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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  methods
and apparatus for utilizing a removable hard disk drive in movable data
shuttle  format. BACKGROUND OF THE INVENTION With the advent of consumer
audio and video products that employ sophisticated  digital processing
techniques, it has become increasingly necessary t 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 or manipulation by
automated electronic hardware such as computers or decoders. Fo example,
the direct ._ 2 MAR 2000 WO 01/020906 PCT/US00/25266  -2 video broadcast
(DVD) standards address digital broadcasting from a satellite's
terrestrial  stations and cable TV systems. Even analog broadcasts such as
normal NTSC (National  Television Standards Committee) broadcasts from
local stations may be captured and  digitized. It is of course highly
desirable to be able to store, reposition and selectively  play back any
of this broadcast data. A device which performs some of these functions
that all consumers are familiar  with is the videocassette recorder (VCR)
which uses magnet c tape to store the  information. The inherently linear
nature of tape leads to function such as rewind, fast  forward and pause.
However, a VCR cannot both capture and play back information at the same
time. Further, the quality on the tape storage medium is never especially
high;  and it tends to deteriorate fairly rapidly both with time and/or w
th repeated playing.  However, VHS tapes do have the advantages of being
easily transported, stored, moved  from one machine to another, and used
for rerecording. Therefore, it would be highly desirable to provide these
advantages in a storage  device which has higher capacity and is capable
of directly storing digital data. Further  it would be very desirable to
provide similar transportability and ac ess to other forms of  digital and
analog data. SUMMARY OF THE INVENTION 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.  Yet another 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  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 2 MAR 2004 WO 01/020906 -3
PCT/US00/25266 necessary media interfaces to achieve media-independent
plug-and-p ay data and mobility.  The storage could be temporary or
permanent, and without degradation of the data  because of the long term
storage capacity of a hard disk drive. The storage shuttle of the
invention would be portable, have low power, and essentially operate in a
plug-and-play mode. The operations on the stored video and audio data
would b limited only by the  storage capacity and I/O bandwidth of the
associated interface system, The apparatus  defined herein provides for
operations which are analogous to functions on commercial  and home use
devices which use more traditional portable media such as VHS tape and
music disks; such functions could include pause, fast forward, play or the
selection of a certain section within the storage media. Further, the
interfaces to the portable disk  storage media provided herein will
provide instantaneous access t these operations for  the user unlike the
analogous mechanical systems. Further, the data stored will now be
available on a plug-and-play basis. Therefore, the portable disk drive
with its associated  interfaces can serve for example as an MP3 shuttle or
archive, a dig tal picture shuttle or  archive, or a television shuttle or
archive, among other examples. In a preferred embodiment, each shuttle
comprises a multi -gigabyte hard disk  drive packaged with associated
input and output interfaces so that the pictures, television  or the like
can be stored, moved or archived, and then read out in any one of a
plurality  of machines. In a preferred exemplary embodiment, a hard disk
may be substituted for the VHS tape in a VCR; by utilizing the same form
factor, the same elevator mechanism  



to bring the data shuttle in contact with the necessary electrical
contacts and input/output  interfaces can be incorporated in a modified
version of a VCR, thereby providing ease of  customer usage familiarity.
Other features and advantages of this invention will be apparent to a
person of skill in this field who studies the following detailed
description of  invention given in conjunction with the associated
drawings. embodiments of the BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is
a block diagram of digitization of an incoming vi eo and audio signal;
Figure 2 is a block diagram of the output of the video and a dio signal;
Figure 3 is a block diagram of the digitization and storage of digital
audio and 2 MAR 2004 WO 01/020906 -4 PCT/USOO/25266 compressed digital
video; Figure 4 is a block diagram of the output side of compressed
digital video and  digital audio; Figures 5 and 6 show inputs and outputs
to the shuttle from flash memory; and  Figure 7 is a block diagram showing
the basic element of the electronics  incorporated in the data shuttle as
well as in the docking station for the data shuttle. DETAILED DESCRIPTION
OF THE INVENTION The present invention contemplates a new and unique
apparatus for storing,  archiving and shuttling an providing easy access
to continuous streams of digital  information representing audio, video or
similar alternative media. Figures 1 through 5 provide a general overview
of several exemplary  embodiments of how the invention operates to store
and then put out a continuous stream  of data. The data may be from a
video application or constant sour e such as would be stored by a VCR,
DVD, digital camera, MP3 player, or audio tape, or even more generally
could be from a PC data application or content or some alternative media
source. The  objective would be by implementing a hard disk based cache or
shuttle system to be able  to select any portion of the media cache for
access on an instantaneous basis. Thus the  data, not the machine, would
be moved, and the data would be selectively accessible on a plug-and-play
basis. Functions which users are already familiar with such as pause,
rewind, fast forward and selective play and more sophisticated operations
such as play fast  or play slower and play in reverse could be made easily
available given the properly  



implemented input and output paths. The data cache system thus would
include a hard  disk drive and associated input and output electronics.
The media o tput can be used for display or further rerecording, for audio
or video presentation or fo printing, faxing, e- mail or other
applications. As presently designed, the apparatus is independent of the
format of the  underlying digital data stream. To apply the invention, it
is only necessary that the  underlying data stream be recognizable by the
processor, or that appropriate analog to digital circuitry be provided at
the input interfaces so that the underlying information can  be properly
digitized to be stored on the data shuttle of the invention. 'r 2 MAR 2004
WO 01/020906 -5       Fig. 1 is a block diagram of an exemplary embodiment
o diagram shows the digitization and compression of an incoming vi so that
it may be appropriately stored on a disk 100 via the disk proc video
signals are applied to A to D converters 110, 112 whose out television
decoder 114 controlled by a microcontroller 116. The ou 114 also go to a
compression CoDec 118 whose operations are contr 120. The output of the
compression decoder which is now the digiti video information is applied
through disk processor 102 to the d supplies the digitized audio received
from audio A to D converte  output side, as illustrated in the blocks of
Fig. 2, the same disk pro PCT/US00/25266 the invention. The  diagram shows
the digitization and compression of an incoming video  and audio signal
so that it may be appropriately stored on a disk 100 via the disk
processor 102. The input video sugnals are applied to A to D converters
110,112 whose outputs are coupled to a  television decoder 114 controlled
by a microcontroller 116. The outputs of this decoder  114 also go to a
compression CoDec 118 whose operations are controlled by the SDRAM 



120. The output of the compression decoder which is now the digitized and
compressed video information is applied through disk processor 102 to the
disk 100,which also  supplies the digitized audio received from audio A to
D converters 140,142. On the output side,as illustrated in the blocks of
Fig.2,the same disk processor 102 would be used for the necessary file
management, content management, us arbitration and  streaming management.
The same CoDec 118 under the cooperative control of the  SDRAM 120 and the
microcontroller 116 would provide the necessary decoding of the
information before its transfer to the necessary audio D to A output
system 210 as well  as transfer of the digital data to the digital TV
encoder 220 which could then pass the  information on to the video D to A
222. Fig. 3 shows the elements bodied in the disk  shuttle to provide the
storage of digital audio and compressed digita video. Essentially,  the
same microcontroller is used, controlling the CoDec 118 in cooperation
with the  SDRAM 120 to receive and code the SPDIF input on line 310. The
rewire input on line  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 compress d
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. 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 lash 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  VCRs or the like can
all be stored on the hard disk drive incorporate in the data shuttle  and
supplied to any of a number of output devices through appropriate file and
bus - 2 MAR 2004 WO 01/020906 -6 PCT/USOO/25266 management.  An example of
a board level system which could well be implemented by a person of skill
in the art in this field and could be incorporated into the data shuttle
along with  a disk storage device of about one gigabyte for storage of the
received filed and managed  data is shown in Fig. 7. The functions
discussed with respect to Figs. 1 through to take continuous  streams of
digital information from a variety of sources and convey t em through
various  



interfaces incorporated into the data shuttle of this invention and convey
them across a  bus into a hard disk drive incorporated into a data shuttle
are shown integrated onto a single board in Fig. 7. In this figure, the
inputs from the various devices or sources of data are shown on the left
as are the outputs to potential destinations If the received data is in
analog form, it is digitized as shown for example at the upper left where
the  composite TV video signals 700 and the associated audio 702 are
applied to appropriate  A to D converters 704, and 706 and then conveyed
over buses to MPEG-2 encoder 710. The outputs of this MPEG-2 encoder 710
are transferred through a data packetizer  712 to the disk processor 714
which does the appropriate file management, bus  arbitration, content
management and stream management function; so that the data can  be stored
on a local hard disk drive 720. In this way, any desired video input
stream can      be converted, digitized, processed and stored for
selective access o the data shuttle.  The shuttle can also be connected
across an interface to a larger hard disk drive which is incorporated in a
nesting or docking device 760 for the shuttle. The disk  processor 714 can
then further transmit the stored digital data from the local disk drive
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 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 74 ,
e.g. through ATA  bus 734. When it is desired to offload or otherwise
access some o the contents of the  nesting device 760, the shuttle is
returned to the nesting device 760 and the disk processor 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 2 MAR 2004 WO 01/020906 i PCT/US00/25266  -7 and monitor
772 and controls 780-784 so that it can function independent of the dock
or nest when the shuttle rests in the dock 760 and the power supply 772
can be recharged.  Among other interfaces, the shuttle also includes an
input/output bus 720  



operative to handle SPDIF format. This input/output bus 720 runs directly
to the data  packetizer 712 and then across a bus to the disk processor
714. Another SPDIF input 722  for receipt of digital audio is an input to
the MPEG-2 encoder 710; the outputs of this    MPEG-2 encoder are also
conveyed to the disk processor 714 for storage on the local hard  disk 720
or the nesting hard disk 740. This digital audio source 722 can also be
applied to the MP3 encoder 724 whose outputs are connected directly to the
data packetizer 712  and then to the disk processor 714, so that any data
in SPDIF format can be stored and  selectively accessed.   A plurality of
bidirectional buses including a USB bus 730 a 1394 bus 732 and  an ATA bus
734 are also provided. The USB bus 730 may provide a bidirectional
connection for example to an MP3 player, a digital camera or a PC. Through
a USB PHY    740, and a packetizer 742, any of these devices is coupled
directly o the data packetizer  712 with their inputs and outputs then
conveyed through the processor 714 to the hard  disk drive 720. In similar
fashion, the 1394 bus 732 could be connected to a digital video  camera or
a PC or a digital VCR through an appropriate PHY 744 and packetizer 746 to
the data packetizer 712 and disk processor 714. Finally, the ATA b is 734
could connect a flash memory or other data storage device directly to the
disk pr cessor 714 and then to the disk drive 720. On the output side,
even as the SPDIF input 722 can be cony yed 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 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  modulator amp via a digital
video encoder 766 and an MPEG- decoder 768. The  MPEG-2 decoder receives
its video information from the depacketizer 712 and the disk 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
he nesting hard disk - 2 {BAR 2004 WO 01/020906 PCT/US00/25266 



740 is also available as a source. All of these functions are conducted
under the control  of the CPU 770 which in this example is Motorola 823E
which is supported by a power  supply 772 and monitor. The functions are
selected and the input and output source and destinations are  recognized
through an IR control 780 and the selected function isplayed on an LCD
display 782 on the face of the shuttle. Both of these are supported hrough
a control I/O  784 incorporated into the shuttle and controlling the
functions of the CPU 770 over the  bus 786. By virtue of this set of
controls and set of bus inputs, video inputs and the like, the  data
shuttle may be used to support and transportably enhance the limited
storage  capability of analog and digital electronic devices as listed
above. As an alternative example, this hard disk based shuttle could be
used to emulate  a conventional VHS VCR both in mechanical form factor,
and with both the standard  features and enhanced features, while
providing compatibility wit h conventional tape media. In one form, this
shuttle would replace the tape inside a VHS cassette shell with  a light
weight, low power hard disk drive. In the same way that a HS 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 processing mechanism or
pass directly through the same 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.
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 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.  The advantages of disk storage of audio/video
content is widely kn wn (random access,  clear forward/reverse scan,
lossless storage, record and play back simultaneously, etc.). 2 MAR 2004
WO 01/020906 .9_ PCT/US00/25266 However, the unique benefits to this
invention include but are not imited to: 



Backward compatibility with existing DV or other digital tape based
recorders   Convenient form factor which is highly transportable, while
capable of  reproducing tens of hours of high quality recording on a
single removable  assembly  Familiar human factors - superset of VHS VCR
features and human factors  No time associated loss of data, due to tape
particle decay, with all the benefits of  tape  Ability to provide
firmware data (e.g. DSP code) to pro am/optimize media  processors in
anticipation of multiple video types (e.g. ATSC video formats, SD  or HD)
Other uses, features and advantages ofthe present invention will become
apparent  to a person of skill in the art who studies the above invention
disclosure. Therefore, the  scope of the present invention is to be
limited only by the following claims. - 2 MAR 2004 -10 WHAT IS CLAIMED: 1.
A data shuttle and storage device comprising a hard disk drive, a
plurality of analog  and digital interfaces for providing from two or more
sources inputs i two or more  formats and providing two or more outputs
input in a plurality of formats, all of said data being stored through a
disk processor on said disk drive under the control of a shuttle  borne
microprocessor powered by a shuttle borne power supply, so that the
shuttle  provides media-independent plug-and-play data mobility for data
drawn from a plurality  of sources and provided to a plurality of
destinations. 2. A data shuttle as claimed in claim 1 wherein the onboard
microprocessor has connected thereto a plurality of input controls
accessible by a user of he shuttle to define  the source of the data
and/or the destination of the data. 3. A data shuttle as claimed in claim
1 further comprising a docking device associated  with the data shuttle
and incorporating a second, relatively high capacity disk drive, the
docking device being connected across one of the interfaces to the data
shuttle so that  data may be stored in the hard disk drive of the docking
device. 4. A data shuttle as claimed in claim 3 wherein the data from the
analog and digital  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. 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 o 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
permanent connection. 7. A data shuttle as claimed in claim 6 wherein
power supply  of the 4docking device is rechargeable from the docking
station.     W 2 MAR 2004 -11  8. A docking station as claimed in claim 1
further comprising a disk processor controlling   the bus running to the
hard disk drive in the data shuttle and operative to provide  appropriate
file management, bus arbitration, content management and stream
management functions on the data to be stored on the local hard disk
stored input stream can be selectively accessed on the hard disk drive, so
that any 9. A data shuttle as claimed in claim 8 including an MPEG-2
encoder and data packetizer      supplying data to the disk processor and
receiving input data from audio and video input sources so that data in an
MPEG-2 format can be stored and accessed on the hard disk  drive. 10. A
data shuttle as claimed in claim 2 including a USB bus, a 1394 us and an
ATA  bus connected to the disk processor and the hard disk drive so that
inputs and outputs  from a digital data accessory can be stored and
accessed directly over these buses. 




