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FIELD OF THE INVENTION
The present invention is related generally to digital signal processing for recording
streams of digital data representing data, sound and pictures, and more specifically to
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BACKGROUND OF THE INVENTION
With the advent of consumer audio and video products that employ sophisticated
20 digital processing techniques, it has become increasingly necessary to find ways to exploit
the full potential of digital technology as applied to broadcast video, audio and other data
oriented products. If we consider such sources of video and audio information as
broadcast television stations, satellite broadcast, cable TV, videotapes and digital disks,
increasingly such information is represented in a fashion suitable for manipulation by
25 automated electronic hardware such as computers or decoders. For example, the direct
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SUMMARY OF THE INVENTION
20 It is an objective of the invention to provide a convenient form factor storage
system which is highly transportable, while capable of reproducing many hours of high
quality recording on a single removable assembly.
Yet another objective of this invention is to provide high quality digital recording
on a removable disk product which is controllable by human users|in a familiar way.
25 Yetanother objective of the invention is to provide for high quality digital storage
of broadcast video information which provides the convenience and accessibility of tape
without the associated loss of data due to wear and tape particle decay.
In summary, the apparatus described herein provides a novel and unique facility
that provides for the portable storage of audio and video data for archive and shuttle
30 transport. The portable storage device of the invention would combine by providing a

hard disk drive with associated interfaces, for storage, co-deck processing, and the
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Other features and advantages of this invention will be apparent to a person of
25 skill in this field who studies the following detailed description of embodiments of the

invention given in conjunction with the associated drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of digitization of an incoming video and audio signal;
30 Figure 2 is a block diagram of the output of the video and andio signal;

Figure 3 is a block diagram of the digitization and storage of digital audio and
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20 320 is applied with the output of the CoDec 118 to the disk processor 102 for appropriate
file management and the like before storage in the shuttle’s disk 100, On the output side,

the firewire 320 as shown can transfer bidirectionally the compressed audiovisual data
directly from the disk processor 102 to the appropriate output. The SPDIF output would
be received from the CoDec 118 as controlled by the microcontroller 116.
25 Figs. 5 and 6 show the inputs and output to the disk through disk processor 102
from a flash memory 500. The necessary elements require simply a flash controller 502
and in some embodiments a physical drive 504,
In the preferred form of the invention, data from any of a number of sources in
both digital and analog form from PCs, digital video cameras, flash memory, digital
30 VCRs or the like can all be stored on the hard disk drive incorporated in the data shuttle

and supplied to any of a number of output devices through appropriate file and bus
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720 onto the nesting disk drive 740 which would have a larger capacity. In this way, the
shuttle can be moved from one apparatus to another and store input data from one or

25 several sources. The shuttle can then be rested in the nesting or docking device 760 which

supports or incorporates the larger capacity disk drive 740, and some of the stored
contents of the local hard disk 720 offloaded onto the larger disk 740, e.g. through ATA
bus 734. When it is desired to offload or otherwise acces§ some of the contents of the
nesting device 760, the shuttle is returned to the nesting device 760 and the disk processor
30 downloads the desired data from the nesting disk 740 onto the local hard disk 720. The

shuttle operates under control of its own local processor 770 and includes a power supply




Figs. 5 and 6 show the inputs and output to the disk through disk

processor 102 froma flash nenory 500. The necessary el enents rquTrZeMAR 2004

sinply a la Iler 502 and in some embodi nents lcal _drive
504. In the%%)r(g g’?éﬁd formof the inventjon, data fron*“ 5@?%%4”&%6?1urrber of

sources in both digital and anal og fornf{from PCs, di gli tal video caneras,

flash menory, djgital or .t I,ke.can al.l be .stored op.the hard disk
drive incorpor g‘idge}mfn%o’iﬁeg@?g{rglﬁ%f *83 50 g’ﬁtdpcé"ﬁ b’ﬁ'Fﬁloé‘dn‘ieB '@ﬁ’g} ogﬁhe go‘ilfl?ﬁber of
out put devi cesndshwixnghe shptde egstsiirathe déck|760 addhdopesver supplyRiR2 240Mé radhhr@dd. 020906

-6 PCT/ USOQO 25266 nagengnt.. n exanpl f a bagard level syste I ch
coul d wel | be inpl Eﬁ?@e Byt ?)céf’stgﬁ%?es%ﬁ Fnc,{ﬁest A 1 °‘1t1ﬁX§Wf rs;&%‘\}inel d
and coul d be i ospitipetoittagdle SPDIF fofieat dThiRinpttutpuebua 700 ginvvdiréitly @ e %a St or age

devi ce of about one gj.gabyte for stor . of the ceived fil ed and managed
data is shown PIRREG19anares apararsn i diskroessson i AvroibersEDIf inpd 782 g5 1
through to takfreeeipt Tdggits] audiorieaipiio fk QIREG-2 britbad: ITRd;itR ovtfudyafahiyari ety
of sources andlv@%gi}/e%t em t hr ough varigig?sﬂf i nterfaces| i ncorporated into
the data shutt 2 nppder arealsaconvsxedip e RRFsSPhEhiorstopsgeonthe Iggplhard; o o

hard di sk dri vaisk 70t B hastifg hird Hisk 7400 ahid dipithlahidi6 sk 7D e1soBE Bpligd €d onto
a single board in Fi In this fl?ure, the inputs fromthe various

. 7. | .
devi ces or souPdE%MBgerﬂaqey%f‘r‘éhOé%W ¥ Gonrecied firectly tofhpdatapeckatie (i3 t o
pot enti al jdest ifiahdnad eldiskiphRedsQCAY, 46 thatl@fyBata$n SPDR e ®E Boreldtand S
digitized as shown for exanple at the upper left where the conposite TV
vi deo signal s TedRstivehyecesseedassoci at ed audi o 702 are applied to appropriate

A to D converters 70furaBf%bsbRfecibrhl bieinRMHEY BIB BYELT30045593 bhP7REE 2
encoder 710. The outputs of this MPEG 2 encoder 710 arle transferred

t hr ough a dat adthAERP 734 arepisp preyidede Thp iSBphus 73Q sn9y
Bt . . t
SF P eam ranagentar o Habie CHMP i) | Sptd ity 00

stream managemant ) . . ) tored on a [ ocal
hard di sk 18ri v&407@@.a pagketizer Z42nany, of thase ddeicdsisagupledidivgetly o the detapeckatizean

be converted, gjq SPmeHE Q&Fo%gfig éﬁe@%&ﬁeﬂéﬁﬁmﬁ tg?: o E6Ldr 4 %Ccﬁéaﬁa?d o the

data shuttl e. e shuttfe can e connecte 0S[S an Interface to a
| arger hard di dikk dfivie720. WinsimHarifashion,dleer 1364 us @32 domldde pantdterso adigital videmg

L Tl e ey

the data packetizer 712 and disk processor 714. Finally, the ATA bus 734 could connect

20 a flash memory or other data storage device directly to the disk processor 714 and then
to the disk drive 720.

On the output side, even as the SPDIF input 722 can be conveyed through an MP3

encoder 724 for storage, an MP3 decoder 750 is provided whose output may be coupled

to an SPDIF output bus 752 or alternatively through an audio| processor 754 to a

25 modulator amp 756. This provides several alternative output lines including an RF
modulated AV 758, a stereo phone output 760 and audio output 762. The audio output

would more typically be used with the television output 764 which comes through the
decoder 768. The

MPEG-2 decoder receives its video information from the depacketizer 712 and the disk

modulator amp via a digital video encoder 766 and an MPEG-

30 processor 714 which as noted above can selectively access any file on the local disk 720;

also, if the shuttle has been nested in the nesting device 760, then the nesting hard disk



720 onto the nesting disk drive 740 which woul d have a | arger capaci®yMAR 2004

this way, the shuttle can be noved from one apparatus to another and
store input ydaf om one or several sources. The shutt n be
rested in the n@s%‘lkng or docki ng device 760 which supp%??@g(@/rzgzgg

i ncorporates the larger capacity disk dri've 740, and sone of the stored

contents of the,l. I Lsk 72Q..0ffl oaded onto the l.arger disk,74 ,
e.g. through A?R é)%ﬁosavg%ifgag\ﬁ%o# 5 9‘i“soffglgssei necgo'ls(?reoﬁp’f](?u&% ug(%r B’teﬁ%? se
access sone o0 ofithee CRINT2nwischdh thidxxample &tNIotorothed2B E ehiéh &, suppoetedbyd pdwer i S
returned to th(?1 ﬁ&gz&n ng%\l/tirce 760 and the di sk processor downl oads the
desired data fYonrt es"[lﬂg di sk 740 onto the local.| hard disk 720. The
shuttl e operates urithefunciiunk arelseledted ang theimput and ahtppirsonressand dektiflatiangare Ncl udes

a power supply 2 MAR 2004 1/ 02 6 i ., PCT. [ 25266 . -7 and itor
772 and cofgt r ofe8oEPEEd %‘é%‘gg \ég)pﬁ&?“?rf)f%ga?ﬁd fh§ ﬁﬁégﬁgpﬁ{% Ispla¥ss; ongn 1@2 dock
or ngst V\/nﬁn t digplBIMSL bh the E226 bisthé shu&lh?Bdﬁ6kthJSGQreaﬂﬂaohl hfvged c@x&lalﬂk)’ 172
can be recharged.. Anmong .other. interfaces, the shuttle a i ncl udes an
CpuUC) out put UG oG bl St Uingi Rndtanithe TR Z10HBRIOS out put
bus 720 runs disggsly to the data packetizer 712 and then across a bus to
the di sk processor 714. Another SPDIF input 722 for receipt of digital
audio is an input & V’Erﬂ’é°ﬁf&§€$t2fcéﬁ?fgﬂ@tdSé;?%)tfusi“ﬁ%ts’d’ﬂf{eﬁ uts gitd theike, the' \pEG. 2
encoder ang al & sRANEHBObE Gsell 6 silipsH aRd @aRDEBIbly/ dithahd@! thé liRitd Stofge t he

| ocal hard disk 720 or the nesting hard disk 740. This digital audio
source 722 pancaa?%y BEa“&ﬁEPP%‘Hg‘EaE)EIF‘H@.nWIﬂSV‘@HéBW apove- whose out puts are
connect ed directly AsQnbii@ndios exaPPrk@ishadisk based sHukllelcBMA bk Bsel Bfentlil ik
processor 714, so that %&?/ data in SPDIF format can be stored and

sel ectively actemseonal VESYGR apthiy meshapipaliferancipstemend witiskath hestandwdg a USB
bus 730 a 1393fg§}g§s Ianﬂzenﬂé}di E%I%@H%r&%n@og}péﬂibﬁﬁty% Vdoﬂ%tiox{ﬁhﬁpéJSB bus

730 may provi 1 bidirectional connection _exanple to an MP3 player,
a di gi t al 1&amemedisrin gngliorm, this Shutils weuldseplaopithe tape ngige a casspiteeskelt witler 742,
any of these dgiiiesishiSioh PuRkSrdlisk@Rbd Yin B LE @ ke Wi th
their inputs anaé gut Sutfg ?he%rq%{)n\l/eyed t.ﬁrgﬁgﬁemﬁ‘%?ocess%%%i4%t% t he
hard di sk driensneitoexnose itstanel e hrd disk drive’s interfacg duiexpossd sthe diskifidvelie
connected to a.di.gk KERo : Yol i Ol thr.ough an
appropriate P Jéllhgdn%’gpac é‘\tulggra@ El%lgé ?aga Ea&xgsrgag% gﬁ%g %letth %/zggrR %%Pand

di sk pr ocessor sighblprodessirginieghanisineor pasgditecilsthidBgh thexaind pathasvensentionkl tageh nenory
or other data ' irectlyv.to.the di nr I t hen
fo the di ok aray B OSGeERI e e RS ke pauloipleP hethoh B BBEh i ARF 0000,
be cony yed t hthe¥W@gR’sauhadvi®3nd contact recessed connectors in the cassette shell.

Instead of magnetic tape coming into contact with the VCR’

recording heads, the
audio/video data is passed directly through to digital processing |circuitry in the data
shuttle, where the content is decompressed, error corrected, filtered, encoded, and
25 converted to analog signals for display, and output as shown in Fig. 7 at lines 762-764.
The totality of the hard disk drive assembly, embedded in the VHS shell, emulates

all physical elements of a VHS tape (front loading, robotic positioning, and precise
alignment of electromagnetic data modulators and receptors).

This assembly and system provide mass storage for digital video and audio data.

30 The advantages of disk storage of audio/video content is widely known (random access,

clear forward/reverse scan, lossless storage, record and play back simultaneously, etc.).




encoder 724 for storage, an MP3 decoder 750 is provideb whose outpuglerQR 2004
be coupled to an SPDIF output bus 752 or alternatively through an audi
processor 7w ot/froshsM0dul ator anp 756. This provides sev native
output lines including an RF nodul ated AV 758, a stereo&gk%ﬁéﬁgitput 760

and audi o out put 762. The audio output’%Mnnd nmore typically be used with

the tel evision, output 764 i cones through the nodul ator anp via a
digital vi deoq'g’ﬁvfﬁ‘%et}‘e %@'6%6&%” VenH%‘b‘(?g‘B?e b are nqiimiteflis. o decoder
receives its vi deoBadkivardrdinbaibility @itk thiging ©IVost et digital Tabe bakBdrebbi@ersli Sk
processor 714 mhicEgas.notfd apove aﬂ selectively access_any file on the

| ocal disk 720; atdyenpqt fogm 1apigg phiehpigshighly ransiortable, while, sansblet pfhg
device 760, then heprasding@ndiof Boudd 5Khigh quilBARCcREHE QipR2RABEable

PCT/ US00/ 25266 740 is al so available as a source. Al of these functions
are conducted unde?S¥MY control of the CPU 770 which in this exanple is
Mot or ol a 823E.«whi ChahifarsWRRPTatRft D ¥uRrsBOIRHS BCR Rladires 43d Bldfhn TRt OF . The
functions are selected and the input and output source and destinations
are recognizéd t hNetigraseristed le%sﬁ?%, duedetapgrarticirelesay) with alkthe henefits ofn

i spl ayed on an LCDg,di splay 782 on the face of the shuttle. Both of these
are supported hrou ﬂ”a control I/O 784 incorporated into the shuttle and
controlling tHe fugé‘ﬂlfyotﬁsl’rwdetﬁf@wa?’?(@-go‘?@? cpded to programgptimizg mediat e of
this set @f contro - ic@ati i ' ' ; i ke, the
data shuttle may proedf: i ?%ﬁ%%%ﬁ@ﬁ%?‘?ﬁ?ﬁg%ﬁ% E vidadinbalishl K> L0
storage capabilit9®® analog and digital electronic devices as |isted
above. As an alternative exanple, this hard di sk based shuttle could be
used to enulate a conventional VHS VCR both in nechanical formfactor,
and with both the ©Otharndes fgatufeeandadvastagas df thetiresautdnyefitbmmill besomedriphrent

provi ding co WJHN .\ \, i |&, for this
Shut e oul s apraner felllnnche Rl 8B 3ot BEIFBont AR | { 010
wei ght, 1dw pecepe ofithe prestnsinveitiowis to berliniited osly e theefyllavhing clambslS cassette' s
flap is opened to expose its tape, the hard disk drive's interface is
expose as the disk drive is inserted into the VCR Audio and video data
can interface directly to the VCR digital signal proclessi ng mechani sm or
pass directly through the sanme path as conventional tape. As the cassette
is lowered into its "play" position, power and ground pins protrude from
the VCR s chassis and contact recessed connectors in the cassette hell.

I nstead of magnetic tape coming into contact with the VCR recording
heads, the audio/video data is passed directly through to digital
processing circuitry in the data shuttle, where the content is
deconpressed, error corrected, filtered, encoded, and converted to anal og
signals for display, and output as shown in Fig. 7 at |ines 762-764. The
totality of the hard disk drive assenbly, enbedded in the VHS shell,

enul ates all physical elenments of a VHS tape (front |loading, robotic
posi tioning, and precise




al i gnnment of el ectromagnetic data nodul ators and recepit ors). This -aQsﬁ;quzﬂm
and system provi de nass storage for digital video and audio data. Th

advant ages of di sk storage of audi o/ vl@eo content is widely kn wn (random
access, clear forward/reverse scan, |ossless storage,} record and pl ay

back si c.). 2 MAR 2004 WO 01/020906 .9_ PCT/ US00/ 25266
However %ﬁ@@ﬁsmlm&. ts to this invention include but are not inited

to: Backward conpatibility with existing DV or other digital tape based
recor derl- A @ashehaiiend topgs devicesomprising 3 hardyligk diive, tytaflehalog whi | e
capabl e By eT=old J i.ah ality.recording on a
singl e r%fr(riod\} 1&?(‘131991’2&8‘685: g%@&ﬁﬁ%’%'if@g{&%ﬁlfn%aﬂeg 3%@%‘? 2 pl-ltgé E‘%‘? grerpox%f VHS VCR
f eat ur esfoamats hndrprovidicg oveor Mbretdutpatsiapmdh atphetalitgDs f@natabR of shi@di t ape
particle decay, wth all. the benefits of tape Ability to provide
firmiar gbed%?t ﬁxr@g\.,t\féf.ou@sbd’égtﬂé?‘:ei%r i 2pid sk griveinder thegortrobeirewgly s i n
anti ci pagdrRdm@f LdskdH o wek [ DBhsge SD or HD)
Q her uses, fear?%?gess anp;0 adva t%%@?#ﬁ%p%\f%?&@&%ﬁ)&%ﬁﬁlon Wil become
appar entprovidesmpdiagndepofidenk plug-and-pldyedaga mobitity foir detiaelsawh fromtzoplaralitywent i on

i it o BaPyreRs aEoried Bl AR st itoR R 2004 "< 10 WAT 1S CLAIMED: 1.

A data shuttle and storage device conprising a hard disk drive, a

plural ity OfataBRlt88as @Rithediif clafth I'Wﬁe‘?éiflﬁfeetﬁlbt)ﬁ’l_rddﬂircfb‘fﬂ e hyom two or nore
sources inputs i two or nore formats and providing't or nore outputs

i nput0 | reoangdted theretosa plurglisy ainput coinfrolsfacesasitiledntaauseeofthe shwtlet ddfineugh a

di sk pr sald disk . drive under .the control of a shuttle borne
micr oprgtgggéug‘?e %@\%?@% aBS‘/‘S’éthSﬁfﬁma °’E)8£t|li‘8|aﬂt8mer supply, so that the
shuttle provides nedia-independent plug-and-play data nmobility for data
drawn frHm gapbslliad hd MainRl if O1AH ¢ FuRRS cBROMEEY db@kiﬂﬁﬁ@: Ehdsbola

destinations. 2. A data shuttle as clainmed in"clarm erein ttﬁ(fé onboard
i cr opr okl herdatreshuilsrand dncotparitingst scends relativelyt higb tapaciydliskanive ghe

accessib user. of he uttle to fine. the sourc t he data

and/ or t nglglés(]? ?/lﬁgg P8R CS?HCP%Q aalé’le?n%‘.’fqﬁe H’é?&‘cg%@ttﬁff éa agh@{l%ﬁ%@at inclaim
1 f urst hedatc@apbe stord ia thitoeded B3k devé 6£thadsaleh@t®dce. Wi th the data shuttle
and incorporating a second, relatively high capacity disk drive, the

docki ng devi ce being connected across one of the interfaces to the data
shut t | e 4 datashutideasclamediie claim Bethergin thealarmfirom disinathg and digitad he docki ng

devi ce. interfaces is transferred from the shuttle hard disk drive to the docking station hard disk

drive under the control of a disk processor incorporated in the data shuttle and controlling

the input bus to the hard disk drive of the data shuttle.

20 5. A data shuttle as claimed in claim 1 wherein the data shuttle includes its own power
supply and monitor, and controls responsive to the user of the shuttle so that the data

shuttle functions as an independent entity.

6. A data shuttle as claimed in claim 5 wherein the power supply of the data shuttle is
rechargeable so that the data shuttle remains fully portable and independent of any
25  permanent connection. 7. A data shuttle as claimed in claim 6 wherein the power supply

of the 4docking device is rechargeable from the docking station.




4. A data shuttle as clained in claim3 wherein the data fromthe_—gzabgﬂ 4
and digital interfaces is transferreg fromthe shuttle hard disk did tZP
t he docking station hard disk drive~ hder the control| of a disk processor
incorporated in the data shuttle and controlling the input bus to the

hard dis [y . . A data shuttle as clained..in claim
1 wher ei g ‘gﬁg&ggg gtaéﬁﬁ%sgﬁéﬁ}eﬁgﬁfé%lé 1if?%he(5\mm88‘%gad¥3 ??S?ﬁ&o%‘ﬂ}l?%r, and
cont r ol sthedmp ousiingrotthe hdie diskelrivefin telaghubitleand opftativd dereai@ shuttle

functions as an independent entity. 6. A data shuttle as clained in claim

5 wher ei APRIARIIASG fsrmanagpmgntebus a5kitrgtion, confgntmanagementsod sirgamabl e so t hat
the dat amahaehlent fiB BB On! the bt | i ef manent
connect i on.yéf. A data shl?tt+e gﬂ%ﬁyﬁggﬂ?%fgpgﬁlﬁﬂ%erg’ﬁg%t M suppl y
of the 4sforskiinptdedne eari be sedechizelyaadssedfonahe hird dikkaltiveg st at i on. W 2
MAR 2004 -11 8. A docking station as clained in clai rﬁ 1 further

conpri si k processor, controlljng t he bus running to the hard disk

4
drive i n&?fha&faé uttle g8, clajrpedsin ¢laim s including ap MPBG: Zrncodassnd data paeketizers

managene | [ g . nt
Funot oo B HE RS R} e BldRocer Wi koA opraTRoh SRR RS

st r eam csourdes sg dhat datia e hyy MRES &8 fewinad nart bestved dndlasdesddionehe kad diskt any 9.
A data shuttle as clainmed in claim8 including an MPEG 2 encoder and data
packet i quve. supplying data to the di sk processor and receiving input
data from audi o and video i nput sources so that data ijn an MPEG 2 for mat
can sior : d] LVE. uttle as
ol i T | el SR AC BRIl 3 e S 18 b b A

connect ebbstagnn¢ntedioghe gisk prsesor znddhe hardhliskdiriie sk tidit inpatssandtdugguts nput s and

outputs .from.a.digital data agcessary.can b tored and accessed directl
oV eP th efé‘ m@{}bg@rﬂ dg%a accessory can ge store a%d accesse%i 1rect yOVCI‘ rt]hCSC %USCS. y






