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ABSTRACT OF THE DISCLOSURE

Interface apparatus is provided for enabling a
digital video recorder to function as a universal

data recorder. A random input data stream provided

at a first data rate is converted to a format that
emulates a video signal. The converted input data

is input, at a video signal data rate, to a digital
video recorder for storage. The stored converted

data is played back from the video recorder at the

video signal data rate. The retrieved data is then
converted back to the original format of the input
data stream at the first data rate.
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The present invéntion relates to the recordal
of digital data on a digital video recorder, and

more particularly to the use of a digital video

' recorder as a universal data recorder.
Digital video tape recorders are well known.
Due to their high cost, such devices are currently

used primarily by television programmers and

broadcasters to record television programs in a high

quality digital format. The programs may then be
transmitted in a conventional format such as over

the airwaves, via satellite, or via a cable

television network for receipt by television

viewers. It is expected that the cost of digital
video tape recorders will substantially decrease 1in

the future. At such time, such apparatus is

expected to become .a consumer product, replacing

current analog video tape recorders used in the
"home.

Digital video tape recorders receive signals in

a conventional digital television format.

example, a digital format analogous to the standard
NTSC (National Television Systems Committee) format

For

used to broadcast television signals in North
America can be used. The NTSC format provides
television channels in six MHz bandwidths that carry

video information on a line-by-line basis.

The
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video information for a given television line is
preceded by timing and control information for the
video data on that line. '

Various systems are known for transmitting data

5 on an analog video waveform. For example, scrambled
digital audio information can be transmitted in
nonvideo portions of a video waveform. Two such
systems are disclosed in U.S. patent no. 4,563,702

~entitled "Video Signal Scrambling and Descrambling
10 Systems" to Heller, et al and U.S. patent no.
4,613,901 entitled "Signal Encryption and
Distribution System for Controlling Scrambling and
Selective Remote Descrambling of Television Signals"
to Gilhousen, et al. These systems provide for
15 digital stereo audio transmission in the horizontal
blanking interval of an NTSC television signal.

In another known system, described in U.S.
patent 4,787,085 entitled "Digital Signal
Transmitting System" to'Suto, et al, digital signals

20  that are not limited to audio and video components
~ of a television signal are time division multiplexed
_ and modulated to form a signal having a bandwidth
R '_ .  corresponding to one channel portion of a television
B broadcast signal. A receiver extracts the digital
_ 25 data corresponding to a desired signal and supplies
}f | it to an appropriate appliance such as a computer,
. stereo set, or facsimile machine that converts the
data into a uséful form for a user. In the Suto, et
al system, all signals are transmitted in a digital
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format, requiring a separate receiver that is not
compatible with existing cable television converters
or satellite television receivers.

Improvements in television signal transmission
and reception are currently being developed using
digital technigques. For example, high definition
television systems are expected to be commercialized
in several years that transmit compressed digital
audio and video information to provide television
gquality far superior than that currently available.
Encoders for processing the digital HDTV signals are
very expensive. It would therefore be advantageous
to provide a system for sharing a single encoder
among various television programs. One way to do
this would be to record separately encoded program
signals for subsequent transmission via satellite,
cable or over the air. 1In this manner, a single
encoder could be used to encode any number of
programs for recordal prior to transmission. These
prerecorded programs could then be transmitted at
any time according to a broadcaster’s programming
schedule. |

It would be further advantageous to provide a
relatively simple and inexpensive scheme for
recording random data on a digital wvideo recorder.
The term "random data" as used herein means data
that is not limited to television signal (i.e.,
audio and video) data. In the HDTV context, such
data can include the compressed video digital data
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stream as well as audio data, access control data,
and timing data for a television signal. Such data
could also comprise nontelevision data, such as any
digital data stream received from a computer or
other device. The ability to use a digital video
recorder to record such random data would obviate
the need to purchase a separate storage device to
store nonvideo data.

The present invention provides an interface
that enables the recording and playback of random
data on a digital video recorder. The interface
connects to the input and output ports of a standard
digital video recorder, without requiring
modification of the recorder circuitry.
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In accordance with the present invention,

interface apparatus is provided for enabling a
digital video recorder to function as a universal
5 data recorder. First means convert an input data

stream having a first format and provided at a first::
data rate to a second format that emulates a
“digitized video signal. Means are provided for
inputting the converted input data, at a video

10  signal data rate, to a digital video recorder for
storage. In a preferred embodiment, the video
signal data rate is a multiple of a video subcarrier
frequency. Means are provided for retrieving the
stored converted data from the video recorder at the

15 video signal data rate. Second means convert the
retrieved data back to the first format at said

first data rate.
In a preferred embodiment, means are provided
for converting the converted input data, at the
20 video signal data rate, to an analog video signal.
‘ The analog video signal is input to a timing input
of the digital video recorder for use in
synchronizing the video recorder.
, The first converting means can comprise first
25 bit map means fdr'mapping bits from the input data
| stream to bytes corresponding to different video
;  ' . levels. Means are provided for writing said bytes
C . into a memory at a symbol rate that is a function of
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the first data rate. The bytes are read from the
memory at the video signal rate, and combined with
auxiliary data corresponding to at least one of
video synchronization, blanking and burst data to
provide a format emulating a digital video signal.
The first converting means can further comprise
serial to parallel converter means for receiving the
input data stream in a serial format and converting
it into a parallel format for input to the first bit
map means.

In an illustrated embodiment, the second
converting means comprise means for deleting the
auxiliary data from the retrieved data. The
retrieved data is written into a memory after the
auxiliary data has been deleted therefrom, at the
video data rate. Means are provided for reading the
retrieved, written data from the memory at said
symbbl rate. Second bit map means map bytes of the
data read from the memory into bits corresponding to
data in the input data stream.

The second converting means can further

comprise means for suspending the writing of the
retrieved data into memory during a vertical

blanking interval identified by the auxiliary  data.
In the event that the input data stream is received
as serial data, the second converting means comprise
parallel to serial converting means for converting
bits from the second bit map means to a serial
format at the first data rate.
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Means are provided for monitoring an amount of
space available in the memory used by the second
converting means. Means responsive to the
monitoring means detect if the memory is emptying or
filling at a rate faster than a threshold value

during a concurrent writing and reading of the

retrieved data to and from the memory. Means
responsive to the detecting means provide a timing
reference signal for input to the digital video
recorder. The timing reference signal is used to
control the rate at which data is output from the
digital video recorder, so that the memory level is
maintained substantially constant. Means responsive
to the monitoring means are also provided for
inhibiting the readihg of data from the memory until
the memory has been filled to a predetermined amount
of its capacity. - |

A nmethod in accordance with the present
invention converts an input data stream, provided at
a first data rate and carrying data that is not part
of a television program signal, into a digital video
recorder input signal having a format that emulates
a digitized video signal. The recorder input signal
is input to a digital video recorder at a second
data rate, which may be a multiple of a video
subcarrier frequency, used by the recorder to record
video data. Digital data is played back from the
video recorder by retrieving a recorded signal at
the second data rate, and converting the retrieved
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data to the equivalent of the input data stream at
the first data rate.

In a preferred embodiment, an analog video
signal is generated during playback of the digital
video recorder. The analog video signal contains
tinming information, that is input to a timing input
of the recorder. In this manner, the analog video
signal is used to correct the rate at which data is
output from the digital video recorder during
playback. |

The step of converting the input data stream to
the recqrder‘input signal comprises the steps of
mapping bits from the input data stream to bytes
corresponding to different video levels. The bytes
are written into a memory at a symbol rate that is a
function of the first data rate. Bytes are read
from the memory at said second data rate, and

- combined with auxiliary data corresponding to at

least one of video synchronization, blanking and
burst data to provide the recorder input signal.

In order to convert the retrieved data back to
the equivalent of the input data stream, the
auxiliary data is deleted. After such deletion, the
retrieved data is written into a memory at said
second data rate. This data is then read from the
memory at the symbol rate, and bytes of this data
are mapped into bits corresponding to data in the
input data stream. In a preferred embodiment, the
writing of the retrieved data into memory is
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suspended during a period of time corresponding to a

vertical blanking interval identified by the
auxiliary data.

The amount of space available in the memory
"into which the retrieved data is written is

monitored. In response to the monitoring step, a

determination is made as to whether the memory is
emptying or filling at a rate faster than a
predetermined threshold value when data is being
concurrently written to and read from the memory.

In response, a timing reference signal is provided
for input to the digital video recorder. The timing
reference signal controls the rate at which the
video recorder outputs recorded data therefrom. The
reading of data from the memory can be inhibited

during playback until the memory has been filled to
a predetermined amount of its capacity.
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In the drawings,

Figure 1 1s a block diagram illustrating the
interconnection betwéen a recorder interface in
accordance with the present invention and a

conventional digital video recorder;
| Figure 2 is a detailed block diagram of the 3
recorder interface illustrated in Figure 1l; and |

Figure 3 is a diagram illustrating random data
that has been formatted to emulate a video signal in
accordance with the present'invention.
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The present invention enables the recording and
playback of random data on a video recorder, such as
a digital video tape recorder. Those skilled in

the art will appreciate that future video recorders

nmay utilize data storage media other than magnetic R
tape, and all such alternatives are intended to fall
within the scope of the present specification and

claims.

Random data 1is defined herein as data in any
format, which can comprise nonvideo data such as
text data, numerical data, or control data, as well
as video data which may or may not be conmpressed.
Apparatus is provided consisting of an interface
that connects to the input and output ports of a
video recorder such as a D2 digital VCR or other
machine capable of recording and playing back a
diéitized video signal. No modification of the

~digital recorder circuitry is required. Storage of

digital data on video tape or the like for
subsequent playback and retrieval is thereby
provided.

A primary application for the apparatus and
method of the present invention is to record
compressed digital television data, for exanple in a
high definition television format, on a digital
NTSC video tape recorder. The ability to store such
data.on a conventional video recorder for future

. !
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playback and transmission will provide a substantial
econonic benefit to television broadcasters,
satellite programmers, and cable television
operators.

Figure 1 illustrates, in block diagram form,
the interconnections between the recorder interface
12 of the present invention and a digital video
recorder 1l4. Serial data and clock signals

generally.designated 10 are input to the interface
12 and converted to a parallel data stream.

Additional data is added by the recorder interface
to the parallel data stream to provide a new data
stream that emulates a digitized video signal. This
data stream is input to the digital video recorder
14 and recorded on a magnetic tape or other media.
Recorder interface 12 also generates an analog video
signal 16 which serves as a synchronization
reference for the digital video recorder 14. As
described in more detail below, the analog video
signal 1s used to control the rate at which data is

played back from digital video recorder 14, thereby

facilitating the efficient retrieval of the stored
data and reconstruction of the original input serial
data stream by recorder interface 12. The input
serial data and clock frequencies are limited only
by the operating limitations of the data processing
circuitry contained in recorder interface 12. 1In

the illustrated embodiment, the parallel data output

from recorder interface 12 and input to digital
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video recorder 14 is sent at a video signal data
rate of 14.31818 MHz. Those skilled in the art will
appreciate that this frequency 1is exactly four tinmes
the standard color burst frequency in an NTSC color
television signal.

Retrieval of the original input data 10 from
digital video recorder 14 is accomplished by placing
the digital video recorder in a playback mode of
operation. The recorded data played back by the
recordér is input to recorder interface 12, which
strips out the auxiliary data that had been added by
the interface. The recorder interface 12 then
converts the remaining parallel data from digital
video recorder 14 to a serial data stream at the
input data rate.

Figure 2 illustrates the recorder interface in
greater detail. The serial input data 10 is

converted by a serial to parallel converter 30 to

four-bit parallel data at one-fourth the input clock

‘rate (hereinafter referred to as the "symbol" rate).

The groups of parallel data bits are input to a bit
map 32, which can comprise a read only memory (ROM),
where they are mapped to eight bit bytes
corresponding to a desired range of video levels
(i.e., black to white'IRE values). The output of
the bit map 32 consists of a series of bytes that
are written during the record mode of operation into
a memory 36 via a record/playback switch 34a. The
data is written into memory 36 at the symbol rate.

. ] . N
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Those skilled in the art will appreciate that memory
36 can comprise either a first—-in first-out
register, or may be implemented in random access
memory (RAM). In either event, when power is
initially applied to the system, memory 36 is
cleared, all flags are reset and the start address
for writing to the memory is set into an address
counter. Writing of data into the memory then
proceeds at the constant symbol rate.

In a preferred embodiment, when enough bytes of
data have been written into the memory to fill about
20% of the memory capacity, the memory read function
is enabled by control circuitry 50. Data is read
from the memory in bursts at the 14.31818 MHz video
signal data rate. This is the data rate necessary
to input data to digital video recorder 14 (Figure

1). The start of data recording can occur anywhere
within an active video field 64 (Figure 3).

In accordance with the present invention, the
memory output data is strﬁCtured into groups of 728
bytes. As illustrated in Figure 3, this fills the
width of the video signal portion 64 of a digital

video waveform, where the video data is sampled from

sample number 152 to sample nunber 879.
The data bits output from memory 36 are input,
via record/playback switch 34b, to an output

conditioner 38. The output conditioner combines the

data bytes with the digital equivalents of video
blanking 58, synchronization 60, and burst 62
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signals ("auxiliary data") to generate a digitized
video signal in accordance with the SMPTE 240 M
standard. The digitized video signal 1s forwarded
to the digital video recorder’s input via
conventional input/output buffers 40.

Recorder interface 12 can accommodate a wide
range of data rates, since the input data rate 1is
limited only by the operational limitations of the
interface circuitry itself and not by other
constraints. Video lines not occupied by data are
presented to the video recorder at a fixed data
level, e.g., a grey level. As indicated in Figure
2, a digital to analog converter 42 is provided to
convert the digitized composite video output from
output conditioner 38 into an analog signal. This
analog video signal is input to the timing reference
input of the digital video recorder 14 for
synchronization purposes.

Playback of prerecorded data from the video
recorder is accomplished by performing the reverse
of the recording process. Prior to playing back the
data, memory 36 is cleared, all flags are reset and
the start address for writing is set into the memory
address counter. Prior to writing the playback data
into the memory, the auxiliary video data (sync,
burst and blanking) is deleted from the data by a
data extractor 44 that receives the data via
input/output buffers 40. Data extractor 44 operates
by responding to a "“start of data" window 66
generated by control circuitry 50 at an appropriate
time during each active video line, as illustrated

11111
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in Figure 3. Window 66 is three samples wide 1n
order to accommodate the fact that, during playback,
the video recorder may shift active video by two
samples in order to maintain the correct chroma
phase relationship. As indicated in Figure 3, the
window extends from sample number 150 to sample
nunber 153. The active video portion 64 of the
waveform nominally commences at sample 152. If,
during the time the window 1is open, a data byte is
detected that is not egquivalent to the grey level
of the signal, then the data is considered to be
valid data and the memory write process is started
by control circuitry 50 in response to an enable
signal output from data extractor 44. A counter in
the control circuitry is started in conjunction with
the write process. When 728 bYtes have been written
into memory, the write process 1is stopped until
valid data is again detected by the data extractor.
This sequence suspends the writing of data into
memory during the vertical blanking portion of the
emulated television waveform. |

- control circuitry 50 handles the timing and
advises data extractor 44 when to open and close the
start of data wihdow 66. Upon detecting the first
valid data bit, data extractor 44 outputs an enable
signal to control circuitry 50, so that writing of
the data into memory 36 can be commenced via the
issuing of a write signal on line 54. The data is
written into memory 36 in bursts at the 14.31818 MHz

'''''
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video data rate. The memory is permitted to fill to
about 80% of its capacity before a memory read

operation is initiated by control circuitry 50 via
read line 56.

The memory read operation is performed at the

symbol rate. After data is read out of the memory,
it is reformatted by a bit map 46, that can comprise .

a ROM. Bit map 46 performs an inverse of the
original bit mapping process performed by bit map
32. Thus, the original four bit data symbols are
output from bit map 46 to a parallel to serial
converter 48. The symbols are converted in
converter 48 to serial data, and butput at the

original clock rate as designated generally at 20.

The filling of memory 36 by the playback data
is controlled by varying the frequency of a voltage
controlled oscillator 52 that outputs the 14.31818
MHz clock signal. A VCO control signal (CTRL) is
outpﬁt'from the control dircuitry 50 for this
purpose. If memory 36 empties too quickly, as
detected by control circuitry 50 via a "full flags"®
signal from the memory, the output frequency of VCO
52 is slowly increased, thereby increasing the
reference input frequency slightly. This has the
net effect of increasing the output data rate of the
video recorder and, therefore, the input data rate
to the memory. Similarly, if the memory begins to
£fill up, the reference frequency output by VCO 52 is

q .
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decreased in order to slow down the output data rate
of the video recorder.
The recorder’s output data rate is controlled

by the analog video signal output from digital
analog converter 42. During the playback mode of

operation, the analog video signal will contain only

the auxiliary data (e.g., sync, blanking and burst)
output on line 57 from control circuitry 50. The
video recorder responds to the burst data contained
in the analog video signal to provide the necessary
playback data rate.

It should now be appreciated that the present
invention provides a method and apparatus for
enabling a digital video recorder to function as a
universal data recorder. This is accomplished by
converting an input data stream into a format that
emulates a video signal of the type the video
recorder is designed to record. The data to be
recorded is provided in the video information
portion of the video signal format. Auxiliary data,
corresponding to video sync, blanking and burst
information, is added to the data to be stored, and
the composite signal is input to the video recorder
for storage. On playback, the auxiliary data is
removed, and the data of interest is reformatted to
its original state.

Although the invention has been described in
connection with a preferred embodiment, those

skilled in the art will appreciate that numerous

-----

lllll



-v

LI S

19

adaptations and modifications may be made thereto

without departing from the spirit and scope of the
invention, as set forth in the claims.
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WE CLAIM:

1. Interface apparatus for enabling a digital
video recorder to function as a universal data recorder
comprising:

means for receiving an 1input digital data
stream in a first format at a first data rate that 1is
independent of a video signal data rate;

first means for providing data from said input
data stream in a second format that emulates wvideo
portions of a video signal, said second format comprising
a plurality of wvideo 1levels, each video 1level
representative of a group of at least two bits of said
input data stream, wherein successive groups of said
input data stream are bit mapped to bytes corresponding
to video levels of the second format, each group being
uniquely identified by a corresponding video level within

a range of at least four video levels extending from
black to white IRE levels;

means for outputting the data in said second
format, at said video signal data rate, to a digital
video recorder for storage;

means for retrieving the stored data in said
second format from said video recorder at said wvideo
signal data rate; and

second means for providing the stored data
retrieved from said video recorder in said second format

as a data stream in said first format at said first data
rate.

2. Interface apparatus in accordance with claim 1
further comprising:

means for converting the data in said second
format, at said wvideo signal data rate, to an analog
video signal; and

means for inputting said analog video signal to
a timing input of said digital video recorder.
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3. Interface apparatus in accordance with claim 1
wherein said first means comprise:

means for writing said bytes into a memory at
a symbol rate that is a function of said first data rate;
means for reading said bytes from said memory
at said video signal rate when enough bytes are available

to £ill the active video portion of a television line;
and

means for combining the bytes read from said
memory with auxiliary data corresponding to at least omne
of wvideo synchronization, blanking and burst data for
input to said digital video recorder in the form of
television lines in which the active video portion 1is
filled with a sequence of said video levels;

wherein said digital video recorder is provided
with a television line in which the active video portion
is set to a fixed video level not identified with any of

said groups when enough of said bytes are not available
to £ill the active video portion.

4 . Interface apparatus in accordance with claim 3
wherein said first means further comprise:

serial to parallel converter means for
receiving said input data stream in a serial format and

converting it to a parallel format to provide said
groups.

5. Interface apparatus in accordance with claim 3
wherein said second means comprise:

means for deleting said auxiliary data from the
retrieved data;

means for writing the retrieved data after said
deletion into a memory at said video data rate;

means for reading said retrieved, written data
from said memory at said symbol rate; and
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bit map means for mapping bytes of the
retrieved data read from said memory into bits

corresponding to data in said input data stream.

6. Interface apparatus in accordance with claim 5
wherein said first means further comprise:

serial to parallel converter means for
receiving said input data stream in a serial format and
converting it to a parallel format to provide said
groups; and

wherein said second means further comprise:

parallel to serial converter wmeans for
converting bits from said bit map means to a serial

format at said first data rate.

7 . Interface apparatus in accordance with claim 5
further comprising:

means for monitoring an amount of space
available in the memory used by sald second means;

means responsive to said monitoring means for
detecting if the memory is emptying or filling at a rate
faster than a threshold value during a concurrent writing
and reading of the retrieved data to and from the memory;
and

means responsive to said detecting means for
providing a timing reference signal for input to said
digital video recorder.

8. Interface apparatus in accordance with claim 7
further comprising:

means responsive to said monitoring means for
inhibiting the reading of retrieved data from said memory
until the memory has been filled to a predetermined

amount of its capacity.

9. Interface apparatus in accordance with claim 7

further comprising:
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digital to analog converter means for

converting said auxiliary data to analog form to provide
saild timing reference signal.

10. A method for using a digital video recorder to
record random data, comprising the steps of:

converting an input data stream, provided at a
first data rate in a first format and carrying digital
data that is not part of a television program signal,
into a recorder input signal having a second format that
emulates video portions of a video signal, said second
format comprising a plurality of video levels, each video
level representative of a group of at least two bits of
said input data stream, wherein successive groups of said
input data stream are bit mapped to bytes corresponding
to video levels of the second format, each group being
uniquely identified by a corresponding video level within
a range of at least four video levels extending from
black to white IRE levels; and

inputting the recorder input signal to a
digital video recorder at a second data rate independent

of said first data rate and used by said recorder toO
record video data.

11. A method in accordance with claim 10 wherein
said digital video recorder is used to playback random
data, comprising the steps of:

retrieving a recorded signal from said video
recorder at said second data rate; and

converting the retrieved data to said first
format at said first data rate.

12. A method in accordance with claim 11 comprising
the further steps of:
generating an analog video signal containing

timing information during playback of said digital video
recorder; and
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inputting said analog video signal to a timing
input of said digital wvideo recorder;

wherein said analog video signal 1is used to
control the rate at which data is output £from said
digital video recorder during playback.

13. A method in accordance with claim 10 wherein
said step of converting said input data stream to said
recorder input signal comprises the steps of:

writing said bytes into a memory at a symbol
rate that is a function of said first data rate;

reading said bytes from said memory at said
second data rate when enough bytes are available to fill
the active video portion of a television line; and

combining the bytes read from said memory with
auxiliary data corresponding to at least one of wvideo
synchronization, blanking and burst data to provide said
recorder input signal in the form of television lines 1n
which the active video portion is filled with a sequence
of said video levels;

wherein said recorder is provided with a
television line in which the active video portion is set
to a fixed video level not identified with any of said

groups when enough of said bytes are not available to
fill the active video portion.

14 . A method in accordance with claim 11 wherein
said step of converting said input data stream to said
recorder input signal comprises the steps of:

writing said bytes into a memory at a symbol
rate that is a function of said first data rate;

reading said bytes from said memory at said
second data rate when enough bytes are available to fill
the active video portion of a television line; and

combining the bytes read from said memory with
auxiliary data corresponding to at least one of wvideo

synchronization, blanking and burst data to provide said
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recorder input signal in the form of television lines in
which the active video portion is filled with a sequence
of said video levels, wherein said recorder is provided
with a television line in which the active video portion
ig set to a fixed video level not identified with any of
said groups when enough of said bytes are not available
to fill the active video portion; and

said step of converting the retrieved data to
said first format comprises the steps of:

deleting said auxiliary data;

writing the retrieved data after said deletion
into a memory at said second data rate;

reading said retrieved, written data from said
memory at said symbol rate; and

mapping bytes of the retrieved data read from

said memory into bits corresponding to data in said first
format.

15. A method in accordance with claim 14 comprising
the further steps of:

monitoring an amount of space available in the

memory into which the retrieved data is written;

detecting, in response to said monitoring step,

if the memory is emptying or filling at a rate faster
than a threshold value during a concurrent writing and
reading of the retrieved data to and from the memory; and

providing, in response to said detecting step,
a timing reference signal for input to said digital video

recorder.

16. A method in accordance with claim 15 comprising
the further step of:

inhibiting the reading of data from said memory
during playback until the memory has been filled to a
predetermined amount of its capacity.
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17. Interface apparatus in accordance with claim 3
wherein said bytes each comprise eight bits of data and
are output to said digital video recorder 1n Dbursts of
about 728 bytes at a time.

18. Interface apparatus in accordance with claim 17

wherein said video signal data rate is about 14.31818
MHZ.
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