
access order decided by

Ta
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said access order deciding unit; a controller for controlling said writing
unit when data supplied from the host apparatus via said interface is to be
written in the 20 data area of said recording medium, to access a plurality
of divided areas in accordance with the access order decided by said
access order deciding unit, to search an empty cluster in the accessed
area, and to write data in the searched empty cluster; and a file

iBf(z% ation 25 updating unit for updating the file information on already
[\NH data in accordance with the timing decided by said timing deciding

unit. 8-According 49 .example gmbodiments. datads written-by. combhining a
head scheduling process for guaranteeing a data transfer rate during data
iwriting:and a data rerotectiongprocess for peotectingrdatafromaatfile loss 5

to be caused by a power shutdown or the like during data writing. It is
FRBFSfrRlEGEsIBle 16 ANAiZE a Fstiuetion Y tHedd atadrarsférirate Hinfhg 27

data writing_and suppress a data amaount to be deleted by the power . _ .
PRt 27 e o T i 10 BRIEE DECCRIPTION G e =

LRAWINGS Q022 Fighchisablogk diagram-shawingg-dafaus; a
transmission/reception system according to an embodiment 15 of the
waresemtgnuentionfor writing data supplied from said host
apparatus via said interface in the data area of said
recording medium; an access order deciding unit for
dividing the data area of sald reccrding medium into a
plurality of areas each having an opticnal data capacity,
and when data is to be written, deciding an order of
accessing the plurality of divided areas from said
writing unit; & timing deciding unit for deciding a
timing when file information on written data is to be
updated, in accordance with the access order decided by
sald access order deciding unit; a controller for
controlling said writing unit when data supplied from the
host apparatus via said interface is to be written in the
data area of saild recording medium, to access a plurality
of divided areas in accordance with the access order
decided by said access order deciding unit, to search an
empty cluster in the accessed area, and to write data in
the searched empty cluster; and a file information
updating unit for updating the file information on
already written data in accordance with the timing

decided by saild timing deciding unit.
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[0023] Fig. 2 is a schematic diagram showing an LBA space in an
address space as viewed from a host apparatus. Be [0024) Fig. 3is a
diagram illustrating meaning of each identification information. [0025]
Fig. 4 is a diagram showing a structure of a directory area. [0026] Fig. 5
is a diagram illustrating an example of the numbers of sectors contained
in tracks of a recording medium, [0027) Fig. 6 is a schematic diagram

showing an example of a recording area of a recording medium divi%e%
. £ 1 1 lt b
into foﬂu% Cé:)r%g(%? féjogg) éf—}i& Yisa %ﬁ“}g?gﬁwn%lf gfﬁlaﬁ?%gadét% \7vqu;t|ng © Y

“when ra hestapparatushasa dirgetopr-decision fight gnd sshA T cdegisign
right. [0029] Fig. 8 is a diagram for explaining data writing when a host
dapparatustraSa directeryldedisiondight andid recording appiratus has a
FAT decision right. [0030% ' . _ .
protection process for protecting data from a file loss
To be caused by a power shutdown or the like during data
writing. It is therefore possible to minimize a
reduction in the data transfer rate during data writing

and suppress a data amount to be deleted by the power

shutdewn or the like to the minimum.

BRIEF DESCRIPTICN CF THE DRAWINGS
[0022]

#ig. 1 1s a block diagram showing a data
transmission/reception system according to an embodiment
of the present invention.

00237
Fig. 2 is a schematic diagram showing an LBA space

in an address space as viewed from a host apparatus.

Ba



Fig. 9 is a time chart for explaining an operation of the data
transmission/reception system at the time of executing a data write
process. [0031) 9 Fig. 10 is a diagram showing a relation between a basic
sequence and a data protection process. [0032] Fig. 11 is a diagram
showing an example of a Rec command. [0033] Fig. 12 is a diagram
showing an example of a status command. [0034] Fig. 13 is a diagram
showing an example of a head scheduling process. DESCRIPTION OF
THE EMBODIMENTS (0035] An embodiment adopting the present
invenhtign will be described hereunder in detail with reference to the
accompaniing drawings. In the embodiment, the present invention is

applied td a%ata trahsmiSsisHiAStebtibh® 5y &Lt helGdng e hest sach

appaatus and-a data reeyding ;apparatus having at least a rotary
recording medium such as a hard disk and a rewritable optical disc, and

thel Hata transmission/reception system can guarantee a data transfer
rate even}?’:]:.éherg Ias,sa gegya%%%ﬁdsg%ging a structure of a
directory area.
[0026]

Fig. 5 is a diagram illustrating an example of the
numbers of sectors contained in tracks of a recording
medium,

[0627]

Fig. 6 is a schematic diagram showing an example of
a recording area of a recording medium divided into four
areas.

(06281

Fig. 7 1s a diagram for explaining data writing when
a host apparatus has a directory decision right and a FAT
decisieon right.

[0029]

Fig. 8 is a diagram for explaining data writing when
a host apparatus has a directory decision right and a
recording apparatus has a FAT decision right.

[0C30]

Fig. 9 is a time chart for explaining an operation
of the data transmission/reception system at the time of
executing a data write process.

[0031]



rotation wait time and a seek operation when accessing data recorded in
the rotary recording medium. The data transmission/reception system of
the embodiment adopts a file system for managing all data including AV
data and 10 the like, as files. In this embodiment, a data transfer time
includes a moving time including a head seek operation time and a disk
rotation wait 'time, and a data writing time taken to actually write data. A
data transfer rate is obtained by dividing transfer data by the data
transfer time. [0036] In the description of this embodiment, although the
data recétding apparatas desca amaghetici recoading Imedium bsucteas a
h%d disk, other recording medium such as an optical disc including a CD
and’§ DVOTHEY A BEUsed aFadditioh CineemBoamfiaft describes a
casgawbere a hard disk apparatus (HDD) is adopted as the recording
medium and an MS-DOS compatible FAT file system is adopted as the
file systefitdthelfile Systerdisaotdimitecvdmnly te nthex8DOS tompatible
F%T%%ggstem, but any other systems may be applicable so long as the
sys?ems manage data as files. [0037] Fig. 1 is a block diagram showing
a gdatm 3nransmission/reception system according to the embodiment. As

shown in Fig. 1, the data transmission/reception
Fig. 12 is a diagram showing an example of a status

command.
[0034]
Fig. 13 is a diagram showing an example of a head

scheduling process.

DESCRIPTION OF THE EMBODIMENTS
[0035]

An embodiment adopting the present invention will be
described hereunder in detail with reference to the
accompanying drawings. In the embodiment, the present
invention is applied to a data transmission/reception
system including a host apparatus and a data recording
apparatus having at least a rotary recording medium such
as a hard disk and a rewritable optical disc, and the
data transmission/reception system can guaréntee a data
transfer rate even if there is a delay caused by a
rotation wait time and a seek operationi when accessing
data recorded in the rotary recording medium. The data
transmission/reception system of the embodiment adopts a

file system for managing all data including AV data and

10



system 1 is configured by a host apparatus 4 such as a PC and an AV
apparatus and a recording apparatus 2 having a recording medium 20 in
which data is to be written, respectively interconnected by an interface 3
such as Integrated Drive Electronics (IDE), Small Computer System 11
Interface (SCSI), Fibre Channel (FC) and Universal Serial Bus (USB).
[0038] As shown in Fig. 1, the recording apparatus 2 has: a head unit 21,
a head drive unit 22; a recording medium drive unit 23; a servo control
unit 24; a read/write channel unit 25; a buffer memory 26; a control unit

- 28tle calckratiGreulit [EPU) 29; acmiemenk3d {:aadgn inteHaae teemsde r
unjt,31. The head unit 21 writes data in the recording medium 20 and

readSthe Wit dat. FRENEad ‘Bve-Ghit 23 e theeatakit 21
whan-ageessing the recording:mediym 20; The recording mediym driye,

unit 23 drives the recording medium 20 in a predetermined direction at a
prédétetminad retatiolhspeed. Aheusérvp eontrel writ24 contrds the head

drive uni%22 and the, rec%rdin medium drive_unit 23. The read/write
Cransfe L

channer unit 25 exetiited s Jrgé‘ﬁgte}?%iﬁiéc‘f brocks foreippliedadata he

buffer memory 26ns fek-tempgararily buffering data. The control unit 28
controls the read/write channel unit 25. The calculation unit (CPU) 29

perfttafsl predetermined calculations and sets necessary commands

In the description of this embodiment, although the
data recording apparatus has a magnetic recording medium
such as a hard disk, other recording medium such as an
optical disc including a CD and a DVD may also be used.
In addition, the embodiment describes a case where a hard
disk apparatus (HDD) is adopted as the recording medium
and an MS-DO5 compatible FAT file system is adopted as
the file system, the file system is not limited only to
the MS-DOS compatible FAT file system, but any other
systems may be applicable so long as the systems manage
data as files.

[0037]

Fig. 1 is a block diagram showing a data
transmission/reception system according to the embodiment.
As shown in Fig. 1, the data transmission/reception
system 1 is configured by a host apparatus 4 such as a PC
and an AV apparatus and a recording apparatus 2 having a
recording medium 20 in which data is to be written,
respectively interconnected by an interface 3 such as

Integrated Drive Electronics (IDE), Small Computer System

11



and parameters to the servo control unit 24, read/write unit 25 and the

like to operate these units. The memory 30 is used for calculations and

the like by the CPU 29. The interface control unit 31 is for
transmission/reception of data, control information and the like to/from the
host apparatus 4. 12 (0039] The recording medium 20 is managed by a
File Allocation Table (FAT) file system to be described later, and is
constituted of a disk recording medium such as a hard disk (HD) having
user data areas (hereinafter called user areas UA) each assigned an
addrdgs: (lrereindfte? Iealléd axphySicalraeldré §5) )petrat [asdtv@rsal Serial
pr%determined data size (cluster). [0040] A nonvolatile _solid state

merﬁ%ry( E?Brﬁay further be provided to constitute a hybrid recording
appasatgig collectively using the recording medium 20 and the nonvolatile
solid state memory 27 as a data recording area. The nonvolatile solid

state meffory Zmairbé isedlas theactre fordémponariystonng datas: a

supplied from the haost apparatus 4 or for storing programs to be used for
ap%%?gtu%n&c%iv% ibné%%pagcgﬁ%ro}é’fﬁeus%ﬁa étét’e r%e?ﬁg&?/r%“rg, fopdum

exarmple, anNAND; typesftlasiomesnenngang (Memory Stick-(Registesed
Trademark), Compact Flash (Registered Trademark), SD Card
(R%%%ﬁ@ﬁ%j?ﬁ%ﬂﬂ%éﬂ@? buffer memory 26; a control unit 28; a

calculation unit (CPU) 29; a memory 30 ; and an interface
control unit 31. The head unit 21 writes data in the
recording medium 20 and reads the written data. The head
drive unit 22 drives the head unit 21 when accessing the
recording medium 20. The recording medium drive unit 23
drives the recording medium 20 in a predetermined
direction at a predetermined rotation speed. The servo
control unit 24 controls the head drive unit 22 and the
recording medium drive unit 23. The read/write channel
unit 25 executes a predetermined process for supplied
data. The buffer memory 26 is for temporarily buffering
data. The control unit 28 contrels the read/write
channel unit 25. The calculation unit (CPU) 29 performs
predetermined calculations and sets necessary commands
and parameters to the servo control unit 24, read/write
unit 25 and the like to operate these units. The memory
30 is used for calculations and the like by the CPU 23,
The interface control unit 31 is for
transmission/reception of data, contrel information and

the like to/from the host apparatus 4.

12



and etc.) adopting a FAT system, and has data areas assigned a series
of addresses (hereinafter called memory addresses) per a predetermined
data size (page). [0041] If the recording medium 20 is a magnetic
recording medium such as HD, the head unit 21 is constituted of a
magnetic head having a magnetosensitive element for 13 detecting a
magnetic field signal from the recording medium 20 by utilizing so-called
magnetoresistive effects of changing a resistance value in accordance
with an intensity and direction of an external magnetic field. [0042] The
head@ @ik unit 22 controls the operation of the head unit 21 under control
by the se%\é%control ynit 24. [0043] The recording medium control unit 23

controls t0" fotats HE 1eSbriy Bdfim 20 BEE H&deB¥nfinéd Yotation

speed snder sontioh by theserva-controlynit24, J0944L The serve control
unit 24 controls the recording medium drive unit 23 in order to rotate the

recording® raediind 20tah pledetdrminetedivectioratrtheipredeterimineda

rotation speed, contrals the head unit 21 in order to access the
ret(%lrtrj?ng@rln%{diuarggiogé ‘é“ﬁ?edlestgfm?jrﬁée%apgfiﬁgﬁ.[ gEinatter called

user areas UA) each assigned an address (hereinafter
called a physical address) per at least a predetermined
data size (cluster).

[0040]

A nonvolatile solid state memory 27 may further be
provided to constitute a hybrid recording apparatus
cellectively using the recording medium 20 and the
nenvolatile solid state memory 27 as a data recording
area. The nonvolatile solid state memory 27 may be used
ag a cache for temporarily storing data supplied from the
host apparatus 4 or for storing programs to be used for
apparatus activation. The nonvolatile selid state memory
27 1s, for example, an NAND type flash memory card
(Memory Stick (Registered Trademark), Compact Flash
(Registered Trademark), SD Card (Registered Trademark},
and atc.) adopting a FAT systém, and has data areas
assigned a series of addresses (hereinafter called memory
addresses) per a predetermined data size (page).

[0C41]
If the recording medium 20 is a magnetic recording
‘medium such as HD, the head unit 21 is constituted of a

magnetic head having a magnetosensitive element for
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The read/write channel unit 25 encodes (modulates) supplied data for a
data write operation to convert the data into a digital bit train suitable for
the characteristics of a recording/reproducing system, and supplies the
converted data to the head unit 21. The read/write channel unit 25 also
removes high frequency noises from a reproduction signal supplied from
the head unit 21 for a data read operation and thereafter, 14 digitalizes
the reproduction signal at an analog-digital converter (ADC), and
performs a predetermined process by using a maximum likelihood
dededmgtrimathed mrdhe tike td irehidize demadulation t[09463cUndeng
contrgl, by the control unit 28, the buffer memory 26 temporarily buffers

datS SapPIiéd 1o tie hbst Mhpirafis'4 S5t Radinks df et Withd® 16568 S
dagx whenm # Bredeternined-amount el datg.is huffergd, and supplieg the

read data to the read/write channel unit 25. Under control by the control
unitrg@ nhé thufferdnémory 26otemposarily buffens Hata supplied fromi the
re;%’@{"{%f channel unit 26, at the time of data reading, reads data when
a predetermined amount of data is buffered, and supplies the read data to

the host apparaisls 4viatbeuinterfage coptrobunit 3le Thehuffarmesiony e
26 is used for temporarily buffering data to prevent the performance from

benigfoweidd By avdlifferericebavedtytransfet ¢ates, control unit 24.
[0043]

The recording medium control unit 23 controls to
rotate the_recording medium 2C at a predetermined
rotation speed under control by the servo control unit 24.
[0044)

The servo control unit 24 controls the recording
mediuvm drive unit 23 in order to rotate the recording
medium 20 in a predetermined direction at the
predetermined rotation speed, and controls the head unit
2l in crder to access the recording medium 20 at a
predetermined position.

[0045]

The read/write channel unit 25 encodes {modulates)
supplied data for a data write operation to convert the
data into a digital bit train suitable for the
characteristics of a recording/reproducing system, and
supplies the converted data to the head unit 21. The
read/write channel unit 25 also removes high freguency
noises from a reproduction signal supplied from the head

unit 21 for a data read operation and thereafter,
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for data reading/writing. [0047] The control unit 28 has functions of
access order deciding means and timing deciding means. The control

unit 28 manages data transmission/reception between the buffer memory
26 and read/write channel unit 25 by the FAT file system to be described
later, and executes a process regarding a data format. When this process
IS executed, the control unit 28 also executes a process 15 regarding
error detection and error correction by using error correction codes. The
control unit 28 also executes a process of assigning a logical sector
numbet tENEewhichedetgrmines: theowrisd @rdar efiveting ala supplieta 1
from the host ap(paratus 4 into the recording medium 20 and the

nofVoIfifetSdiid' 8te méndry 27 £ I6BASPTRES Foet apPArftsRFRES ah Y
int%réa%cgnHQk&!ﬁ\MQI%@%ﬁ@&@ﬁ%@@é&@é%%@@%&e@i@@ e to

recording apparatus 2 via the interface 3, a CPU 42 for executing a
pregetérmmediraldulaionoprocess and a memory 41 to be used for
calafg@%igps and the like by the CPU 42. The host apparatus 4 is, for
example,’an application apparatus such as a video camera, a digital

camera amgkR Musis prYerfor efficientlyexeculingazs, the buffrer
recording/reproducing process by positively utilizing the advantages of

thenRRordingbappazegepily buffers data supplied from the host

apparatus 4, at the time of data writing, reads data when
a predetermined amount of data is buffered, and supplies
the read data to the read/write channel unit 25. Under
control by ﬁhe control unit 28, the buffer memory 26
temporarily buffers data supplied from the read/write
channel unit 26, at the time of data reading, reads data
when a predetermined amount of data is buffered, and
supplies the read data to the host apparatus 4 via the
interface control unit 31. The buffer memory 26 is used
for temporarily buffering data to prevent the performance
fxom,being lowered by a difference between transfer rates,
for data reading/writing.

[0047]

The contrel unit 28 has functions of access order
deciding means and timing deciding means. The control
unit 28 manages data transmission/reception between the
buffer memecry 26 and read/write channel unit 25 by the
FAT file system tc be described later, and executes a
process regarding’a data format. When this process is

executed, the control unit 28 alsc executes a process
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[0049] The CPU 42 uploads each data stored in a boot area, a FAT area
and a directory area to the memory 41, the data being management data
stored in a system area of the recording medium 20, and transmits
various commands obtained through parameter settings on the basis of
the uploaded data, to the recording apparatus 4. [0050] Next, a data
management method of the embodiment will be described. Data to be
recorded in the recording 16 medium 20 is managed in different address
spaces by the host apparatus 4 and the recording apparatus 2,
respeetivainFigr2 isa didgreim showing an:dBA spacecwhich isyamsing
address space viewed from the host apparatus a [0051) The minimum

unit of data racSTalng Bf i Fécording’ appaFdtas 2R aledy 4 588tor
usealbenawpgA size-als 512:0Wes 1 [he fecarding, apparalus & Managss-

the record area of the recording medium 20 on the basis of a sector unit

by (sl threedterdsta phisical bddress teplysieal séctor nuimgerdand a
is constituted of three items:

logical sector number. Th sical address |
R R R R B et AT AbSPoTHE B GALE

a surface number. a track numier
segitaf i nUMber is.seguentialyy Bumbered from anauter clsupigrential
area to an inner circumferential area of
(0048}
The host apparatus 4 has an interface control unit
40 for data transmission/reception relative to the
recording apparatus 2 via the interface 3, a CPU 42 for
executing a predetermined calculation process and a
memory 41 to be used for calculatiocns and the like by the
CPU 42. The host apparatus 4 is, for example, an
application apparatus such as a video camera, a digital
camera and a music player for efficiently executing a
recording/reproducing process by pesitively utilizing the
advantages of the recording apparatus 2.
[0048]
The CPU 42 uploads each data stored in a boot area,
a FAT area and a directory area to the memory 41, the
data being management data stored in a system area of.the
recording medium 20, and transmits various commands
obtained through parameter settings on the basis of the
uploaded déta, to the recording apparatus 4.
[C050]
Next, a data management method of the embodiment

will be described. Data to be recorded in the recording
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the recording medium 20. The logical sector number is an address
assigned to a defective sector unable to be written/read, by a reallocation
process. [0052) The host apparatus 4 accesses the recording medium

20 by using not the logical sector number but a logical block address
(LBA). The file system for managing files uses one cluster constituted of a
plurality of (N) sectors as the minimum unit of reading/writing. In the
following description, it is assumed that N = 16 and one cluster is 8
Kbytes. Therefore, the cluster number is 17 obtained by simply dividing
LBreby e [0D53] Indhiscembodindedtf aneadcesssizea is st pastitiytadyie
for AV data. In the following, this size is called a super cluster. One super

CIUSTE s TRRTRIRE of APtuldiify bPEREERaR R R Mulfiple of a
clusien el thenresent inyentions a:supel Llustes s, ek o haveSixtesn
clusters (128 Kbytes). An address of a super cluster is one sixteenth of
the'ehsterisumberdiies s heradecimial wepreSemtativre withsthedaskoné us
digjt being deleted. [0054] The record area of the recording medium 20 is
divided into three areas: a system area for the recording apparatus 2, a
systems area SA and a user area UA, and

The minimum unit of data recording of the recording
apparatus 2 is called a sector usually having a size of
512 bytes. The recording apparatus 2 manages the record
area of the recording medium 20 on the basis of a sector
unit by using three items: a physical address, a physical
sector number and a logical sector number. The physical
address is constituted of three items: a surface number,
a track number and a sector number. The physical sector
number is seguentially numbered from an outer
circumferential area to an inner circumferential area of
the recording medium 20. The logical sector number is an
address assigned to a defective sector unable toc be
written/read, by a reallocation process.

(00521

The host apparatus 4 accesses the recording medium
20 by using not the logical sector number but a logical
block address (LBA). The file system for managing files
uses one cluster constituted of a plurality of (N)
sectors as the minimum unit of reading/writing. In the
following description, it is assumed that N = 16 and one

cluster is 8 Kbytes. Therefore, the cluster number is

17



only the system area SA and the user area UA are assigned to the LBA
space viewed. from the host apparatus 4 as shown in Fig. 2. [0055] The
system area for the recording apparatus 2 is an area that the host
apparatus 4 cannot access directly, and is an area used in a
predetermined mode, in this case, AV mode. [0056] The system area SA
has an area where a master boot record (MBR) is recorded, an area
where an initial program loader (IPL) which is a program necessary for a
18 system boot, i.e., activation, is recorded and an area where FAT is
recortietndhelviBRLisrd sedtorivhiing LBA bfy Ofas viewed from the host
apo;@[i%t 4, in which bootstrap codes and a partition table are recorded.
[0 rectory items for managing file information and actual data are

written intthe-uses argaddAntha FAL filesysten before,FAL. 32, a root
directory belonged to the system area SA. Each directory item stores a

fileadrme uaaekierision 2ah dtttibute, Ta atbst Updatetime, a tétas clusteris

number, a file s&zeeang: éﬁg Jtirla(e of each director\t/ ffile). 0058] The FAQ’ tod
file System Will nbw be described. ThE FAPST tluster is'constitute

of a plurality of clusters (an integer multiple of a
cluster). In the present invention, a super cluster is
set to have sixteen clusters (128 Kbytes). An address of
a super cluster is one sixteenth of the cluster number,
i.e., & hexadecimal representation with the last one
digit being deleted.

(00541

The record area of the recording medium 20 is
divided into three areas: a system area for the recording
apparatus 2, a system area SA and & user area UA, and
only the system area SA and the user area UA are assigned
to the LBA space viewed from the host apparatus 4 as
shown in Fig. 2.

[0C55]

The system area for the recording apparatus 2 is an
area that the host apparatus 4 cannot access directly,
and is an area used in a predetermined mode, in this case,
AV mode.

[0056]

The system area SA has an area where a master boot

record (MBR) is recorded, an area where an initial

program loader (IPL) which is a program necessary for a
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file system is a file system adopted by an external storage of a host
apparatus such as a personal computer (PC). The external storage
includes, for example, a hard disk drive (HDD) and media using a
nonvolatile solid state memory as a recording medium (Memory Stick
(registered trademark) manufactured by Sony Corporation, SmartMedia
(registered trademark) manufactured by Toshiba Corporation,
CompactFlash (registered trademark) manufactured by SanDisk, Inc.,
multimedia card and the like). [0059] The FAT file system is constituted
of: ssyEAdm reeardjng liek jnfetrnatien ineticating thateathifilera 18located
at which position of the recording medium, and a directory item indicating
a & SEFibEtE ahd & FESHBRT N thE GiréED Y, Swheredthee xveBaALRE of

system whichspapaggs files by using AL is called 8 FAT fle, system.
[0060] As shown in Fig. 2, the systgir%gareg SUA for stoﬁng FA%‘ an§a trap
directtry itend Asfapdhe fodbdirectbly ase eprowitteddanl the recording
medirﬁm 20 in a dedicated manner. The host apparatus 4 receives this

inforation necessary for file access from the recording apparatus 2 via a

PC interface,(Smal Gamputer ysiennintarace (SCH ntegated Drive
Electronics (IDE), IEEE 1394, Universal
actual data are written in the user area UA. In a FAT
file system before FAT 32, a root directory belonged to
the system area SA. Each directory item stores a file
name, an extension, an attribute, a latest update time, a
start cluster number, a file size and the like of each
directory {file).
[0058]

The FAT file system will now be described. The FAT
file system is a file system adopted by an external
storage of a host apparatus such as a personal computer
(PC). The external storage includes, for example, a hard
disk drive (HDD) and media using a nonvolatile sclid
state memory as a recording medium (Memocry Stick
(registered trademark) manufactured by Sony Corporation,
SmartMedia (registered trademark) manufactured by Toshiba
Corporation, CompactFlash {(registered trademark)
manufactured by 8anDisk, Inc., multimedia card and the
like). |
[0059]

The FAT file system is constituted of: a FAT

recording link information indicating that sach file is

19



Serial Bus (USB), etc.), and controls recording/reproducing in accordance
with the received information. [0061] For example, in a case where a file
is to be written in the recording medium 20, the file is divided in a cluster
size, and each divided data is written in the recording medium. The
address of a cluster in which the first data is written is used as a start
cluster address and written in the directory item A, and address
information of each cluster in which other data is written is written in FAT.
Therefore, in a case where a desired file is to be read, the directory item

is Iefeserced to find dhe start addressotthe filec-and 8,30 608RSRONEING a
FAT is read, so that each written data can be read in the write order. By
colGpTy LN réa8Hata thdneé i ompiete aid tHdHeccanBegenpsition

[0062]In.a gase wihere an alirary, lle:is o be deleted, FAT fems, .
corresponding to used clusters are deleted (to change to empty clusters :
leawiinig: thenwmittensd dia assitbig. [0063] AsshDwnein:Rigs 3a predetermined
information such as empty information of the data area is indicated in
FATY By flientification information. For example,

(0060]

As shown in Fig. 2, the system area SA for storing
FAT and a directory item A for the root directory are
provided on the recording medium 20 in a dadicated manner.
The host apparatus 4 receives this information necessary
for file access from the recording apparatus 2 via a PC
interface (Small Computer System Interface (SCSI),
Integrated Drive Electronics (IDE), IEEE 1394, Universal
Serial Bus (USB), etc.), and controls
recording/reproducing in accordance with the received
information.
[0061]

For example, in & case where a file is to be written
in the recording medium 20, the file is divided in a
cluster size, and each divided data is written in the
recording medium. The address of a cluster in which the
first data is written is used as a start cluster address
and written in the directory item A, and address
information of each cluster in which other data is
written is written in FAT. Therefore, in a case where a
desired file is to be read, the directeory item is

referenced to find the start address of the file, and a
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identification information "0000h" indicates that the corresponding cluster
is in an "empty" state, identification information "0002h to FFF6h"
indicates that the corresponding cluster is in an "already assigned" state,
identification information "FFF7h" indicates that the corresponding cluster
is a "defect cluster”, and identification numbers "FFFFh to FFFFh"
indicate that the corresponding cluster is a file end (EOF: End Of File) in
an "already assigned" state. [0064] The data area is constituted of a
directory area for managing file information and a data recording area in
whichr actuabdatads Raittehs Assshiowr in Big: 4, shendikectonsaremisa can
copstituted of information on a file name, an extension, an attribute, a

restvEG AT ATRES), 14 FeCbidSime, B¥eEortPdated atBp (st tidster -
numben(@addeess)and adile size (il lengi) Lespectively, gf each

directory (each file). [0065] Next, a data write method of the embodiment
willBetdéscribed. First, a record area of the recording medium 20 will be
describeg. Super clusters for data writing are disposed from the top of the

user area UA without 1880 hgPahy Epase éxcepting the rb8t BfeEfoty ti8a
angnthe likesTops of sHRakSlstars aredherefore. disposed generally ate .,

an equal pitch as viewed along a
change to empty clusters), leaving the written data as it
is.

[0C63]

As shown in Fig. 3, predetermined information such
as empty infeormation of the data area is indicated in FAT
by identificétion information. For example,

_ ldentification information "000Ch" indicates that the
corresponding cluster is in an "empty" state,
identification information "0002h to FFF6h" indicates
that the corresponding cluster is in an "already
assigned" state, identification information "FFF7h"
indicates that the corresponding cluster is a "defect
cluster", and identification numbers "FFF8h to FEFFh"
indicate that the corresponding cluster is a file end
(EQOF: End Of File) in an "already assigned" state,

[00e4]

The data area is constituted of a directory area for
managing file information and a data recording area in
which actual data is written. As shown in Fig. 4, the
directory area is constituted of information on a file

name, an extension, an attribute, a reserved area {RES),
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circumferential direction. The reason for this is as follows. In recent HDD,
a disk is divided into a plurality of zones, e.g., 10 to 20 zones, and zone
bit recording is generally performed using the same writing frequency
and recording/reproducing parameters (coefficients of a waveform
equalizing filter and the like) in each zone. Therefore, the numbers of
sectors contained in an inner circumferential side track and an outer
circumferential side track of the recording medium are different. One
example, Hitachi 4GB Micro Drive 3K-4, Hard Disk Drive Specifications is
shewndndig. Biltés te benotedl that i the nuspbasaksectors perene
super cluster and the number of sectors per one track have a large

greBtBEEEMATIT BRAdoP S of ddfersditgiefS 2t6 digpEsdd unevenly as
viewed alopg the, cigumiereniigl, diregtion. 22 [Q064], In, this embodiment,

the recording medium having super clusters disposed in this manner is
furtherddivided into areas as a plurality of partial areas each having
generally the samegca acity. Fig. 6 shows an example of areas havinl,g

% ebe

the nUMBET bt'ar8aS b *4" “Sihte Bachosred’ isto6t FRRE HaREratyt

sageseanatity.in ageordange (with a-data.continuoys %’1%?@8&%? Auidh,
of each area becomes narrower toward the outer circumferential side of
the? Fectrdiind metiamr iisdssufmatkthattheters for data writing

are disposed from the top of the user area UA without
leaving any space, excepting the root directory area and
the like. Tops of super clusters are therefore disposed
generally at an egual pitch as viewed along a
circumferential directiocn. The reason for this is as
follows. 1In recent HDD, a disk is divided into a
plurality of zones, e.g., 10 to 20 zones, and zone bit
recording 1s generally performed using the same writing
frequency and recording/reproducing parameters
(coefficients of a waveform equalizing filter and the
like) in each zone. Therefore, the numbers of sectors
contained in an inner circumferential side track and an
outer circumferential side track of the recording medium
are different. One example, Hitachi 4GB Micro Drive 3K-4,
Hard Disk Drive Specifications is shown in Fig. 5. It is
to be noted that if the number of sectors per one super
cluster and the number of sectors per one track have a
large greatest common divisor, tops of super clusters are
disposed unevenly as viewed along fhe clrcumferential

direction.
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total capacity of the recording medium 20 is 4 GB, each area has a
capacity of 1 GB, an area El has LBA of 000000h to 1FFFFFh, an area
E2 has LBA of 200000h to 3FFFFFh, an area E3 has LBA of 400000h to
SFFFFFh, and area E4 has LBA of 600000h to 7FFFFFh. [0067] Fig. 7
illustrates an example in which the recording apparatus 2 is used as an
apparatus of a usual FAT file system in a PC environment. If PC is used
as a host apparatus 4, the contents of FAT information and directory
information are read from the system area of a recording apparatus 2 and
deMelagrad in a memory 41 which a CPU 42 of the host apparatus 4 ,can

access directly. The host apparatus 4 performs maintenance of the
directoryifif igERE FAT HevERDetrinthe menttid, dhd 4tthe%Same

ting reflects {he maintgnance gontents, ;upgn e system:area,andy; v ged

directory area of the recording 23 apparatus 2, each time the host
apparatus-4 genesatesp ldelefestgr mddifiesta dile fordtssowadcdutinaf0D68]
According to the embodiment of the present invention, in order to

effSHIvER dde ThE JAMTEr&ERBR e Yecordify apparaiid £ searéi%orat
regord emply arga rtempincluster-and a.EAJ rdecision right are eftrusied o

not to the host apparatus 4 side but to the storage side, recording
apparatis 2 teigcazenasashowrtireFigpiB: capacity in accordance

with a data continuous transfer rate, a width of =ach
area becomes narrower toward the ocuter circumferential
side of the recording medium. It is assumed that the
total capacity of the recording médium 20 is 4 GB, each
area has a capacity of 1 GB, an area E1 has LBA of
0C0Q00h to 1FFFFFh, an area EZ has LBA of 200000h to
3FFFFFh, an area E2 has LBA of 400000h to S5FFFFFh, and
area E4 has LBA of 600000h to 7FFFFFh.

[0067]

Fig. 7 illustrates an example in which the recording
apparatus 2 is used as an apparatus of a usual FAT file
system in a PC environment. If PC is used as a host
apparatus 4, the contents of FAT information and
directory information are read from the system area of a
recording apparatus Z and developed in a memory 41 which
a CPU 42 of the host apparatus 4 can access directly.
The host apparatus 4 performs maintenance of the
directory information and FAT developed in the memory,
and at the same time reflects the maintenance contents

upon the system area and directory area of the recording
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This arrangement allows the system to be configured efficiently. [0069]
Fig. 8 illustrates an example in which a directory decision right is
entrusted to the host apparatus 4 and the FAT decision right is entrusted
to the recording apparatus 2. Therefore, the recording apparatus 2 itself
decides a usable empty area (empty cluster) in the data area and a FAT
chain, which is link information between clusters constituting one file. The
host apparatus 4 designates only the start point, which is a top cluster
number, of the FAT chain, and the following empty clusters are

designated:by the recerding-apparatusc2 Htsglh 4007 With seferanes jo
the time chart shown in Fig. 9, a data write process of the data
trtfshissnirecaptivhsystent 1 45l erdésaibeen The-data 24

tr ission/reception system 1 adopts as a file physical layout method a
method (hereinafter called a head scheduling method) using a slow
transferrate ateagwhich: ie adecotding medis minnes cireantfetental side,,
and a fast transfer rate area, which is a recording medium outer

cirdunTerEtidi Sidd 5/ CohiBinatioa Sintoraerad g Ghamtée thd'€hortest
segk ipg; Jids assumed thad a sequence of areq El -3 area -2,-> area E3

-> area E4 ->
{empty cluster) and a FAT decision right are entrusted
nct to the host apparatus 4 side but tfo the storage side,
recording apparatus 2 in this case, as shown in Fig. 8.
This arrangement allows the system to be configured
efficiently,
[00869]

Fig. 8 illustrates an example in which a directory
decision right is entrusted to the host apparatus 4 and
the FAT decision right is entrusted to the recording
apparatus 2. Therefore, the recording apparatus 2 itself
decides a usable empty area [(empty cluster) in the data
érea and a FAT chain, which is link informaticn between
clusters constituting one file. The host apparatus 4
designates only the start point, which is a top cluster
number, of the FAT chain, and the following empty
clusters are designated by the recording apparatus 2
itself.

[0070]
| With reference to the time chart shown in Fig. 9, a
data write process of the data transmission/reception

system 1 will be described. The data
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area E3 -> area E2 -3 area El is set to the control unit 28, as the basic
sequence for performing the head scheduling method. While data is
written, the control unit 28 accesses areas by sequentially repeating the
basic sequence. It is assumed that when data is written in an empty
cluster of area E2 and then data is written in an empty cluster in area El

in accordance with the basic sequence, the control unit 28 executes a
process of temporarily storing file information on the data written in
clusters in accordance with the basic sequence. It is also assumed that
directoryriifosmationes gevieleped; s that i9, wirkiten in the memoaory 4heof the 1
host apparatus 4 and FAT information is written in the, memory 30 of the

redGraitY apparats 2. 166 26F THEFrRERAt iventidh ieventci data
trapsierdaie Jromheing lowerad, by updating EAJsinformation at each, ; o,

basic sequence of the head schéduling method and properly setting an
uptate: timgeg of fifgirfednation sueh asiEATRSIindormatiors iltis, assuimed

that updating the file information is performed when the data write area
co%‘?@st NEaTRSE a8 iRfoTAtatEn Wite Sred. T BREIERBIBRAEHT: a

file,ifermation updating wark as adata,Proteelion PIosess:is expeuied
when data writing for the last area El of the basic sequence is completed

(Fpaoyn e filesinfdrandtforttesbe wptated includeésFATsumed that a

sequence of area El -» area EZ2 — arsa E3 — area E4 —
area E3 — area E2 — area El 1s set to the control unit
28, as the basic sequence for performing the head
scheduling method., While data is written, the contrel
unit 2B accesses areas by sequentially repeating the
basic sequence. It is assumed that when data is written
in an empty cluster of area E2 and then data is written
in an empty cluster in area El in accordance with the
basic seguence, the control unit 28 executes a process of
temporarily storing file information on the data written
in clusters in accordance with the basic sequence. It is
also assumed that directory informaticn is developed,
that is, written in the memory 41 of the host apparatus 4
and FAT information is written in the memory 30 of the
rececrding apparatus 2.
[0071]

The present invention prevents a data transfer rate
from being lowered, by updating FAT information at each
basic sequence of the head scheduling method and properly

setting an update timing of file information such as FAT
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information, directory information such as a file size, file recovery log
information and the like. [0072] The host apparatus 4 issues a command
(SC = 1) not accompanying a write process, to the recording apparatus
(Fig. 11) (Step ST1). The recording apparatus 2 searches an empty
cluster from clusters in the area El, by using the FAT information written
in the memory 30 (Step ST2), generates a predetermined command by
using the searched empty cluster number and a record start cluster
number (Fig. 12), and notifies the generated command to the host
apparatus:44(Siep ST3I). Thearecore $tart elusterdatmber MHecames a file
start cluster number. [0073] A command shown in Fig. 11 is a Rec

3
comMEAgAF €48 R HhR T drding A dr it 2 sEEfdfe SR 2 RAES
clusterwithoutperfarning.a yWike pracessfoy Actual, data, whereas;if "SC”

is "0", the recording apparatus searches an empty cluster, writes data in
theesbartheen empty Thister, returmsta top nonoei of the récers stafd=26:
cluster number as a return yalue, and after write completion, searches an

enipty ChiEter HoRt e RExt Forsd S it 5ditoRC ™. SBEHE Mdshd fat =e
writg glata s ther Jastclyuster-anrd c0'sete@Ee meansWsualdata witing.1 oy |

"Zone" indicates the number of divisions of one data zone. [0074]
The file information to be updated includes FAT
information, directory information such as a file size,
file recovery log information and the like.
[0072]

The host apparatus 4 issues a command {SC = 1) not
accompénying a write process, to the recording apparatus
(Fig. 11) (Step STl}. The recording apparatus 2 searches
an empty cluster from clusters in the area El, by using
the FAT information written in the memory 30 (Step ST2),
generates a predetermined command by using the searched
empty cluster number and a record start cluster number
{(Fig. 12}, and notifies the generated command to the host
arparatus 4 {Step ST3). The record start cluster number
becomes a file start cluster number.

[6073)]

A command shown in Fig. 11 is a Rec command. If
"SC" is "1", the recording apparatus 4 searches an empty
cluster without performing a write process for actual
data, whereas if "SC" is "0", the recording apparatus
searches an empty cluster, writes data in the searched

empty cluster, returns a top number of the reccrd start
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A command shown in Fig. 12 is a status code which writes information
representative of a record start cluster number. [0075] In accordance
with the record start cluster number obtained at Step ST3, the host
apparatus 4 generates directory information on the file to be generated
(Step ST4). The host apparatus 4 issues a data write command (SC = 0)
to the recording apparatus 2 (Step ST5), and transmits data
corresponding to the first super cluster of the file to the recording
apparatus 2. If the file size is large, the host apparatus divides the file into
a phuralityrofrdataeof the sapee clustervsizesandnitansimits eachtdata to
the recarding apparatus 2 to be written in a plurality of clusters. [0076]

TheFHoFdinG Hpparatiis’s urftBs T tht& trsHemitBt o hetidst Zone -
apparatus 4 inan empty clustensof the area il as thesfirst super elistey,

The recording apparatus 2 writes first data transmitted from the host

appasdtus 4 tte claster totrespoheiiy tonthrenrecosd 27 stattaclustering .
nuy;rg)%retr,aQ%rggtegtto thghhost a aratug % .at Step ST3, thereafter

searches af empty clister in BALH “Aredinactordaice Withhe GEde zone-
sequenge, and sequentially writes data in the searched empty cluster

(Step ST6). Each time one basic sequence is completed,
A command shown in Fig. 12 is a status code which

writes information representative of a record start
cluster number.
[0075]

In accordance with the record start cluster number
obtained at Step ST3, the host apparatus 4 generates
directory information on the file to be generated (Step
3T4). The host apparatus 4 issues a data write command
(SC = 0) to the recording apparatus 2 (Step ST5), and
transmits data corresponding to the first super cluster
of the file toc the recording apparatus 2. If the file
size 1s large, the host apparatus divides the file into a
plurality of data of the super cluster size, and
transmits each data to the recording apparatus 2 to be
written in a plurality of clusters.

[0076]

The recording apparatus 2 writes the data
transmitted from the host apparatus 4 in an empty cluster
of the area El as the first super cluster. The recording
apparatus 2 writes first data transmitted from the host

apparatus 4 in the cluster corresponding to the record
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the recording apparatus 2 updates the file information on data written in
each cluster. In this embodiment, although the area where the file
information is written is assumed to be the outermost circumferential area
of the recording medium 20, the file information may be written in the
nonvolatile solid state memory 26. [0077] When there is no data to be
written, the host apparatus 4 transmits a stop command and requests for
the file information (Step ST7). In response to the transmitted stop
command, the recording apparatus 2 terminates the data write process
and trartsaits e filenimformationrerthé host appatatud ds(SteprSER): Thed
hog{tt aé)garatsu%f updates the file information transmitted from the

recording Rpparatus 3° AR traTsmits e Gpdaf LR EnGraficn (ERTS2Ch

diregtasy infosmation) te-the,ieg0rding apparatys 4.63tep ST The
recording apparatus 4 writes the file information transmitted from the host
apparates L 24 tve wréd af adsredeierntined swite Positiom{0078] e r

data, transmission/receptign system 1 constructed as above is constjtuted
of :(ﬁseE T cogrjtllj?r?g' apggr% u% a¥n§ 58 e hostAppaTatis 4 nlerinraddd
byihe predeteiniged pintariace: 32 InpLasevhere dataobtained.by the on
host apparatus through photographing or the like is written in the

reCBrefing' Bpparatus 2, HRHSHRAWHIRTY is perforied embodiment,

although the area where the file information is written
is assumed to be the outermost circumferential area of
the recording medium 20, the file information may be
written in the nonvolatile solid state memory 26.

[GCT7]

When there is no data to be written, the host
apparatus 4 transmits a stop command and requests for the
file information (Step ST7). 1In response to the
transmitted stop command, the recording apparatus 2
terminates the data write process and transmits the file
information to the host apparatus 4 (Step $T8). The host
apparatus 4 updates the file information transmitted from
the recording apparatus 2, and transmits the updated file
information (FAT, directory information) tc the recording
apparatus 4 (Step ST9). The recording apparatus 4 writes
the file information transmitted from the host apparatus
2 in the area at a predetermined write position,

[0078].
The data transmission/reception system 1 constructed

as above is constituted of the recording apparatus 2 and
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in the mode that the host apparatus 4 has the directory decision right and
the recording apparatus 2 has the FAT decision right. The recording
apparatus performs data writing in accordance with the basic sequence
for the head scheduling method, and updates the file information each
time one basic sequence is performed. It is therefore possible to minimize
a head seek process frequently executed in the related art as a power
shutdown countermeasure process and to execute a data protection
process without rupturing the data transfer rate by the scheduling
methedh®he aneadnahasge of the renchoé thebHasie segrienceds setneasd
to the area where the file information is written. [0079] According to the

emBUdimeEHidf the prséntIRTENTIGE  theAtdkimbih? daBAIJY, fdfe host
exagple when:a. power shutdown .anthe like oceurs during datawriting, 5,

can be suppressed to the data corresponding to one basic sequence,
seteral rsecunds 1 forapdes dbts, far exhmpldalt is possiblestol avoid-adassd
of long time data, for example, that of 30 minutes or 1 hour, to be caused

| .
if the dats protsetio a%r&@egs Lo BRRE 3t i H85 poikl&i§otoryY
prerents adata transfenatefrormheing Iowergd hy- exgeuting, the 29datar

protection process each time data is written in one cluster, [0080]
decision right. The recording apparatus performs data
writing in accordance with the basic sequence for the
head scheduling method, and updates the file information
each time one basic sequence is performed. It is
therefore possible to minimize & head seek process
frequently executed in the related art as a power
shutdown countermeasure process and to execute a data
protection process without rupturing the data transfer
rate by the scheduling method. The area in charge of the
end of the basic seguence is sst near to the area where
the file information is written.
1007¢2]

According to the embodiment of the present invention,
the maximum data loss, for example, when a power shutdown
or the like occurs during data writing, can be suppressed
to the data corresponding to one basic seguence, several
seconds for video data, for example. Tt 1is possible to
avoid & loss of long time data, for example, that of 30
minutes or 1 hour, to be caused if the data protection
process 1s not executed. It is alsc possible to prevent

a data transfer rate from being lowered by executing the
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Further, according to the embodiment of the present invention, even in a
case where the initial regular layout of data is destroyed by a data edition
work after data writing and empty areas have a fragmented state, the
performance of the present invention is hardly influenced. [0081]
Furthermore, according to the embodiment of the present invention, since
the file system is managed by the recording apparatus 2, the recording
apparatus 2 can execute an empty area (empty cluster) search process,
a file protection process and the like, a processing capacity of the CPU
42dfthe ost apparatus Zand @ leadh of the: memaryi 41 eapthereduceshe
and cost for application development can be reduced. [0082] In the

e meht of the present invention, although data writing is performed
whilgde scheduling method and data protection process are executed,
as for the basic sequence, a frequency of the data protection process and
a write areardhthe, file protattion inforbiatiomarediotefimitet] tothepresent
above-described embodiment, but it is obvious that various modifications

are PosRibté Withdlt "deparfing Fom the Mainfeatires Gt ihe HrEdént
invenfion: [9983% 809 Although HDR s ysed ag-a spegific exampigofdhes

storage device using a rotary recording medium, similar
data writing and empty areas have a fragmented state, the
performance of the present invention is hardly influenced.
f0081]

Furthermore, according to the embodiment of the
present invention, since the file system is managed by
the recording apparatus 2, the recording apparatus 2 can
execute an empty area {empty cluster) search process, a
file protection process and the like, a processing
capacity of the CPU 42 of the host appafatus 4 and a load
of the memory 41 can be reduced, and cost for applicaticn
development can be reduced.

[(0082]

In the embodiment of the present invention, although
data writing is performed while the scheduling method and
data protection process are executed, as for the basic
seguence, a Ifregquency of the data protection process and
a write area of the file protection information are not
limited to the above-described embodiment, but it is
obvious that various modifications are possible without
departing from the main features of the present invention.

[0083]
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processes to those described above can be performed by a randomly
accessible storage device, e.g., an optical disc such as CD and DVD. In
the above description, although the FAT file system is used, any other
systems may also be used if the systems manage data as a file. [0084] It
should be understood by those skilled in the art that various
modifications, combinations, sub- combinations and alterations may occur
depending on design requirements and other factors insofar as they are
within the scope of the appended claims or the equivalents thereof. 31
What is cidinied: i 11 Phrecordingcapparatusseanpiising: anebordifigt he
medium having a data area with an address assigned to each cluster_ of a

prédSERRMEFEive® &P iHt8rfacs UntTsr E5AREEHTITIIRE & asparatas:
wriing-means forwritihgdatasupplied fromsaid hostannaratusa said 5

interface unit in the data area of said recording medium; access order
detRiingTidans fordividing teodake afex vf saicerecordimy mediralintiac

plurality of areas_eac ving an qptional data capacity, and when data.is
to %‘écv%iﬁgn, e€i %ggfﬁ? 'ord%rI1 of ACCERING tRE Bitra §1c>?ra1vi8§8réor‘é%§

fropp SafhWritingeNeadBsem is used, any other systems may alsc
be used if the systems manage data as a file.
[0084]

It should be understoocd by those skilled in the art
that varicus meodifications, combinations, sub-
combinations and alterations may occur depending on
design reguirements and cother factors insofar as they are
within the scope of the appended claims or the

equivalents therecf.
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timing deciding means for deciding a timing when file information on
written data is to be updated, in accordance with the access order
decided by said access order deciding means; control means for
controlling said writing means when data supplied from the host
apparatus via said interface unit is to be written in the data area of said
recording medium, to access a plurality of divided areas in accordance
with the access order decided by said access order deciding means, to
search an empty cluster in the accessed area, and to write data in the
selifeted: empaisiastersand file information updating means for updating
the 32 file information on already written data in accordance with the

tirfﬁﬁg ecided by satd ThTRG Yeching T Réars ™2  The recording

apparatus acoerding-Le elakn JIm SHaherein-said ¥gcqrding medjugyhas a
file information area where the file information is to be written, and said
fileRis AR atieS Bhdatifg tReaasvrités He fileo nformesiontor thiealieadyze ;

(iming. Qo e e 3 The FEEhr G Shpratta Hocbraifg o claim 2.
whgreixrskh:when an area of the plurality of divided areas in

writing means for writing data supplied from said
host apparatus via said interface unit in the data area
of said recording medium;

access order deciding means for dividing the data
area of saild recording medium into a plurality of areas
each having an optional data capacity, and when data is
to be written, deciding an order of accessing the
plurality of divided areas from said writing means;

timing deciding means for deciding a timing when
file information on written data is to be updated, in
accordance with the access order decided by said access
order deciding means;

control means for controlling said writing means
when data supplied from the host apparatus via said
interface unit is to be written in the data area of said
reccrding medium, to access a plurality of divided areas
in accordance with the access order decided by said
access order deciding means, to search an empty cluster
in the accessed area, and to write data in the searched
empty ¢luster; and

file information updating means for updating the

32



10

15

20

25

which area data is written in accordance with the access order decided by
said access order deciding means becomes an area adjacent or near to
said file information area, said timing deciding means decides the timing
in such a 20 manner that the file information on the already written data is
updated after data is written in the area adjacent or near to said file
information area. 4. The recording apparatus according to any one of
claim 25 1 to 3, further comprising: a nonvolatile storage medium having
fa datalartarcenstitutedrof alplarality efdreasreadhthaving a88crdance
predetermined size, wherein: said file information updating means writes
“theild-liffoFratan of fiiealfchdyrwrtien datdinh Gistioral “sfe® ot 3aid
nonvolatile storage medium at the timing decided by said timing deciding
means. 5. A recording apparatus comprising: a recording medium having

A daterareaavith-an raddigss assigned te-eaeh slyster of apredetermined
size; an interface for connection to a host apparatus; a writing unit for

witirigidata supplied from said host apparatus via said interface in the
data area of said recording medium; an access order deciding unit for

dividirefthe deits e s¥ sarfreddrdifg nfedidmSnto™s Brifaiity OF afdee
.8ach.having an pptional data capacity, and when datais .., 4

3

said file information updating means writes the file
information on the already written data in said file
information area, at the timing decided by said timing

deciding means.

3. The recording apparatus according to c¢laim 2,
wharein:

when an area of the plurality of divided areas in
which area data is written in accordance with the access
oraer decided by sald access order deciding means becomes
an area adjacent or near to said file information area,
said timing deciding means decides the timing in such a
manner that the file information on the already written
data 1s updated after data is written in the area

adjacent or near to said file information area.

4, The recording apparatus according to any one of claim
1 to 3, further comprising:
a nonvolatile steorage medium having a data area

constituted of & plurality of areas each having a
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to be written, deciding an order of accessing the plurality of divided areas
from said writing unit; a timing deciding unit for deciding a timing when file
information on written data is to be updated, in accordance with the
access order decided by said access order deciding unit; a controller for
controlling said writing unit when data supplied from the host apparatus
via said interface is to be written in the data area of said recording
medium, to access a plurality of divided areas in accordance with the
access order decided by said access 34 order deciding unit, to search an
emptydhustemimthe aiceessetiared nand to write data in the searched
empty cluster; and a file information updating unit for updating the file

informatiGA o airdady W tERedaE In MRLD AR ESATP tHE tirfivg Hesided e
by s2id fming deciing it 13324y written data in an optional

area of said nonvolatile storage medium at the timing

decided by said timing deciding means.

5. A recording apparatus comprising:

a recording medium having a data area with an
address assigned to each cluster of a predetermined size;

an interface for connection to a host apparatus;

a writing unit for writing data supplied from said
host apparatus via said interface in the data area of
said reccrding medium;

an access order deciding unit for dividing the data
area of said recerding medium into a plurality of areas
each having an optional data capacity, and when data is
to be written, deciding an order of accessing the
plurality of divided areas from said writing unit;

a timing deciding unit for deciding a timing when
file information on written data is to be updated, in
accordance with the access crder decided by said access
order deciding unit;

a controller for controlling saild writing unit when
data supplied from the host apparatus via said interface
is to be written in the data area of said recording
medium, to access a plurality of divided areas in

accordance with the access order decided by said access
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order deciding unit, to search an empty cluster in the
accessed area, and to write data in the searched empty
cluster; and

a file information updating unit for updating the
file information on already written data in accordance

with the timing decided by said timing deciding unit.
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