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TELEVISION SIGNAL DATA TRANSMISSION

SYSTEM

RELATED APPLICATIONS

The present application is a continuation—in-part (CI?) of
co-pending US. application Ser. No.08t‘767,371 liled Dec.
16, 1996.

FIELD OF TIIE INVENTION

The present invention relates to the field of high-speed
data transmission, and more particularly, to a system for
providing high-speed data transmission using a television
signal.

BACKGROUND OF THE INVENTION

There has been a failure in the field of data transmission

systems to recognize the potential of a television signal, and
in particular, the large bandwidth available using a television
signal. At present, methods of encoding data into a television
signal have been restricted to relatively low bandwidth and
inefficient use of the television signal medium. The reason
for this appears to be that the data encoding methods in use
were designed more than twenty-five years ago, and the
bandwidth required for the original purpose is relatively low.
For instance, these methods were designed to allow a
television signal to carry closed-captioning andfor teletext
information. The data rate needed for carrying this informa-
tion is extremely low, and though the bit rate of the data
transmission was fairly high {e.g., 4.5 million hits per
second in bursts), the overall bandwidth utilization of the
television signal generally does not exceed 45,000 bits per
second, Moreover, the data encoding methods used for
captioning and teletext are fairly rudimentary. In this regard,
these methods divide a signal line of a television picture up
into a number of time slices, and then impress digital
information into the slots as a series of black or white spots,
representing the digital values of zero and one. The data
bytes are encoded into changing voltages (i.e., black and
white spots), and decoded back into bytes by using a
commonly available electronic device, such as UART
(Universal Asynchronous Receiver Transmitter) or an ACIA
(Asynchronous Communications Interface Adapter). One
limitation ofthis "binary coding" scheme is that it limits the
data transmission rate. In order to achieve greater transmis-
sion rates, data has been encoded into complex wavefomis,
such as tones, which are then phase, frequency, and ampli-
tude modulated in order to carry the information. For
instance, this method is used in data modems for use in

longer distance high-speed communications. Other forms of
encoding for high-speed data transmission include RF
(Radio Frequency) modulation, networks such as Ethernet
or Arcnet, 0AM {Quadrature Amplitude Modulation), ASK
(Amplitude Shift Keying), I’SK (Phase Shift Keying}, FSK
(Frequency Shift Keying), TCM (Trellis Coded Modulation)
and QPSK (Quadrature Phase Shift Keying). All of the
foregoing methods encode data on to waveforms for
transmission, which is the next step beyond raw digital data.

In order to derive further benefits from the use of the

television signal as a transmission medium, it would be
advantageous to encode multiple data bits in parallel as
discreet levels into the television image.

The “information highway” ot' the future relies on high-
Speed data transmission to distribute image, soqu and video
to multiple access points worldwide. Currently, the distri-
bution bottleneck is the data rate (defined in bits per second)
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capabilities of the communications medium in use. For
example, one minute ol‘oompressed digital video data may
be represented by approximately ten megabytes of data.
Currently available communications mediums include voice
grade modems, leased line modems, ISDN services. fiber»
optic or high-speed land-line links, radio modems and
satellite data links.

Prior art approaches to achieving higher data transmission
rates have typically involved trying to compress the data or
to pack more bits per basic transmission unit (baud) within
the same channel bandwidth. For example, a 9.6 Kbps
modem for use on standard two-wire telephone lines oper-
ates within the 3 Khz bandwidth available. To reach 9.6

Kbps, it may use a basic baud rate of 2400 baud, and encode
4 bits per baud. The “baud“ defines a number oftransitions
made on the base carrier each second, and the number of bits

per baud multiplied by the baud rate provides a number of
bin; per second (bps).

Another aspect of the present invention is directed to the
encoding of digital data. Prior art data encoding methods for
encoding digital information have used two voltage levels,
where each voltage level represents a single bit. In this
respect, a first voltage level represents a digital value “0,"
while a second voltage level represents a digital value "1."
As a result, a set of eight of these voltage levels is needed
to encode one byte of digital data. Data bytes are encoded
into changing voltages and decoded back into bytes. This is
typically done by using a UART or an ACIA. UARTs
convert parallel data (usually eight-bit words) to a serial data
stream for transmission over a single wire cable and likewise
convert a received serial bit stream to parallel words. The
serial data streant is comprised of a signal having two
voltage levels, one representing a digital “U,“ the other
representing a digital “1.”

In many cases, the data rate achievable by UARTs and
ACIAs is insu flicient for the desired application. In order to
achieve greater data rates for high~speed communications,
data has been encoded into complex waveforms such as
tones, which are then phase, t‘requency and amplitude modu-
lated. As mentioned above, data has been encoded using RF,
QAM, ASK, PSK, FSK, TCM and QPSK. All of the

foregoing methods encode data into AC waveforms for
transmission.

The present invention provides a novel system for trans-
mitting and receiving digital data using a conventional
television signal for data transfer. In a preferred embodiment
of the present invention an encoding system is used which
overcomes the data transfer rate limitations of the prior art
encoding systems, and provides a system for encoding
multiple data bits in parallel as transitions between discrete
levels.

SUMMARY OF THE INVENTION

In accordance with a preferred embodiment of the present
invention, there is provided a television signal data trans-
mission system having a transmitter for encoding digital
data and a mock television signal, and a receiver for decod-
ing the encoded digital data and the mock television signal.

It is an object of the present invention to provide a data
transmission system which uses a conventional television
signal to transmit encoded digital data at very high data
transmission rates.

It is another object of the present invention to provide a
data transmission system which encodes mock television
signals to comply with government standards for regular
broadcast television signals.
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It is another object of the present invention to provide a
data transmission system which uses a multi-level encoding
system to further increase the data transmission rate.

It is another object of the present invention to provide a
data transmission system which uses a television signal as a
high—speed data transmission medium.

It is still another object of the present invention to provide
a data transmission system which uses the active video
portion of the television signal to transmit data.

It is still another object ofthe present invention to provide
a data transmission system which significantly reduces the
data transmission time and cost.

It is yet another object of the present invention to provide
a data transmission system which uses standard, readily
available television transmission and receiving devices.

It is yet another object of the present invention to provide
a data transmission system which provides greater band-
width at lower cost.

These and other objects will become apparent from the -
following description of a preferred embodiment taken
together with the accompanying drawings and appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

'Ihe above-mentioned and other features and objects of
the invention and the manner of attaining them will become
more apparent and the invention will be best understood by
reference to the following description of an embodiment of
the invention taken in conjunction with the accompanying
drawings and appended claims, wherein:

FIG. 1 is a state diagram for encoding two different input
values into three output levels, according to a preferred
embodiment of the present invention;

FIG. 2 is a state diagram for encoding three diflcrent input
values into four output levels, according to a preferred
embodiment of the present invention;

FIG. 3 is a state diagram for encoding four dilIerent input
values into five output levels, according to a preferred
embodiment of the present invention;

FIG. 4 is a timing diagram illustrating the encoding of
four difl’erent input values according to the state diagram
shown in FIG. 3;

FIG. 5 is a flow chart illustrating a preferred embodiment
of the algorithm for encoding the input values according to
the state diagram shown in FIG. 3;

FIG. 6 is a flow chart illustrating a preferred embodiment
of the algorithm for decoding output levels into input values;

FIG. '7 is a timing diagram illustrating the encoding of
four different input values;

FIG. 8 is a block diagram ofthe hardware arrangement for
implementing the encoding algorithm of the present inven—
tion;

FIG. 9 is a block diagram ofthe hardware arrangement for
implementing the decoding algorithm of the present inven-
tion;

FIG. 10 is a horizontal timing pictorial for an NTSC
compatible television signal;

FIG. 11 is a vertical timing pictorial for an N'I‘SC corn—
patible television signal;

FIG. 12 is a block diagram of the television signal data
transmission system, according to a preferred embodiment
of the present invention;

FIG. 13 is an NTSC television signal waveform for a
black and white television transmission:
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FIG. 14A is a table showing the states of the encoder state
machine and corresponding outputs of the encoder;

FIG. 14B is a timing diagram showing the digital encoded
data for the first four phases ot'an NTSC signal and the first
two scan lines of the active video phase;

FIG. 14C is a timing diagram showing the digital encoded
data for the first scan line shown in FIG. 143;

FIG. 14D is a timing diagram showing the digital encoded
data for a portion of the first scan line shown in 1’10. 14C;

FIGS. 15A and 1513 provide a diagram illustrating the
control unit logic for encoding data;

FIGS. 16A and 168 provide a diagram illustrating the
control unit logic for decoding data;

FIG. 17 is a table showing the outputs of the decoder state
machine and corresponding inputs;

FIG. 18 is a table showing the outputs for various signal
generated by the control unit logic for decoding data; and

FIG. 19 is a timing diagram showing the outputs of the
decoder.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In a preferred embodiment of the present invention, a
novel system for encoding N input values into at least N+I
output levels is used. This novel encoding system is
described in detail below. However, it should be appreciated
that other suitable encoding systems may be used with the
present invention to yield similar results In a preferred
embodiment ofthe novel encoding system each output level
is represented by a different voltage. However, each output
level may also be represented by a different frequency,
phase, or amplitude. Referring now to the drawings wherein
the showings are for the purpose of illustrating a preferred
embodiment of the invention only. and not for the purpose
of limiting same, FIG. I shows a state diagram 20 illustrat-
ing the transition between states for encoding two different
input values {i.e., “0" and “1“) into three output levels (i.e.,
output levels A, B and C), according to a preferred embodi-
ment of the present invention. For instance, beginning at
state 22 (output level A}. if the next input value is a "O," the
system transitions to state 24 (output level B). In contrast, if
the next input value is a “1," the system transitions to state
26 (output level C). The system will transition from one state
to one of the other two remaining states as each consecutive
input value is encoded. Importantly, it should be noted that
no two consecutive input values will be encoded as the same
output level.

FIG. 2 shows a state diagram 30 illustrating the transition
between states for encoding three input values (i.e., “0,“ " l "
and "2") into four output levels (i.e., output levels A, B, C
and D), according to a preferred embodiment of the present
invention.

FIG. 3 shows a state diagram 40 illustrating the transition
is between states for the encoding of four input values (i.e.,
"O”, "l", "2” and “3",' into five output levels (i.e., output
levels A, B, C', I) and E), according to a preferred embodi-
ment of the present invention. It should be appreciated that
since there are four input values, each input value may
represent a bit pair (1e, “m," "01," " l0,” and "11").

Therefore, each output level will represent two bits, rather
than one bit, as in conventional encoding systems.
Moreover, where N different input values are encoded into
at least N+l output levels, each input value can represent
log2(N) bits. As a result of using a single input value to
represent a plurality of bits, higher data transfer rates are
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achievable, and bandwidth can be conserved. 11 should be
appreciated that while in a preferred embodiment of the
present invention the input values encode base 2 data (i.e.,
log:(N) bits} the input values may also encode base X data.
Therefore, the input values may represent values 0 through
X—l in base X with the encoded output having at least X
dilIerent output levels. It should also be understood that
there may be more than N+1 output levels and transitions
thereof for encoding N dill'erent input values. This allows for
simplified implementation of various error detection and
correction methods.

A detailed description of the present invention as applied
to the encoding of four input values into five output levels,
will now be described with reference to FIGS. 4 and 5. FIG.

4 provides a timing diagram 50 which shows the transition
of the output levels as each input value is encoded. It should
be appreciated that in the embodiment shown in FIG. 4, each
input value represents a bit pair. For the purpose of
illustration, input value “0” represents bit pair "01," input
value "1“ represents bit pair “01," input value “2“ represents
bit pair “10“ and input value '3" represents bit pair “I l As -
can be seen from FIG. 4, each consecutive output level will
be different. Each output level A thru E is a discrete voltage
level. For instance, output levels A thru E may correspond to
voltages in the range of U to 5 volts. The input values shown
in FIG. 4 are encoded into output levels A thru Ii according _
to the algorithm shown in llow chart 60 of FIG. 5. Beginning
with step 62, a FIRST [lag is set to TRUE. This will indicate
that this is the lirst input value to be encoded. At step 64, an
input value will be read in. Next, at step 66, it is determined
whether the input value is the first input value to be encoded,
by determining the status of the FIRST flag. If the input
value is the first input value to be encoded, a first set of rules
(steps 70—76) will be applied. If the input value is not the
first input value to be encoded, it will be determined whether
a second set of rules (steps 80—86) should be applied. as will
be discussed below. For instance, in FIG. 4, the first input
value is a “0” (corresponding to hit pair “0”). Accordingly,
the conditions exist for applying the first set of rules. In
particular, step 70 will be executed. In this respect, the
output level will be set to A and the LAST variable will be
set to “U.” The LAST variable is used as the reference value

to determine the appropriate set of rules to be applied
following the first input value, as will be described below in
connection with step 68.

It should be understood that only one of the steps 70—76
will be valid when applying the first set of rules.
Accordingly, step 90 will follow step 70. Step 90 sets the
FIRST flag to FALSE. for the subsequent input values. The
algorithm then returns to step 64 to read in the next input
value. In FIG. 4, the next consecutive input value is a "1."
Since the FIRST flag is now set to FALSE, the algorithm
will proceed from step 66 to step 68. At step 68. it is
determined whether the input value is less than the LAST
variable. This step determines whether the first set of rules
(steps 70—76) should be applied or whether the second set of
rules (steps 80—86) should be applied. In the present
example, the input value of "l“ is greater than the LAST
variable, which has been previously set to “U” at step 70.
Therefore. the algorithm will apply the second set of rules
(steps 80—86). Since the input value is “1," step 82 will be
executed. Step 82 sets the output level to C and the LAST
variable to 2. The algorithm then proceeds to step 90 and
returns again to step 64 for reading in the next consecutive
input value. The algorithm will continue in this manner until
all of the input values have been encoded as output levels.

With reference to FIG. 4, it should be appreciated that the
output level of the preceding encoded input value will
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determine the output level for the next consecutive encoded
input value. In particular, the next consecutive input value
will be encoded as one of the four remaining output levels.
As a result, when two consecutive input values are the same,
such as the consecutive 3‘s following the first three input
values in FIG. 4, each of the 3’s will be encoded as different
output levels. In the case of the lirst “3," the output level is
E, whereas the second 3 is encoded as output level D. Since
no consecutive output level will be the same, the output
levels will transition for each consecutive encoded input
value.

Referring now to FIG. 6, there is shown a [low chart 100
which illustrates an algorithm for decoding output levels
back into input values, according to a preferred embodiment
ofthe present invention. Beginning with step 102, the FIRST
flag is set to TRUE indicating that this is the first output level
to be decoded. At step 104, the output level is read in. For
steps 106—114. an input value is determined based upon the
output level read in. However, in some cases this input value
will be modilled, as will be explained below in connection
with step 118. Therefore, the decoded input value will be
determined based upon a set of rules determined by both the
current output level and one or more prior output levels. If
the output level is the first output level read in (i.e., FIRST-
'I‘RUE), then the input value is not modified. In this respect,
the algorithm will proceed from step 116 to step 120 where
the LAST variable will be set the input value 5. It should be
appreciated that the LAST variable is used to (let if an input
value needs to be modified, as will be explained in connec-
tion with step 118. Proceeding next to step 122, the FIRST
flag is set to FALSE for reading subsequent output levels. At
step 124, the input value is stored. The algorithm now
returns to step 104, to read in the next consecutive output
level. After evaluating the output level at steps 106—114, if
the FIRST flag is no longer true (step 116), the algorithm
proceeds to step 118. At step 118, it is determined whether
the input value (obtained at one of the steps 106—114) is
greater than the LAST variable If so, the input value is
modified by decrementing it by one. If the input value is not
greater than the LAST variable. then the input value is not
modified. The algorithm then proceeds to step 120, where
the LAST variable is set equal to the present input value, and
step 122. At step 124, the input value is stored. The algo-
rithm then returns to step 104 to read in the next consecutive
output level. The algorithm will continue in this manner
until all of the output levels have been decoded back to the
original input values.

As noted above, each consecutive output level in the
encoded waveform will be dilTerent, and thus necessitate a
transition. As a result, the decoding system will not require
an external clocking signal to synchronize with the encoded
waveform. In this regard, the decoding system is self-
synchronizing with the encoded waveform by using the
transition of each consecutive output level as the indicator
that a new output level has been received for decoding.
Thus, the decoder can be easily synchronized with an
encoded waveform having a variable transmission speed.

It should be understood that while FIGS. 4—45 show the

implementation of only live output levels, the number of
output levels may be significantly greater. As a result, the
number of different input values may also be significantly
greater. By increasing the number of output levels and input
values, the number of bits represented by each input value
can also be increased. Accordingly, as noted above, the
present invention can be used to substantially increase the
data transfer rate and conserve bandwidth.

It should aLso be appreciated that FIGS. 4—6 illustrate
fixed timing relationship between one output level and the
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next solely the purpose of illustrating the present invention.
In this regard, the time scale itself is completely arbitrary,
and the time required to transition from one output level to
another is also completely arbitrary. Accordingly, it should
be understood that the present invention can maximize the
use of available bandwidth by varying the timing relation-
ship from one transition to another For example, in a
bandwidth limited transmission medium, a change from one
output level to a nearby output level, such as from A to B,
will stabilize quickly, whereas a change from one output
level to a distant output level, such as from Ato E, will take
longer to stabilize. Therefore, small changes can be trans-
mitted more quickly. FIG. 7 provides a timing diagram 160
which shows the timing where stabilization of the transitions
varies depending upon the relative dilference between con—
secutive output levels. As can be seen from the diagram, the
time for a single level change {e.g., A to B) takes approxi~
mately half the time needed for a change of two levels (e.g.,
B to D).

It should be appreciated that large changes between
consecutive output levels may generate significant noise,
and thus require increased bandwidth. As a result, it might
be necessary in some cases to limit the changes between
consecutive output levels to the nearest 50 percent of the
available output levels. Therefore, there may be more than
N+l output levels for encoding N input values. For instance,
an encoder having ten output levels might produce a step of
one of four levels per each transition, encoding two hits at
a time, but reducing the needed bandwidth of the channel.

Referring now to FIG. 8, there is shown a block diagram
of a hardware arrangement 130 for encoding input values
into output level transitions. Arrangement 130 is generally
comprised of a buffer 132, encoding logic 134, and a
digital~to—analog converter 136. In a preferred embodiment
of the present invention, bufier 132 is a FIFO chip for
buffering the received data. For instance, butler 132 may
take the form of a Cyprus Semiconductor CY7C464. Encod—
ing logic 134 is programmed to implement the algorithm in
the manner as described in connection with MG. 5. In a

preferred embodiment of the present invention, encoding
logic 134 takes the form of an EPLD device, as the Altera
EPM7128EI.C. Digital-to-analog converter 136 may take
the form of an 8~bit video DAC, such as the 'l‘DASTOZ from

Philips Components.
Arrangement 130 operates in the following manner.

Unencoded data is stored in buffer 132. The unencoded data

are input values which may represent one or more bits.
Encoding logic 134 reads out the unencoded data and
encodes it into output levels transitions which are sent to
digital-to-analog converter 136. It should be appreciated that
the analog coded data may be transmitted using a variety of
dilfercnt mediums. including a television signal. For
instance, encoded data may be transmitted during the active
video portion of the television signal. Accordingly, large
quantities of data can be quickly and conveniently trans-
ferred.

Referring now to FIG. 7, there is shown a block diagram
of hardware arrangement 150 for decoding output levels
transitions into input values. Arrangement 150 is generally
comprised of an analog—to—digital converter 152, a bulfer
154 and decoding logic 156.Analog-to-digital converter 152
is preferably an 8-bit video ADC, such as the 'l‘DA87USB
from Philips Components. In a preferred embodiment of the
present invention, buffer 154 is a I'-‘II-‘0 chip for bulIering
than digital data. For instance, buffer 154 may take the form
of a Cyprus Semiconductor CY70164. Decoding logic 156
is programmed to implement the algorithm in the manner as
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described in connection with FIG. 6. In a preferred embodi-
ment of the present invention, decoding logic 156 takes the
form of an EPID device, such as the Altera EPM7128EI.C.

Arrangement 150 operates in the following manner.
Analog-to-digita] converter 152 receives the encoded output
levels and converts them to digital data, Bufier 154 stores
the digital data. Decoding logic 156 reads out the digital data
from bu tier 154 and decodes the encoded output level
transitions into input values. These input values in turn may
be converted to one or more bits.

It should be appreciated that arrangements 130 and 150,
as described above, are provided solely for the purpose of
illustrating a preferred embodiment of the present invention
and that numerous other arrangements are suitable as well.

As indicated above, digital data encoded as analog coded
data may be transmitted using a variety of dificrent
mediums, including a television signal. In this regard,
encoded data may be transmitted during the active video
portion of a television signal, thus allowing for extremely
high data transfer rates. A data transmission system includ-
ing a system for encoding the digital data as encoded analog
data and transmitting the encoded analog data as a mock
television signal compatible with the NTSC standard, and a
system for receiving the encoded analog data as a mock
television signal compatible with the NTSC standard and
decoding the encoded analog data to retrieve the original
digital data, will now be described in detail. It should be
appreciated that while the present invention is described
with reference to a "television signal" (which includes VHF
and UHF FM RF signals, cable TV signals, satellite TV
signals, microwave TV signals and closed—circuit TV
signals), the present invention is also applicable to other
radio frequencies.

Reference is first made to FIGS. 10 and 11, which
respectfully illustrate horizontal and vertical timing for an
N’l‘SC—compatible television signal. It should be appreciated
that while the present invention will be described with
reference to an N’I‘SC-compatible television signal, the
present invention may be modified for use with other
television signal standards, including PAL, SECAM, HDTV,
as well as proprietary television signals. As is well known,
the NTSC specification calls for interlace scanning. A scan—
ning pattern has 262.5 lines per field and two fields per
frame. Therefore, each frame has 525 lines, which forms one

complete image. Moreover, the scanning rate is 15,750 lines
per second (i.e., 63.55 ysec per line), thus providing 30
frames per second (Le, 60 fields per second). It should be
understood that the value 15,750 lines per second and 60
fields per second are approximate values. The actual values
are dependent upon whether a color or black & white
television signal standard is being used. In a preferred
embodiment of the present invention frequencies for a color
signal are used, thus there are 157341.265 scan lines per
second and 59.94 fields per second. Ilowever, approximate
values are used herein for the purpose of describing the
present invention.

To prevent horizontal retrace lines from being observed
on the screen as the electron beam scans horizontally across
the screen to begin a tracing a new line, a horizontal
blanking pulse is applied to the video signal, the leading
edge of which precedes the leading edge of a horizontal
synchronizing pulse. Accordingly, a horizontal blanking
interval of 11.122 gtsec is established, during which a
horizontal synchronizing pulse lasting 4.77 Irisec is gener-
ated. Since the horizontal blanking period is 11.122 Jtrsec
(including the 4.77 ,rtsec for the horizontal synchronizing
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pulse) and there are 63.555 Inset: per line, this leaves 52.433
lriser: for an active video period per line, during which visual
information is displayed (FIG. 10).

Similarly, to prevent vertical retrace lines from being
observed on the screen as the electron beam scans vertically
across the screen to begin tracing another field, a vertical
blanking pulse is applied to the video signal (FIG. 11).
Accordingly, a vertical blanking interval of 21 lines (i.c.,
1.334 millisec) is established, during which a vertical syn-
chronizing pulse (0.381 millisec) and equalizing pulses (2.3
risec each) are generated. Since the vertical blanking period
is 21 lines or 1.333 millisec (including the 0.381 millisec for
the vertical synchronizing pulse and the 2.3 psec for equal-
izing pulses), this leaves only 241.5 lines (1533 milliscc) for
an active video period per field, (FIG. 11}. Of course, some
of this active video period per field will be unavailable for
displaying information due to the horimntal blanking inter-
val described above.

The NTSC standard waveform is divided into live phases:
poi-equalization, serration, post-equalization, subphase and .
“video active”. The first four phases occur during the
vertical blanking interval, while the "video active“ phase
occurs during the active video period and the horizontal
blanking interval.

In a preferred embodiment of the present invention the _
active video period of the television signal is used to
transmit encoded digital data. At the same time, “mock"
blanking, synchronizing, and equalizing pulses are gener-
ated to comply with the NTSC standard. However. it should
be appreciated that the present invention is suitably modified
to also transmit encoded digital data during horizontal and
vertical blanking intervals, since in actuality the present
invention makes no use of the signals generated during these
intervals. The "mock” signals are generated solely to comply
with the requirements of the NTSC standard.

Referring now to FIG. 12, there is shown a block diagram
of television signal data transmission system 200. Data
transmission system 200 is generally comprised of a
transniitterfencoder 202, a receiver 302, general purpose
computer systems 210 and 310, and a communications
medium 191]. Transmitteriencoder 202 includes an oscillator

204, a digital-to-analog (DEA) converter 206, a control unit
220 and a FIFO (First-InAFirst-Oul) memory 208. Oscillator
204 provides a clock signal to both Dr‘A converter 206 and
control unit 220. Oscillator 204 takes the form of a suitable

high speed crystal oscillator of approximately 25 MHz (e.g.,
25.175 Mhz) or other suitable frequency. DEA converter 206
receives encoded data in a digital form from control unit
220, and converts it to corresponding analog data. In a
preferred embodiment of the present invention DEA con-
verter 206 takes the form of an 8—bit video DEA converter,

such as the TDA8702 from Philips Components. Control
unit 220 performs the operations necessary to encode data,
as will be described in detail below. Control unit 220

communicates with FIFO (first-in-Iirst-out) memory 208
and with computer system 210 (via PC bus 212). In this
regard, control unit 220 receives status data from FIFO 208
and sendslreceives data tor‘from FIFO 208. FIFO 208 stores
the raw data to be encoded. Control unit 220 also send status

data to computer system 210 and sendsrreceives data toffrom
computer system 210. In a preferred embodiment of the
present invention, control unit 220 takes the form of a
suitable logic device, such as an EPLD, PAL, GAL, PLD,
FPUA, ASIC or CPU. For purposes of illustrating a pre-
ferred embodiment of the present invention control unit 220
takes the form of an Altera EPM7128E[.C EPLI).

Importantly, the EFLD provides for parallel logic, which
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allows for simultaneous operations. In a preferred embodi-
ment of the present invention FIFO 208 takes the form of a
Cyprus Semiconductor CY”EC-€164.

It should be appreciated that a preferred embodiment of
transmitterrencoder 202 does not inciude a standard 358

MHZ color reference oscillator. In this regard, a “mock"
black & white signal is generated, in order to attain higher
bandwidth available for encoding data.

Receivert‘decoder 302 includes an oscillator 304, an
analog-to-digital (DEA) converter 306, a control unit 320 and
a FIFO (First-In-First-Out) memory 308. Oscillator 304
provides a clock signal to both DEA converter 306 and
control unit 320. Oscillator 304 takes the form of a suitable

high speed crystal oscillator of approximately 25 MHz (e.g.,
25.175 Mhz},or other suitable frequencyAfD converter 306
receives encoded data in a digital form from control unit
320, and converLs it to corresponding analog data. In a
preferred embodiment of the present invention NI) con-
verter 306 takes the form of an 8-bit video AID converter,
such as the TDA87USB from Philips Components. Control
unit 320 performs the operations necessary to decode data.
as will be described in detail below. Control unit 320

communicates with l-‘Il-‘O 308 and with computer system
310 (via PC bus 312). In this regard, control unit 320
receives status data from Flt-‘0 308 and sendsrreceives data
toifrom FIFO 308. FIFO 308 stores the decoded data.

Control unit 320 also send status data to computer system
310 and sendsrreceives data tolfrom computer system 310.
In a preferred embodiment of the present invention, control
unit 320 takes the form of a suitable logic device, such as an
EI’LD, PAL, GAL, PLD, FI’GA, ASIC or CPU. For purv
poses of illustrating a preferred embodiment of the present
invention control unit 320 takes the form of an Altera

EPMTIZSEIC EPID. As noted above, the HP! .1) provides
for parallel logic, which allows for simultaneous operations.
In a preferred embodiment of the present invention FIFO
308 takes the form of a Cyprus Semiconductor CY7C464.

In a preferred embodiment of the present invention,
computer systems 210 and 310 take the form of an 80x86 or
Pentium based personal computer (PC). However, computer
systems 210,310 are not limited to personal computers, and
may take other forms, including :1 SUN Spare station,
Silicon Graphics Workstation. and a set—top satellite
receiver. It should be appreciated that in a preferred embodi-
ment of the present invention transmitterrencoder 202 and
receiveridecoder 302 take the form of plug-in PC boards
which respectively interface with PC buses 212, 312 of
computer systems 210, 310.

Communications medium 190 may take the form of any
medium suitable for transmission of television signals,
including a cable system, a satellite system, a microwave
system, a closed-circuit system, or an over-the-air broadcast
system.

Data transmission system 200 operates in the following
manner, Computer system 210 sends raw data (digital) to
control unit 220. In turn, control unit 220 stores the raw data

in FIFO 208. Simultaneous with this operation, control unit
220 reads raw data from FIFO 208 and encodes the raw data

as part of an encoded NTSC compatible television signal, as
will be described in detail below. The encoded data, which

is still in digital form, is fed to WA converter 206 for
conversion to analog form. The analog encoded data is then
transmitted via communications medium 190 to receiver

302. ND converter 306 receives the analog encoded data
and converts it to digital form. In turn, control unit 320
stores the encoded data in FIFO 302. Simultaneous with this



6,122,010

11

operation, control unit 320 reads the encoded data from
FIFO 308 and decodes the data to obtain the original raw
data, as will he described in detail below. Control unit 320

sends the decoded data to computer system 310. The
decoded data may be displayed by computer system 310 on
a monitor, in a case where the decoded data represents visual
data.

It should he understood that the foregoing hardware
configuration is described solely for the purpose of illus-
trating a preferred embodiment of the present invention, and
that numerous other hardware configurations are also suit-
able for carrying out the present invention.

The encoding operation performed by control unit 220
will now be described in detail. It should be understood that

the encoding operation will be described with reference to
the encoding of four input values (i.e., t}, 1, 2, and 3) into five
output levels (i.e., output levels A, B, C, D and E), according
to the system of encoding described in detail above. Each
input value represents a respective bit pair {i.e., 00, 01, IO,
11). Accordingly, a byte (8 bits) of data is defined by a set '
of four input values. The specific system of encoding, and
the number of input values and output levels are exemplary,
and are thus provided solely for the purpose of illustrating a
preferred embodiment of the present invention, and not for
limiting same.

As a part of the encoding operations, control unit 220
performs basically two sets of operations. The first set of
operations is to encode the appropriate NTSC signals for the
first four phases of the NTSC television signal, namely,
pre-equalization, serration, post-equalization, and subphase.
These first four phases include the vertical blanking pulse,
equalizing pulses and vertical synchronizing pulses. The
second operation is to encode the appropriate N‘l‘SC signals
for the fifth phase (i.e., “video active” phase) of the N'I'SC'
television signal. The “active video" phase includes the
horizontal blanking pulses, horizontal synchronizing pulses,
as well as the encoded bit pairs.

It should be appreciated that the N'I‘SC television signal
waveform has a range of voltages that corresponds to
different degrees of brightness. Referring now to FIG. 13,
there is shown an NTSC television signal waveform for a
black and white transmission. The "picture information"
ranges from “black" (IRE level 0) to "white" (IRE level
100). The picture information will correspond to the
encoded bit pairs. The vertical blanking pulses, vertical
synchronizing pulses, equalizing pulses, horimntal blanking
pulses, and horizontal synchronizing pulses range from
"black“ (lRE level 0) to “blacker than black" (IRE level
—40). A digital output value is assigned to each required
output voltage level. The voltage range from white to
“blacker than black" has been considered and an appropri—
ately spaced digital output value has been assigned thereto.
In this respect, a digital output value of (t is assigned to
"blacker than black" and subsequent digital output values
are assigned at appropriate increments.

Function description
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The state of the encoder state machine and corresponding
outputs are shown in the TABLE 1 of FIG. 14A. Control unit
2211 presents digital encoded data to DEA converter 206,
which in turn converts the digital encoded data to analog
encoded data. The digital encoded data is an 8—bit binary
number. The 3 most significant bits (MSB) of the 8-bit
binary number will vary depending upon the encoded output
information. The remaining live bits of the digital encoded
data are fixed to zero. As a consequence, the possible values
for the digital encoded data are 0, 32, 64, 96, 128, 160, 192
and 224, where each value corresponds to different encoded
output information. Digital encoded data values 224,192,
160,128 and 96 correspoan respectively to output levels E,
D, C, B and Afldle. It should be understood that "idle" refers
to a pause in the transmission of data. Digital encoded data
value 64 indicates horizontal and vertical blanking pulses,
while digital encoded data value 0 indicates horizontal and
vertical synchronizing pulses, as well as equalization pulses.
Digital encoded data vaiue 32 is unused because no encoded
information requires a voltage level between the voltage
level corresponding to digital encoded data values 64 and 0.
Moreover, there is a need to preserve the difl'erence in
voltage levels between the levels for blanking and synchro—
nizing in order to comply with the NTSC standard.

Referring now to FIG. 14B, there is shown a timing
diagram showing the encoded digital data for the first four
phases of the NTSC‘ signal (which includes vertical blanking
pulses, vertical synchronizing pulses and equalizing pulses)
and the first two scan lines of an active video phase. The
encoded digital data shown in FIG. 14B is input to the
digital-to-analog converter. As can be seen, the digital
encoded data for the first four phases of the N'I‘SC signal
will toggle between 64 and 0. As noted above, the digital
encoded data value of 32 is skipped in order to preserve the
appropriate dilference in voltage for the vertical blanking
pulses, vertical synchronizing pulses and equalizing pulses,
according to the NTSC standard. FIG. 14C provides a more
detailed view of the digital encoded data for the first scan
line, shown in FIG. 1413. FIG. 141) shows a portion of the
first scan line shown in FIG. 14C. This timing diagram
shows transitions between the levels A thru E for encoding
bit pairs. In this regard, the first transition of the scan line is
from level A to level B, which encodes hit pair “00.“ The
next transition from level B to level E encodes bit pair " l l ."
Four transitions encodes a byte of data. It should be appre—
cialed that according to a preferred embodiment of the
present invention, the bit pairs are encoded in the order of
least significant bit pair to most signilicant bit pair.
Therefore, in the example shown in FIG. 140, the first byte
of data is actually "00 00 ll 00" or 12 (base 10).

For the first set of operations, the EPLD (i.e., control unit
221]) is programmed as a state machine to generate digital
representations of the appropriate N'I‘SC waveform signals
for the first four phases of the NTSC signal, as discussed
above. The control logic for carrying out this first set of
operations is a part of the EPID program code listing set
forth below:

This macro function takes as inputs at clock and an active low resct signal and generates a digital
representation of thc hfl‘SC control signals (.‘SYNL‘, HI), VD, FIELD, BURST and BLANK. These signals
may then he used to control video imaging or display equipment. To implement a complete NTSC‘ pattern
the macro function has a 5-state machine with the following states: PRE-EQUMJFATION,
EQUALIZATION POST_EQUALI7M'ION. SUB_PHJ\SF and VIDF.O_J\CTIVE. During each of these
distinct states the outputs are generated according to it dilIerent set of rules, and the AIIDL state machine
controls this output generation.
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It should he noted that 910 was the old line length, based on a 14.318 Mhz oscillator. The horizontal
frequency was 15?34.’263?3626 Hz, which is the standard for NTSC. The present embodiment uses
a 25.1?5 Mhz oscillator, and a line length of 1600.111: horizontal frequency will he 1573-4375 H: (up by ?
ppm). The horizontal state machine trigger points are scaled by 160191 counts.
Each horizontal line conlains 1600 (was 910) pixels, and the NTSC macro function treats each line as a
pair of half-lines. Accordingly, the HCN'T-,ROLL_,_OVER is set to 793(was 453) (one less than the half line
max count of 799 (was 454] which when multiplied by two gives a total of 1600 (was 910) pixels).
The constant VCNT_ROLL_OVER is set to 525 representing the 525 lines per screen as specified in
standard NTSC formal. Because the formal provides for interlacing, each screen contains two frames,
each of which has 262.5 lines. Since nonAinteger counters are very hard to control, the system counts to
525 hnli‘lines and then repeats this count sequence for the second frame. The two [rames are offset by
one—half line, so when their analog video data is taken together it forms a complete picture.
For more detailed information on N‘l‘SC pattern generation reference is made to the NTSC‘ standards, or
textbook on video applications.XtttttttttititltX3XIItIIlt‘tttttittttttlIiKit:-It'tttttttitX1lt‘1‘-Xttttt‘tttttitllltItI‘Itittlltttittttttlixx'tti‘lttttt

PATTERN OONSTANTS SECTION
Constants shown for phase conditions (e.g.: START_PRE_.EQ) are decoded ofl‘ the vertical counter.
Stale transitions are based on the line that is currently being decoded. The values are shown as binary
numbers (denoted by the Humor" format), and represent the gray—code values corresponding to the
decimal values shown to the right of each line in a comment.
Constants for the J and K inputs (e.g.: HD_I) are also gray~code values, with the corresponding decimal
value shown in a comment. These constants are compared with the horizontal counter to make pulses in
the output signals.
The constants with names that begin with “START' are starting points for the corresponding named NTSC
phase. For this model we assume that the NTSC standard has 5 phases “pro—equalization (PRE—EQ),
scrration (SERRA), post—equalization (POST_EJQJ, sub—phase (SUB_PH) and tidecractivc (VLD_ACI‘;.
They each start at defined vertical lines, and these are set by the first five constaan below. Since they are
decoding a gray-coded counter, the equivalent decimal value is shown (cg, video active starts on the
20th line in the scan).
CONSTANT STAKI'_PRE_EQ -B“0000000000“; ”a? line 0 13‘0" %
CONSTANT SI‘AKI‘JERRA nB‘flDfltJtltltlltll“; % line 3 0‘6“ %
CONSTANT S'l‘ART_POS'T_EQ n8“01300001010"; '35 line 6 0‘12" ‘26
CONSTANT START_SUB_PH n8“tltJtJUt]11011"j. % line 9 0‘13" %
CONSTANT START__V[D_AC'T n8“00[)0111100": % line 20 D"4[l" %
CONSTANT ONE__L[NE_LEFT wB“llDUflD]DJU"; 5’23 line 524%
These constants define the transitions on the various NT‘SC output signals during the 5 phases of the
NTSC standard. in each case the constant shown represents a value that is compared to the horizontal
pixel counter. in the case of the CSYNC signal the output depends on the current phase, so there are 5
constants given to completely specify the operation. I-i'D, BLANK and BURST all behave the same in rtll S
of states, so only one constant pair is given. Note that there is always a "J" and a “K“ constant given.
This is because of the output pulses on all the output signals must be turned on and then turned oif again
at specific horizontal count value. The "J" is routed to the .1 input of a 1K flipflop {and hence will assert
the output when true} and the “K" is routed to the K input to a 1K flipfiop [and hence will deassert the
output when true}.
By setting the value of (.‘SYNC_PRE_EQ_J to the gray-code equivalent of decimal 36, the CSYNC signal
will be asserted at the 36th horizonwl count. By setting CSYNC_PRE_EQ_K equal to the gray—code
equivalent to decimal 1 CSYNC will he dessserted at the first horizontal count. During the pre—
equalization phase there are 6 "halflines" (as defined by the constant STAKI‘_SERRA being set to the
gray-mde equivalent of decimal a) so the CSYNC signal will make 6 pulses during pro-equalization
phases. For this reason, the Falling edge at the ‘lsl point in a horizontal scan ends the high'levcl signal for
the previous line. Since C‘SYNC is an active low signal, Lhis makes a pulse that lasts from the lat to the
Both count on the horizontal scan, and then repeats for a total of 6 lines.
The activewlow CSYNC signal would look like this during the pro-equalization phase. ’111e first (falling;
edge would occur when the horizontal counter is equal to the gray-code equivalent of“l" and the second
(rising) edge would occur when the horizontal counter is equal to the gray-code equivalent of "36”. Note
that these edges should technically occur at “0" and "35". but to avoid synchronization problems with the
boundary between the two frames in the interlaced screen format, they are all ofiset one.
All of the conditional phase and counter value testing is done in the “WHEN pre_cq" statement in the state
machine CASE statement block. Corresponding WHEN statements are provided for all of the 5 N'I‘SC
phases, and in each WHEN statement there are definitions for each of the 6 output signals during each ofthose states.
CONSTANT CSYNC_PRE._EQ_,J -B“OOOUIUGDDO": 9t: 0‘63" Was 36%
CONSTANT CSYNC_PRE__EQ_K mB“DOt]UOUGODI"; % D”1" %
CONSTANT CSYNC_SERRA_J HB“1111111000": 9i: 0‘68?" Was 391%
CONSTANT CSYNC_SERRA_K -B“UOOOODOUOI"; 9E: D“l" es
CONSTANT CSYNC_FOST_EQ_J -B“UOOUIUDUOO": ”2i; [1‘63” Was 36%
CONSTANT CSYNC_POST_EQ_K -B“0000000001": ”in D“1" ii"-
CONSTANT CSYNC_SUB_PH_J -B“Ut)flltltJtJIOtJ": % D“120" Was 68%
CONSTANT CSYNC_SUB_PILK -B‘OODUL]00001": % D‘l" fl".
CONSTANT CSYNC_VID_ACT__J nB‘EJUEIlUiJDIOO": % D“12El" Was 68%
CONSTANT CSYNC_V[D_J\CI'_K nB“UOflDODOODl"; 5’6 D"1" %
CONSTANT HD_J nB“00111]DODD"; ‘h'o D”!60" Was 91%
CONSTANT l-lD__K nB“UOGUOlJDDDl"; % D“1" 9's
CONSTANT BLANLJ -B“fll]fl(lfllmfl”; as D“2?‘l" Was 154%
CONSTANT BLANK_K -B“0000000001"1 ‘3}?! D1" %
CONSTANT BURST_J IB“[]010110CD1 ": ‘33-: U222" Was 136%
CONSTANT BURST_K nB‘DDllOflOllU": % D132" Was 75%walnuts-unu- '1‘!va u:- nu t. u-uuuyttu-u tun-x:- lulu-- U-Ittuututttil It -- uuu-uuuytuuyuumuuux nun-Ic- u-uvyvttyuuuuuu: lulu-- -- nu unnu-
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COUNTER CONSTANTS SECTION

Those constants specify rollover and terminal count values. 453 is the cod of the first halflinc. Halliinas
are used to ammmodalc the interlacing scheme specified by N'FSC. By using halflincs [I is possible to
use an integer value to count the lines per screen. If full-lines were used then it would be necessity to
count 263.5 (a half line) and then switch flames. That is a very unpleasant task, counting in non-integer
mode using digilal logic.
The VCNT value of 525 is the end of the first frame in the two frame inlerlaccd model. These vaiues may
be changed to match other video display' formats.
CONSTANT [-ICNT_ZERO #B‘flDUOGDGUDU"; % ‘5' U1)" for start value %
CONSTANT [‘ICNT_ROLL_OVER atWhit]0010001"; ‘5' D"798" for hllalf was 453%
CONSTANT VCNT_ROLL_OVER IB‘"110000]0]0": “KI D"524" ‘KI
CONSTANT VCNT_HALF_LINE nB“1 IUWDJDJJ": 9’6 D"525“ [or tosling. Eb
CONSFANT VCNT_HALF_IJNE2 =B“11C|JLHIIDJDJD”; ‘r’éu D"524" [or tosling. 2i:SUBDESlCiN dvsvlc

(
allifl] : INPUT: -- Address inputs from PC BUS
ior : iN'PUT: -- U0 Read input from PC BUS
iow : INPUT; -- Ito Write input from PC BUS
aen : INPUT. -- Address Enable inpul from PC BUS
thEbf : OUTPUT. -- write to address 0x02bf output (write to FIFO)
d['.I"..0] : BLDIR: -- Data has U0 lines from PC BUS
pafe : INPUT. ._ Full flag status from FIFO
cori' : iNPUT: -- IEI'l'thyI flag status from FIFO
hf : INPUT; .. Half full flag stalns from FIFO
swllfl] : OUTPUT; -- Write data lines lo FIFO
irq_pin : OUTPUT. -- Programmable IRQ pin from PC BUS
dreq_pin : [NFL-T: -- Programmable DREQ pin from PC BUS DMA REQUEST
dack_pin : OUTPUT: -- Programmable BACK pin from PC BUS DMAACKNOWLEDGE
pin_do{?..0] : OUTPUT: -- Encoded output to video DAC‘
CREE : INPU’I‘, -- 25.1?5 Mhz masher system clock
fr : OUTPUT, -- Read signal to FIR)
{11.0} : INPUT, -- Read data lines from FIFO
reset: INPUT; -- PC BUS reset signal
l
VARIABLE
iii:

linc__dccodc is a static machine used to control the NTSC waveforms. The outputs csync, hsync,
vsync, field_fl', blank and burst are all created using If: flipflops.

fits
asyno, ‘25: Misc output signals ‘3:
--hd_.
vd,
mfld,
blank: MODE;
——burst : NUDE:

1ine_decode: MACHINE
0F BITS ( qll..0]J
WITH STATES ( __power_up ,

_pr¢:_cq ,
_serra ‘
_post_cq ,
_5ub_pl1 .
_t-id_act

J:
gclk : NODE: % Global clock node 9%
grst : NODE: ‘29 Global reset node ‘3’:
csync_Ef : .IKFF: ‘36 Composile Sync signal %
——hd_if : IKFF: ‘35: Unneeded in this design ‘5:
vd_Ef : IKFF: ‘35: Wrtioal deflection signal ‘33:
——l'ld "If : IKFF: % Unneeded in this design '3:
blank_li‘ : JKFF: % Blanking Sig-ml ‘36
——burst_fi' : JKFF: % Unnccdcd in this design %
pw'r_up : NUDE:
cnt_rcscl 2 NUDE:
%

Counter mrinbles. Eleven bits for lines per screen (10 in the counter. and line Jas the terminal
hit), and ten bits for pixels per line (9 in the counter and h_odd as the terminal bit).{’«EI
le..0] ? TF‘F: '35: Wrticnl counter bits 96
l1[9..tJ] ? 'I‘F‘P‘; ‘35: Horizontal countcr hits ”at:
linc[_l1' : TFF; % Firlesccond halfline_fi' ‘56
h...odd : T'F'F: “Xv Odd horizontal bit 98'".
fic1d_|¥ : TF'F: “Xv Oddteven field_fl' indicator %
vanrescl : NODE' fir Tcrntinalfresel condition ‘55.:
hcnt_resel : NODE. fair Torntinnlr’rcsel condition %

r02be : DIODE: -— Read from address 0x02be (status request)
d[T..0] : NUDE: -- Data bus inputs
tri_d[7..0] :TRl ; -- Data bus tri-state outputs
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sw[7..U] : OFF-“E; —— Outputs lo FIFO
pin_do? : DFF‘E: —- Outputs lo DAC‘, the other 5 bits are always 0, so the 324
signal.
cnt[ll..fl} : DFFE; -- Internal countcls: this is an 8 bit and a 4 bit

-- combined. The low 4 bils count from IJ ID 9 and [hen
-- reset to 0 again: the high 4 bits uounl from 0 to 13?.
n and then hold while we wail for blanking to come around
— again. This allows 132 transitions per line: each one is
-+ .39?2us long, giving us an active video time of 52.433us.
u The other 11.122us is blanking and sync, giving us 63.555us
- total time per scan line.
~— decade outml

—— and the high 2 bits are used to track which bil pair we are
—— sending

valid : DFFE: -- this indicates that we are sending a valid byte.
fa: DF'FE‘. -- this is the data frame sync
dataflfl : NUDE; -- these are for encoding bit pairsdatafl] : NUDE;
datalt) : NUDE;
datall : NODE:
dataend : DF'FE; — this indicates that we are done sending a byte.
dataendl : DFFE: — 1 clock delayed signal of dataend.
SM_dvsv1[lO: MACHlNE

0F BITS (dn?_bil dnfi_bil d05_bit)
WITH STATES (

mm = H“D", — slate I), when in sync
two - H“‘."-.", -- state 2, when in blanking too.
[our - H"4"',
five - H"5'"‘,
six - H"6",
seven = H“?"J:

BEGIN
DEFAULTS
damendl =1 6ND; — Narmallg.f not end of data [tame
fr . VC‘C: - [I is law true, rum-mall},r nnl frame slarl

END DEFAIJL'IS;
gclk - GI.OBAL(ck{?5J; —— Global 3.5.175Mhz clock
grst = Ercscl; -— Glnbal reset (low [1'ch signal”in

Sol up flipl‘lop and state machine clocks and cleans
‘ifo

line_decode.clk - gclk:
linefidecodemesei - gist:
v[ ].clk - gclk:
h[ ].clk - gclk:
h_odd.c|k a gclk:
field_fi.clk a gelk:
1ine_fl.clk a gelk:
vd__&‘.clk a gclk:

~- hd_t't'.clk a gclk;
csync_fi'.clk 1-: guilt:

—- fld_fi.'.c|k a guilt:
blank_l1‘.c1k - gclk:

-- burst_fi.clk - gclk:

Define State Transitions

CASE. (line_decode) IS
WHEN_powcr_up 2:

pwr_up -= VCC;
cnl_reset -= VCC;
csym':__fl‘.j w VCQ

—- hd_ff.j w VDC:
vd_lf.k u: VCC“.

m fld_1‘f.k - VOC:
blankJJ; - VCC‘.

-- burst_fi'.j - VCC:
|ine_deoode - pre_eq;

WHBN_prc_eq =>
csync_l1‘.j — (hl }... CSYNCJRE_EQ_JJ;
csync_l1'.k -= (h[ 1... (“SYNCJRE_EQ_K):
vd__,ff.k -= VCC;

..- hd_-ff‘j - ((h[ 1- HD_.IJ&1|ine....Ef St lfield -Ef)
-- it ((h[ ] -- HD._.¥) 5: Eline_fl' & field_R'J:
-- hd...fl"k - ((h[ ] n HD_.KJ & !1ine_E & {field _ft']
-- # ((h[ ] w- HD_K) 8c tlinc_fl‘ 8: fic1d_fl’);
-- fld_fi.k -= VCC‘.

blalflLlik VCC‘.
--- bursl_fl'.j - VCC‘.
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[F (vi ] =- S‘I‘AKI‘_SERRAJ THEN
|inc_dccodc n _scrra:

END IF:

csyru:_fl‘.j -

I)

(III 1 — CSYNC_SERM_JJ:
csyuc_fl'.k - (h[ I — CSYNC_SERRA_K}:
hd_fi.j - ((hl ]... H'D_J) s: !Iine_fl' & !fie]d_&)

n! ((h[ 1:, mu; 3.: !1ine_ff & mun;
hd_fi'.k a (m ] M i-ID_K} & !]ine_EE s: Efield_fi')

at ((h[ ]u [-ID_K) & Eline_ff& fie1d_lf):
vd_fi.k .- vco,
fld_[€.j ., v0:
blanLfl‘k -= VCC.
bursl_fl'.j = VCC.
IT" (Vi ] -- STAKI'_POST_ EQ} THEN

line_deoude -_posl_eq;END IF:

csync_fl'.j -=
csync_fl'.k -=

I)

h[ J a: CSYNC_POST_E0_J:
h[ J a C‘SYNC_POST_E0_K:

hd_ff.j — ((h[ ]u HD_J; s: lline_fl é‘: !field_ff)
# ((111 J = HD__J) re !|ine_£f an: field_fl):
hd_filk .. ((hl ]-==-HD_K'_:& llinc_E& !ficld__fl'J
# ((h[ J m mug 8: !Einc_EE & fictd_fl’):

vd _fi'.k -= VC‘C‘.
nd_|r.j ., vce.
hlank_ff.k - VCC.
bursl_fiij - VCC.
rF (vi ] -- STAKI‘_SUB_PH)THEN

Iine_deoode - _sub_ph:
ENDLF:

WHEN_sub_ph n>
csync_fl'.j a ((h[ J a CSYNC_SUB_PH_J) a: !|ine_fi" & lfieid_fi)

a ((h[ J a: CSYNCWSUBWPHHJ) s: Elinefifi" & field Wm;
csync_£f.k -=- ((h[ ]m- CSYNC_,SUB_.PH_KJ nk Elinc_fi'& EficldJi'J

a: ((h[ 1-:- CSYNC_.SUB_PH_KJ & ”mar .52 field_fi‘];
." hd_fl'.j = ((h[ In HD_J) & mne._|§& ‘.field_EfJ
m i: ((h[ In HD_IJ & llinc_lI 5‘: ficld_|I);
- hd_fi.k - ((h[ ] -- H'D_K) .9: E]ine_fi & Ifield_fl’J

__ g ((h[ ]--= HD_K} s: l]inc_[f 32 fie1d_fi‘);
._ vd_£E.j - VCC:
-- fld_fi.j - VCC:
- hurst_fi‘.j - ((h[ ] -- BURSLJ) & nineJra: :field_m
- it ((h[ ] -- BURsLn & nineJr & field_m:
- bursl_fi‘.k - ((hl ] -- BURST_K) & Eline_E 5‘: !fie]d_fl')

__ a» ((h[ J u BURST_K'J a: Eline_l1' & fic1d_fi):
—-— blank_fl'.k a VCC:

[F (vi ] u S'l‘AR'I'_V[D_ACT) THEN
|ir1c_deoode u_vid_acl:

END IF:
WI-IEN_Vid__acL In)

csync_l1‘.j — ((h[ ]—= csmc_v10_.a\cr_1; a llinc_l.f & !fie1ci_ff)
# ((h[ J === c3mc_vm_:\c'r_n a 11inc_fl‘ & fic1d_m;

csync_fi'.k - ((h[ ] -- CSYNC_WD_ACT_KJ £1 !t1ine_fl' & tfieId_fl)
w ((h[ ] -- CSYNC_VID_AC.T_K) & !]ine_fi' & fie]d_flf):

hd _ff.j - ((hl ] --H'D_J] & slinej & 1field_m
# ((h[ ] -- H'D_J) & Iline_fl' .5: ficld_fl):

hd_fl'.k - ((h[ J ===HD_K) & lline_l1‘ s: !fie1d_fi)
a» ((h[ J a: HD_K} s: :1ine_|1‘ & fie1d_Ef}:

vd_fi.j ., v02;
fld__lI.j ., vcc;

bursl_ffij .. ((hl ] w- BURS’I‘_J) 6‘" EFinEJI 3: !field_.fl’)
# ((h[ ] ma BURST_J] 8; I!im=._l1‘ 3: ficld_fl):

bursl_ff.k w ((h[ 1:: BURST_K) s; 51inc_lr a :fic1d_|1‘)
# ((h[ 1:: BURST_K) s: ennui" a field_li):

blankJfij - ((h[ ]-- BLANK_J) & tline_fl & !field_fi)
A» ((hl ]-- BLANLJ) & tline_fl & field_fl):

blankJfik - ((hl ] -- BLANK_K) é‘: !1ine_fl' & Ifie!d_ffl
# ((h[ J a BLANLK) s: l1inc_fi s: ficld_fi)
# M J“ S1‘AR‘1‘_PRE_EQ);
# ((v[ J —— 0NE_LINE_LE]~"I'J & lfield_EE):

[Ffvl J —= START_ PRE,_EQ)THEN
iinc_deoode -_prc.‘.cq:EN D IF:

END CASE:
9%

Establish the output connections
‘2‘?

csync csync_lf:

20
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—— hd n hd_tf:
vd n vd_tf:

—— fid n fid__fi:
-- burst - bursLJi‘:

blank - blanLfl' & uswc_ff; % low true blank_fi‘ 8; csync_fl' ‘55:!

Equations for Iinc_&' and fie1d_If. When the horizontal counter is in the first half of the scanlinc the
line_fl output will be low. A high indicates that the counter is in the second half of the scsnl'Lne.
To make an efficient circuit the vertical counter uses 1ine_fi as the terminal bit. The fie1d_lf is use
to track the current field. During odd files (lst physical field) the field_lf output will be low. During
even fields it will be high.

linc_l1‘ - (h[ In HCNT_ROLL_OVERJ;
£1:th - (V[ In VCNT_ROLL_OVER & h[ 1.... HC‘N‘I‘_ROLL_0VER):

GREYCODE equations. Each bit toggles when previous bits are 19.3 and the odd bit is 1.

lF(! fie|d_E} THEN
vl ] -= (((vl ], |ine_Ef) —-= B“X1000000001") 8'. tvcnt_reset if vent_reset 8: v9,

((v[ ], line_fl) nu B"XX100000001”) 8r. Evcnt_reset # vcnt_reset 6‘: v8,
((v[ ], |ine_fl') nu B"XXX1E}ODOOUI") 8r. !vcnt_reset It? vcnt_reset 3: W,
((V[ 1. |ine_fl') nu B‘XXXXIDUDGUJ") & Evcnt._reset I! vcnt_reset & v6,
((v[ ], Iinc_fl) w: B“XXXXX100001") S; lvcnt_rcsct # vanl_resel 5): v5,
((v[ ], Iinc_fl) nu: B“XXXXXXIUUD]"} 3r lvcnt_rcset # vanrescl 5‘: v4,
((v[ ], Iinc_fi) m B“XXXXXXXHII1"J & lvcnl_rcscl # anLmscl & v3,
(M ], Iinc_l}) =- B"XXXXXXXX]O]"} 5? lvcnl_rcscl # Vcnt_rl:scl 8:: V3,
((v[ ], |ine_fl) - FWD") 8: lvcnl_reset # vcnt_reset & v1,
(M ], |ine_flj - B-muxxxo") 8‘; !vcnt_reset # vcnt_reset & v0
J
at (h[ ]-- HCNT_ROLL_OVER]:ELSE

v[]_] = (((v[ j, Eline_ffj === B“X1t]000t}0t]0]") 6‘: lvcnt_reset # vanreset at v9,
((v[ ], lline_Ef) 2-: B“XX10000000] ") 6’: !vcnt_reset it vcnt_reset & v8,
((v[ ], llinevlf) == B“XXX10000001“) 8r. !vcnt_reset it! vcntwreset S: v?,
((v[ I. lllne__.E) III- B”XXXX1000001") fl: lvcn1__ruscl # vcnt_resct & v6,
((v[ ], lline__fl') m: B”XX_XXX100001") & EvanJescl # vcl‘lLJtascl. 8: v5.
(01 ], llinc_E) == B”XX.XXXXIUODI") 8; Evcnt,_resct if vcnl_rcset & v4,
((v[ ], llinc_fi) n B‘XXXXXXXIUIJJ"J & lvcnl_resel if vcnl_reset & v3,
((v[ 1. !|Ene_fi') -- TWIN") & lvcnt_reset # vcnt_reset & v2,
((v[ ], lline_fi) -= WWII") S: lvcnl_rcsel # vanresct & v1,
((v[ ], llinc_lf) -= B“XXXXXXXXXXD") 3: tvcnt_rescl # vont_rcsct & v0
J
a: (h[ ]-- HCNT_ROL1._OVER)_.END IF:

vcm._reset - (v[ ] - VClN‘I'_ROLL_0VER it cnl_reset,l:
h_odd = Load at Epwr_up;
111 ] .. (((h[ ], h_odd) ... 311000000001"; a: Ehcnt_reset # hcnt_reset a 119,

(on 1. I1_odd) =- B~xx1ooooomru s: tum-imam a» hcnt_reset 5: hrs,
((h[ 1. Lode =— B“XXX1000E)0EJJ") .5: lhcnt_reset # hcnt_reset & h?,
(on ], h_odd) n B‘~xxxx1moom"} & lhcnthset # hcnt_rcsel & 1.5,
((h[ ], h_odd] m B“xxxxx1mom"; & lhanmsel # hcnl_rt:set & I15,
(01[ ]. Lucid) .. B“xxxxxx1onorj & lhcnl_rescl # hCnchsct & I14,
((h[ ], h_odd) n- B“XXKXXXX1001") & lhcnt_reset # hcnl_rcsct R 113,
([h[ 1. h_odd) -- B“XX)OCXXXX101"J 3: thcnt_reset it hcnl_reset Sc h2,
((h[ ], h_odd) -- 3"W11") & !hcnt_reset # hcnt_reset & h],
((h[ 1. h_.0dd) -- FWD") & lhcnl_reset # hcnt_resel & 110

hcnt_resel - (h[ ] -- HCNT_R0[L_OVERJ h‘ pwr_up # cnt_resel:
SM_dvsv10tJ.reset — grst;
piLdoS = doS_bit & csync; —— output goes to 0 during csync
piLdoe = d06_bit & csync; -— otherwise tracks the state machine
pin,_do'.-‘ = do?_bit & csync;SM._dvsv100,clk :- m5;
CASE (SM__dvsv1t10) IS

WHEN [we a) w slate [we -~ blanking
[F (blank) THEN w blank is low tmc, when high . . .

SM_dvsv100 - three: - . . . to state 3 (rest)
ELSE

SM_dvsv100 - two: -- . . . othenvise hold here.
END IF:

WHEN three =>

[F (datum) THEN —- [mm three, 0!} maps to [our
SMfldvslet) = four:

EISIF (datafll) THEN -- . . . 01 maps to five
SM___dvsvltJD I fiv 1

ELSIF {detain} THEN -- . . . 10 maps to six
SM_dvsv100 I six:

ELSIF (detail) THEN -- . . . 1] maps to seven
SM_dvsv10[] 2 seven:

ELSIF (thlank) THEN -- when blanking goes low 30 to . . .
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5M_dvsv10[] — lwo;
ELSE

SM_dvsle[] — three;
END IF;

WHEN four :3
IF (dataflflj THEN

SM_dvsleD . lhrec;
ELSIF (datafll) “LEN

SM_dvsv10EI :2 five:
ELSIF (datalU) 'I'HIEN

SM_dvsv]00 - six:
ELSIF (datall) THEN

SM_dvsv1E|D = seven;
ELSIF (datacnd) THEN

SM_dvsv]00 - three;
ELSE

SM__dvsleU - four:
END IF:

WHEN five =>
LF (dataflfl) THEN

SM_dvsleEl - three;
ELSIF (datafll) 'I'HEN

SM__.dvsv'.lDD = four;
ELSIF (datalO) THEN

SM_dvs\'IDD = six:
ELSIF (datall'; THEN

SM_dvsv100 - seven:
ELSIF (dataend) THEN

SM__dvsv10[J - three;
ELSE

SM_dvsv10EI = five:
END IF;

WHEN six 2:
LF (dataOUJ THEN

Sdevsvlflfl :- lhrcc;
ELSIF (datalll) THEN

SM_dv5leU n foul;
ELSIF (datalO) THEN

SM_dvsv]0EI - fiv :
ELSIF (damn) THEN

5M_dvsv100 - seven;
ELSIF (dataend) THEN

SMfldvsvlflfl - three;
ELSE

SM_dvsv100 - six:
END IF:

WHEN seven a>
[F (datum); THEN

SM__dvsv10[] -= three:
ELSIF (dataflil ,1 THEN

SM_d\-'svlflfl = four:
ELSIF (dam 0'} THEN

SM_stv1E|D - five:
ELSIF (damn) "Fl-[EN

SM_dvsv10El - six;
ELSIF (dataend) THEN

SM_dvsleD - three;
ELSE

SM_dvsv10[) = seven:
END IF:

WHEN OTHERS =->
[F (VC‘C) THEN
SM_dvsv1|JCl a two:
END IF:

END CASE:
dack_in - VCC:
irq_pin - VCC:
rfllbe - !a11&!a}0 & 39 & tat? &

a‘!& !36&a5&a4&
33&32& a1 &a0& flows: Eacn:

wOEbl'n lall&!a10 62 39 6‘: ms 8:
33%): !afi&a§&a4&
a3 St 212 S: a] £5 :10 & Eiuw & Eaen:

d[7..0] - tri._d[1.01uut:
lri_d[ "LB 10!: - IflZbe;
lri_d[ ?_.fl].in w (h LI:Iank,eurt',pafc,vd3,0,0}:
sw[7..0].c1k . ck25;
sw[7..l)].d ud[7..0];
cnt[ ] .clk - c125;

6,1221] 10

-c0ntinucd

—-...statc2

—- hold in three if no evenls

-- frum four, 00 maps to lhree

— . . . 0'1 maps to five

~...1E}mapstos'Lx

—- . . . 1] maps In seven

—- datacnd returns to three

-- hold in four if no events

—- from five, 00 maps to three

a . . . 01 maps to four

_. lflmapstOSix

. . . 1] maps to seven

-- dataend returns to three

—- hold in five if no evenls

—- from six, [)0 maps to three

- . . . 0] maps to four

... . . .10 maps to five

— . . . 1] maps In seven

-- dataend returns to three

-- hold in six if no events

—- from seven, 00 maps Io three

— . . . 0] maps to four

~...1f}mapsto five

-...1] mapslosix

-- dataend returns to three

—- hold in seven if no events

.. catch all for initializminn

-- not presently used
-- not presently used

— read from DZbch

-- write la [12th

-- data during read

.. data during write

24
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-continued

if thlank then —- while in blanking, cnli ]=fl
ent[1'l..9] - 0:else

if cnt{3.fl]--9 then -- low 4 bits are decade counter
cnt[3~..fl]- U:
ifcnt[ll..4]lw131 then
cnt[11..4]- enllll..4] +1;else

cnt[JJ..—1]= 132:
end if;

else
it' cnlll]..4]l=132 then

cnt[3..U] = crll[3..i.l]+1'.
ent[]1..4] = cnt[ll.fi]1

else
with Lil] - cnt{lI.,t}];

end if:
end if:

end if:
fr.clk = 01:25:
if blank 8: ear!" :9: (cnllll..o]!u33) Sr (cnt[5..tl]===0) 8r

-- high 8 hip: max out at 132

!((v[ ] =u= VCNT__HALF_UNE2) & {field _lIJ & —- prevent data during
l((v[ ] == VCNT__HALF_UNE) then ~- half lines in field

l'r = GND: ~- inilinle frame signal
and if;
symc[5..0].clk = (4:25;dataendclk - ck25:
dataenell.clk - ck25‘.
if(!blank all Ieorf) & (ent[5.,D]--Dj then -- if sync or no data

dataendl - VCC‘. -- end frame signalend if:
dumend = dnlaend]: —- J clock delayed
if lfr if (svrrtcl ] [:01 then

if symdfl..{l]==9 then
symc[3..fl]w D:

—- count symbols
—- low 4 are decade

symc[5..4]= symdfi..4]+l: -. high 2 are hit pairelse

symc[3..l}] a symellllh‘l;
syn-141.4] - symcfS.,4]:

end it':
eise

symciifl] -0:end if:
valid.clk - GIGS:
validd - lfr # ((svnlc[$,.4]!-0J Sc (symdlfllu-fln: -- sync states
pin_do[4..t}] m (0.0,0.U_.0): —- low 5 AID bits
pin_do[‘l'..5].cik =ck25‘.
dataflfl = lsymcs 3r tsvnic4 & til 8: [1'0 R valid if —- UCI in let pair

lsyrncS 5’; symc4 at lf3 a: if}. is: valid i? -- UCI in 3nd pair
syrncS & lsyrnc4 & ”5 3; EM 5‘; valid # w 00 in 3rd pail
sy'rncft & symu‘l St if? & ll'o' 6‘: valid: ~- 00 in 4th pair

datafl] n lsymcS St lsymctl- S: if} 5‘: fl] 5; valid # —- 01 in 151 pair
lsymeS & symc-‘i & ”'3 & [‘2 S: valid # —- D] in 2nd pair
symcfi Sc lsvmc4 & “”5 Sr [4 .51: valid at -- 01 in 3rd pair
symcfi Sc symc4 62 if? 8: [6 8.: valid: -- 01 in 4th pair

datalfl - tsvmcS 3r Esyme4 & f1 5‘: Eli] & valid 3 -- If] in lst pair
lsvmcS .52 symc4 6r [3 & it? 6‘; valid # -- 10 in 2nd pair
symcfi & lsymc4 & [5 & tf4 8r valid # —- it) in 3rd pair
svrneS & symc‘t tit f? tit tit: & valid; —- it) in 4th pair

datall = lsymcs & tsvmcat & f1 3: f0 valid # —- 11 in 151 pair
lsvmeS & svme4 82 f3 3: [2 ti? valid at —- 11 in 2nd pair
sy'rncfi &!s}"rno4 8: f5 8: F4 8: valid # -- 11 in 3rd pair
sy'rncfi 8r sy'rno4 S: f7 8: E6 8: valid; ~v It in 4th pairEND; 

The steps for programming the EPLI) to generate digital
representations of these NTSC waveform signals is well
known to those skilled in the art, and thus will not be
described in further detail herein. For further details regard- 60
ing the programming of the EPLD to carry out the first set
of operations reference is made to the Application Notes
available from Altera Corporation, which are incorporated
herein by reference.

In a preferred embodiment of the present invention oscil- 65
lators 204 provides a master clock signal to control unit 220
at a frequency of 25.175 Mhz. This provides a faster data

transfer rate than the typical NTSC clocking frequency of
14.318 Mhz, while still complying with the NTSC standard.
Since the master clock frequency is 25.175 Mill and the
active video period is 52.433 tisec per line, there are 1320
clock pulses per line. The EPLD is programmed to have a
pair of counters. The first counter is a 12 bit counter, where
the 4 lowest bits form a decade counter. Accordingly, the
first counter counts 10 clock pulses 132 times (for a total of
1320 clock pulses). On every lflth clock pulse a transition
occurs. 132 transitions occur for each horizontal line. When

the first counter reaches a full count of 1320, the first counter
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will hold while wailing for the horizontal blanking interval
to finish. Because there are 132 transitions per line, 132
different output levels can be encoded on each line.
Moreover, since the active video period is 52.433 itsec per
line, the period of each transition is 0.3972 ttsec.

The second counter is a 6 hit counter, where the 4 lowest

bits form a decade counter. Accordingly, the second counter
counts 10 clock pulses 4 times (for a total of 40 clock
pulses). Since a transition occurs every 10 clock pulses, a
new pair of bits is encoded to an output level every 10 clock
pulses. As a result, every 40 clock pulses indicates the
encoding of 8 bits (1 byte) of data.

Referring again to FIG. 14A, control unit 220 (EFLD) is
programmed to operate as a state machine to generate the
appropriate signals for the horizontal blanking interval and
for encoding the data bits. In this regard, the state machine
has states 7, 6, 5, 4, 3, and 2. The highest three hits of the
digital encoded data (i.e., the MSB digital encoded data), is
determined by "ANDing" the state with a csync output,
which is low (i.e., "zero") during the horizontal synchro-
nizing pulse. As a result, state machine “state 2" generates
an MSB digital encoded data output of 2 for horizontal
blanking, and an MSB digital encoded data output of U for
horizontal synchronizing. State machine states 3 through
state 7 generates a respective MSB digital encoded data *
output of 3 through 7. As indicated above, the digital
encoded data (8 bits) is fed as an input to DA converter 206.
The output of DEA converter 206 is transmitted to receiver;f
decoder 302 via communications medium 190.

It should be appreciated that the state machine is suitably
modified to have a different state corresponding to each and
every type of encoded output information, rather than have
state 2 correspond to both horizontal blanking and horizontal
synchronizing. Moreover, it should be noted that state 3
(which generates an MSB digit encoded data output of 3)
also corresponds to an idle condition, wherein the transfer of
data has been paused.

Referring now to FIGS. 15A and 1513, there is shown a
[low diagram 230 illustrating the EFLD control unit logic for
encoding data. Flow diagram 230 describes the operations of
the state machine in EPID control unit 220 for encoding
data. It should be kept in mind that the EPLD performs
multiple logic operations simultaneously, and thus the flow
diagram should not be interpreted as defining a series
sequential operations, but rather as an aid to understanding
the underlying logic operations performed by the EPLD.

Beginning with step 232, the encoding operations start by
continuously generating the digital encoded data for the first
four phases of the NTSC waveform (including vertical
blanking pulses, vertical synchronizing pulses and equaliz—
ing pulses), as described above. Next, the raw data is sent to
FIFO 208 (step 234). The term “raw data” refers to unen-
coded data, which in the illustrated embodiment is a bit pair.
If it is time for a horizontal sync pulse the MSB digital
encoded data is set to zero (step 238). If it is not time for a
horizontal synchronizing pulse, we determine if we are in a
horizontal blanking interval or approaching a horizontal
blanking interval (step 240), If it is time for a horizontal
blanking pulse the MSB digit encoded data is set to two (step
242). If it is not time for a horizontal blanking interval, then
we are ready to encode "raw data." If the F1130 is empty
(step 244), the MSB digital encoded data output remains
unchanged (step 246), whereas if the FIFO is not empty, a
byte of raw data is read from the FIFO for encoding (step
248). For each pair of bits in the 8-bit raw data byte it is
determined what was the last MSB digital encoded data
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output (steps 250 and 254). Depending upon the last MSB
digital encoded data output, one of steps 256, 258, 260, 262
or 264 is followed. The encoding ofthe current raw data bit
pair is then performed by evaluating the bit pair with the
logic of steps 256n—256d, 258n—258a’, 260n—260d,
262n—262d, or 264n—264a'. It should be appreciated that this
encoding scheme is the same as encoding scheme described
in detail above. Once a complete 8 bit raw data byte has been
encoded the logic continues to step 252.

The foregoing system for encoding the raw data provides
a substantially high data transfer rate. As discussed above,
the NTSC television signal waveform has a scanning rate of
15,750 lines per second. Accordingly, there are 63.55 )sec
per line. At a clock speed of 25.175 Mhz, there are 1600
clock pulses (i.e., counts) per line. Only 1320 clock pulses
are available for transferring data, when accounting for the
horizontal blanking interval. 2 bits of raw data are encoded
every 10 clock pulses, therefore 264 bits (i.e., 33 bytes) of
raw data are encoded every scan line. As indicated above,
there are 241.5 scan lines available per field, for Lransferring
raw data (accounting for the vertical blanking period).
Accordingly, 483 scan lines are available per frame for
transferring raw data. It then follows that there are 15,939
bytes per frame and 478,170 bytes per second (i.e., 3,825,
360 bits per second) It should be appreciated that the data
transfer rate can be further increased by modifying the clock
speed andfor encoding the raw data into a greater number of
levels, as discussed above.

The decoding operations performed by EPLD control unit
320 of receivertdecoder 302 will now be described in detail
with reference to FIGS.16A—l9. FIGS. 16A and 163 show

a flow diagram 30 which illustrates the logic of the decod-
ing operations performed by EPLD control unit 320. First,
the presence of an encoded signal is detected (step 332). In
this regard, AID converter 306 converts analog encoded data
to digital encoded input data. Next, it is determined what
level the digital encoded input data is in. The evaluation of
ranges is necessary due to noise, interference and converter
tolerances, which etIect the conversion of analog encoded
data back to the original digital encoded data output by the
transmitterfencoder 202. The range into which the digital
encoded input data falls is used to determine the state of the
encoder EI’LD control unit 220 and the corresponding
encoded input information. Each digital encoded input data
range has a corresponding input pattern and encoded input
information level.

If the digital encoded input data is at a level indicative of
a vertical blanking interval or horizontal blanking interval,
there is no data to decode (steps 336 and 338). in this regard,
the data received by receiven‘decoder 302 is ignored, since
the signal corresponding to the vertical and horizontal
blanking interval are generated merely to comply with the
N'I‘SC standard.

If the digital encoded input data is at a level above the
level corresponding to the vertical and horizontal blanking
intervals, then a decoding procedure is initiated. In this
regard, counters are set for decoding, and the "last level“ is
set to A (steps 336, 340 and 342). The counters are used to
sample consecutive encoded digital input data and establish
a stable value. To this end, previous and current digital
encoded input data samples are averaged and stored (step
346). The ranges of the last four averages are compared, and
if the ranges are all the same and correspond to a level
dilIerent from the level of the last set of [our matches (step
348), then a four-bit counter is preset to 16. The counter is
then subsequently decremented, while more comparisons
are performed. When the counter has decremented to 12, it
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is determined that the input data has stabilized. This accept-
able digital encoded input data is decoded according to steps
350—366. The decoding logic is repeated (step 368) to
decode the bit pairs. Once a byte of data has been decoded,
the byte is stored in the FIFO (step 370). It should be
appreciated that the decoding scheme implemented in FIGS.
16A and 163 are the same as the decoding scheme described
in detail above. It should be noted that step 348 determines
a change in the digital encoded input data has occurred.
Where no change occurs, no new encoded data has been
received for decoding.

Referring now to FIG. 1'7. TABLE 2 shows the corre-
spondence between the original digital encoded data, the
encoded input information, the encoder state, the digital
encoded input data range, and the input pattern.

I!)

30

It should be appreciated that NID converter 306 includes
an automatic gain control circuit (AGC) in order properly
convert (i.e., scale) the input analog data levels. to the
appropriate digital input data values. In this regard, ND
converter 306 receives gate A and gate B pulses from control
unit 320. The decoded horizontal synchronizing pulse and
horizontal blanking pulse are used by the AGC. In particular,
the synchronizing pulse is used to set a zero reference. while
the blanking pulse (following the synchronizing pulse) is
used to adjust the gain. The foregoing procedure for setting
the AGC is well known to those skilled in the art. and
therefore will not be described in further detail herein.

The control logic of the decoder control unit will now be
described in further detail with reference to the EPLD

program code listing set forth below:

 

SBC’I‘ION 1.

——CONS'I‘AN‘I‘ Lfl=48:
levels
CONSTANT 13-116:
CONSTANT 1.33150:
CONSTANT 111:3184:
CONSTANT L§=318:
CONSTANT L6=255t
-- Defi nilions, defaults _. variables, global clock and reset signals.
SUBDESIGN dvsvlb
(
unused}
a[]1..D]: lNI’Li'l‘.
——irq_pin : OUI'PUI‘.

-— Low 12 address lines

-- irqldrerp‘dack: implement later
——dreq.___pin : lNI’L‘T.
--dack__pin :
smll ..pirt : OUTPUT:

OUTPUT:
-- Slate machine output pins (debug)

sml_pirt : OUTPUT
sn12_.pin : OUTPUT:aert: [NPU'E .. address enable
ior: INPUT; ~- ”0 mad signal
iow: [NPUl't - ['0 write signal
d['l'..0] : BIDIR: -- data bus
pafe: INPUT: -- FIFO lull flag
eorf : INPUT: -- FIFO empty flag
hf: INPUT; -- FIFO half full Flag
ad[?..tl]‘. mam:
sw[?..0] : OUI‘PUI‘.
t1? 0] : [NFL-"D.eklfi : INPUI‘.
reset : INPUT;
circuit
circuit
fifo_w : OUTPUT;
[02M : OUTPUT:

tiehack] : [N FLT.

-- DAG input (analog data in)
-- FIFO write pins [FIFO input port)
- FIE-l0 read pins (FIFO output port)
-- 25.115sz master system clock
-- reset from PCBUS

~- FIR) write signal
.. read signal from UEhd (it was tllbf)
.. needs global change
-- loophack if using EPM7096 part

tiehackZ : OUI'PUT:
)
VARIABLE

fifo_r : SOFI‘. -- fifo read signa!
nib]
[Uth : SOFT; -- read FIFO status signal
will-be : SOFT; -- write (used to go into RAW mode}
d[?.,D] : NUDE: .. Data bus inputs
t:t_u[r..0] : TRI;
symtolifl] : dfle;
enllll..0] : dffe:
in[’_'..tl] : dEEe:
ind[2..0] 2
real l..l.l] :
alallfi] :
albf7..3] :
alcf 1.3] :
ald[?.3] :
raw_mndc: dll'c;
raw_cnl.IJ ..0] : dfle;
all) : dfl’e:

dHc;
cll‘fc:
cll‘fc:
dlIe:
dfl‘e:
dli‘e;

-- Data bus tristate output
-- Symbol timeout counter
-- counter for blanking timeout

._ input code 000 thru 100 (binary)
-- delayed code 000 thrn ltJtJ (binary)
-- result hit pair 110 thru I] (binary)

-- Above level 3—? pipeline stage A
- Above level 3—? pipeline slagc l3
-- Above level 3-? pipeline stage C‘
-- Above level 3-7 pipeline stage D
-- raw mode flag
.. counter until we exit raw mode

.. Above level 0 (not sync}
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 -continued

all :dfl‘e: —— Above level 1 (not blanking}
sw['?..0]: dfi'c: —— FIFO write bits
grst 1 NODE: —— Global reset nude
gclk : NUDE; -- global clock node
galea : jkffc: -- gate a to DAC for AGC
gateb : jkfl‘e; -- gate [1 to DAC (see DAC app notes)
nadl 1.0] 2 dfic; .. delayed ad input
nnad[8..0] : dfle: -- average of AD and AND {filter}
strobe : dffe: -- strobe dam write
strobe] : dfi’e; -- delayed strobe date write
SM_dVS\'200: MACHINE

OF BITS (sm[7..D]}
WITH S'l‘ATES (zero, me, two, three, l‘nur, five, six, seven]:

BEGIN
DEFAUIJI'S

swfl.clk - VCC'. -- no data by default
swlxlk - VCC;
swiclk - VCC
sw3.clk = VCC:
sw4.elk = VCC‘:
swielk = VCC:
sw6.clk = VCC:
swlclk = VCC:
fifu_w a VOC: -— wall for write to bl: sensible
blnkj = (3ND; —— manage blanking signal
blnkk — GND:
gateaj - GN'D; -- control gaiem'b signals
gateak - GN'D
gatebj - 0ND;
gated}: - GND:
raw_mode.clrn a VCC‘: —— leave raw mode alone

END DEFAULTS:
gclk -= GLOBAL(ck2.5J: —— global clock
grst -= treset; —— global low-true reset signal

-- fifu._,w_clk n gclk‘.
tichackZ n licbackl .52, GND: -_ keep the pins occupied

llC
SM_dvstOD.clk a gclk; ~— State machine is syncmnous
SM_dvsv200.reset . grst: -- and reset on power up

happy
sm1_pin 2 GND;
sn12_pin - GN'D: 

SECTION 2. 

—- if we're in raw mode, SW should track AD so that we write raw data to FIFO
—- otherwise we pair ‘cm up, muse we send a pair of bits at a time.
swim a rest} 5: !raw_mode # adt) & raw_mode:
swl.d = resl Sc !raw_mode til adl & raw_mode:
swirl I: rust) & lraw_rnodc # adZ & raw_mndc;
swirl n rusl & lraw_rnodl: # ad3 & raw_mnde;
sw4.d a rest] 6‘: traw_rnodc # ad4 & raw_mudc;
swid n rcsl 6‘: traw_modc # adS & raw_mude;
sw6.d - resD & !raw_rrtode it adfi 8: raw_ntode:
sz.d - res] & lraw_mode it ad? 8: raw_ntode: 

SECTION 3. 

—- when symtol3..0] gets down to 12, the state machine clocks the
—- current resilresfl pair into the approriate output pair based on the
—- state of the machine (sw'flswfi, sun-Slsw4, st-llswfl, swlfswfll, and then
~- trips to the next stale. If, within states 3, 4, or 5, syrnto[3.,0]
—- gets dawn to 0, we reset the state machine tn stab: 2. Once we've hit
—- state 6, “1: have :1 Valid byte ready to write to the fifu, so on “it: ncxl
—- lick we. will signal the fifo_w line, and than TCSCL the machine to state 2.
-- Raw mode is unimportant to normal operation.

CASE (SM_dvsV200) 15one
IF lraw_modc THEN

SM_dwv200 a two:
ELSE
rawhcntl ] = 0:
SM._dvsv200 - one:

END IF:

“410}- adt?..0]:
swilfllelk = gclk;
fifo_w n gclk: -- count counts 8: write data

[F thlnk & cntfll..t)]-n-D Tl-IEN

Q
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raw_ent[ ] = raw_cnl[ ] + 1'.
IF raw_cnt[ }==3 THEN

raw modeclm = 0ND:
END IF;

END IF;
IF haw nlodcTHEN

5M_dvsv300 two;
ELSE

SM_dvsv20(J = one:
END IF: 

—— when we're out of counts

- reset mw mode

.. when done, resume decode

SECFION 4. 

WHEN two =>

IF (symtn[3..0]--I£J THENsunclk - (3ND:
sw].c|k - (3ND:
SM_d\-'sv3m I ”WEE;

mode
SM_dvsv.‘!tJtJ = zero:

ELSE
otherwise

[END IF:
WHEN three =>

IF (symtu[3..n‘==12_1 THEN
sw2.clk = GND:
swictk - (3ND:
SM_dvsv200 - four;

ELSIF symto[3,.0]!-U THEN
SM_dvsv2t]fl - three:

ELSE

 

two
END [1":

WHEN four =>

IF (symtu[3..0}==12J THENsw4.clk = GNU:
swictk = GND:
SM_dvsv200 = five:

ELSIF symtoIS..D]‘.aO THEN
SM_dvsv2!J(J 2: four.

ELSE
two

END IF:
WHEN five ->

IF (symm[3..U}--12J THEN
swo.clk = 6ND:
swchk = 6ND:
SM_dvswflI'JCl = six:

ELSIF symlo [3..IJ']!==0 THEN
SM_dvsv2t'JO = five:

[ELSE
two

[END IF:
WHEN six -:

IF (VCC) Til'E-N
SM._dvsv‘.’00 - seven:

END IF:
WHEN seven =>

11: (VCC)'1‘HEN
I"L[0_w = 0ND:
SM. dvsflflfl = two:

END IF:
END CASE: 

-- if we get to I".-_. good data
-- clock in bits t} S: I

-- go to state three

-— if we got. to 12, good. data—— clock in bits 3 5k 3

-- go to state four
-- if no timeout
-- hold current state

._ if we got. to 13, good data
'— clock in bits 4 & 5

—- go to state “VI:-- if no timeout
—- hold current state

-- if we got to 13. good data—— clock in bits 6 8t '1'

—— go to state six
—— it' no timeout
~— hold current state

-- go to state seven

-— generate write pulse
-— go to state two

SECTION 5.

-- When strobe 1 goes low, we set symlo [3..0] counter to 14. On each
-- successive clock, it counts down 1 count, toward 0.
strobe]

symtol3..t1j= l4:
ctsif symto[3..l’)]!=0 then

symtolifl] -= s_\’mto[3..0]—1:
ctse

symtdifllu 0:
and if:

-— if time left, count down

-- hold at 0 until slrihcl

SECTION 6.

-- liere are address decodes for fifo_r rDZbc and mllbc, to give access
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-continued 

-- to this device within [he PC addresx Space.rfilbcdn a tall S: tall] St a? S: :38 S:
a?&te$&a§&a4&
a3 5‘: a2 & Eal & Bail & Eior 6: teen;

wOEbcin -!all 5i lall] 5: a9 5; 538 &
a?&ta6&a5&a4&
33 5': a2 6; la] 8; tail 62 liow & Eaert:

fit'o_l = tall & Salt] 3: a9 & 298 J:
a?&ta6&a5&a4&
a3 & a2 5: la] & a0 6‘: lior &!aer1:

1'0be x: lfifo_r: 

SECTION ".I'. 

-- Raw mode is unimportant to normal operation.
raw. modeelk - gclk: -- handle raw mode
raw_cnt[ ].clk - gclk:
raw_mode - d7:
raw_mode.ena -= wflEbcz 

SECTION 8. 

—- On a sample by sample basis (at 25.1?5Mhz), compute the sum of the
—~ current analog input ad[7..fl_] and [he previous analog input nad[?..ll]
—- and put [he result into nnadiS..l'l] for later use. Also clock the current
—- analog input adllfl] into nad[?..ll] to set it up for the next cycle.
nad[?..fl].clk - gclk:
nnad[8..0].clk - gclk:
nad[?..fl] - ad[ 1.0]:
nnad[8..n] - {0,nadl?..fl]j+(fl,ad[7..fl]}: 

SECTION 9. 

—- Data bus U0 functions, read produces status flags, write can set modes.
d[7_.fl] a tri[ 1.010111:
lri_ d[?..D].oe 2: rflfihe # fifo._r;
lri_d[ 7..U].in = (hl' & IlJZbc # [7" & fit'o_r,

f6 & fifo_r,
eort' 3: rfli’hc at E5 & fifo_r_.
pal}: 6r IOZbc # [-1- fit fil'o_r,

f3 .St fit'o_r,
f3 ti: fifo_r_.
fl & fifo_r_.
1D & fife r]; 

SECTION 10. 

—— Watch ad7, ado, and ads: if any one is non—zero, set all), the above
-‘ level 0 flag. Also compare sd[T..Uj with Ll—l (79], and if it is grealer
—— then set all, the above level 1 flag. These llags are based on the raw
—- ADC data, and are used to synchronize the counter enl[]‘l..t'l] as well as
—— the gates and galcb signals. which are fed back to the ADC t'or automatic
—- gain and level control.
ath.elk - getk:
allelk - gelk:
alt] -ad? at adG if ad5:
all - ad[7..0] > 1.1-]:
—- all -= nmad[8..t] > Ll-l; 

SECTION 11. 

.. Every time we eorupule a sum, we then range compare the result of [hat
—- sum (as an average: we drop the low bit} to determine which of 5 levels
—- it represents. The signal ala3 indicates that we are below 12, which
— would correspond to the encoder being in state 3 (or lower}. Signal ala4
-- indicates thal the encoder state was 4, alaS, alao, and ate? mean states
-- S, 6, and T in lhe data stream. albI‘l‘...‘] is sel to whal ala[?..3] was
-- last clock, and alc[ 1.3] was two clocks ago, and ald[7..3] was three
—- ago in time.
ata[7..3].clk = gulls:
aib[?..3].elk = gclk:
ate[?..3].clk = get}:
atd[7.,3].cll: - gclk:
atd[7..3] - 3141.3]:
ate-[1.3] - alb[ 1.3]:
atb['i"..3] :- 31:11.3]:
ata3 = (nnad[8..]] c 12):
ata4 :1 (nnad[8..]] 3a Ll-lj (it (nnad[8..]]< L3):
ataS n (nnad[8..]] 2a 1.3-]; «St (nnad[8..]]< L4):
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alno = (marl[3..]] :a L4—1,1& (nnad[8..]]< 1.5);
aka? a (unad[3..]] >=x 1.5-1; & (nnad[8..]]< L6);

' 2..U].elk = gclk;
‘ 01:11: - gclk'.

-- fbit[2..fl].clk - gclk:
 
 

SECTION 12. 

_. If the current, last, 2nd last, and 3nd last levels all agree. we decode
_. this into a hit pattern, where al[a..d]3 means 0 (000 binary), al[a..d]4
.. - means 1 (001 binary}, al[a..d]5 means 2 (010 binaryJ. al[a..d]6 means 3
—- — (E111 binary} and al[a..d[7 means 4 (run binary} into the input pattern
—- inlE..U]. If we don't have four in a row the same, we keep the input
-- pattern From changing. Also, when we do change, indlZJJ] will have the
-- previous pattern for 1 clock.
it ala? & alh? Sc ale? & aid? then

En["‘.-..fl] - 4:
eisif alaé & albé & alcé & nldfi then
inll..t]] = 3:elsif aIaS & £1le £1 nlcfi & ald5 then
1111.0] = 3:etsif ala4 & alb4 51 ale4 & ald4 then
it'll 1.0] x: l:

elsil'ala} R :1le S; ale}; 5: nld3 then
in[2..n] = 0:

else

En[".-..9] - in[2..0]‘.end if:
in[’£..0].clk - gclk:
indl 1.0].clk - gclk:
manna] = inns]; 

SECTION 13. 

-- The following sccfion implements the decoder
res[‘l.fl].clk —- gclk:
resfl = int] 62 rest} & res] #

int} 3: [in] & resl if
ian & linI 6?. rest) #
tino & i111 & lrcs‘l #
inZ:

res] - in} .R: res] #
int] & in] it
i112:

strobe.c|k - gclk:
strohe1.ctk =x gclk:
strobe == (tindfl K: lint} .51 inl & lira 5: rest] at: lresl) S

((indt) & int} 8‘. tin] 8c linE at lres] Hf
(tindt) & lint) at tin] & til-12 ti: tresU & lrest #
(indO {Q inf) 5‘; in] S: [irtZ S: real )1?
(lindfl & [int] 5: in] Sc ”:12 8c lresfl & rcs1)#
(indl St in2 8: rest] & res”);

strobeI = strobe: 

SECTION 14. 

-- The blnk signal is set when both all] is false and cnt[] 1.1)]:1023, which
—— means that at least 40.6?5us (1024 clocks at 25.1?5Mhz} has passed since
—- the last time it was reset. As this becomes set, cnt[ll..0] is reset to
—- D and begins to count upward again. With blnk now true, we wait until
-- entlll..0] reaches 240, or 9.533135, and then we reset bin]; and set the
—- counter cnt[l'l..fl] back to 0. We then again wait until we've counted to
—- at least 1024, and when we set: all] go false, we start over.

cnt[11_.U].clk = gclk:
b1nk.ulk u gclk:

if blnk then -- ifwe're in blanking.
if cnt{11..U]--24fl then -- if we count 240 stocks (9.53mi then
btnkl: - VCC'. -- leave blanking and reset count
ent[l]..0j-= U:

else —— otherwise we didn't reach 9.53113, so
blank

end if: -— otherwise we‘re not in blanking, so
else

it into «St (cutlfl # cntll) then -- ifit looks like sync, and at least
passed . . .

blnkj n VCC: -- enter blanking and reset count
cnt[lJ..0]= 0:else
cntl'll..0] n ent[Jl..D] + l: -- otherwise keep waiting, for a white
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and if:
end if:

SECTION 15.

n When cnt[ll..tl] reaches 4 and birth is true, we act gatca true. It remains
.. this way until cnt[ll..fl] reaches 56, and we set gates false. Note that
-- we reset both in and out of blanking, though the second reset is
-- unnecessary, it reduces the logic. So gaten will be true for 52 counts
-- (3.0btius} starting 4 counts (159ml) after we reach the sync level (when
.. alt] is false).
gatca.clk = gclk:
gatcbclk = guilt:blank

gatea.j - VCC'.
etsif entl‘t I..0}--5ti then

grates]: - VCC‘.
end if:

-- enable gate-a for TDAS708

SECTION 16.

-- Similarly, when cntltt..t)_| reaches 176 and all] is true and all is false
-v (we are at blanking level), we set gateb true. When cnt[11..0] reaches 228
—- or when all) goes false, we set gate!) false. This will produce a 52 count
—- (2.066115) signal starting ”(1 counts (6.991115) after we reach the sync
—- level (when all) is false) or will truncate it in the case that we return
sync).
<blank

gatch - VCC:
elsif cntll I..tl}--".-28 it tnlfJ then

gateth = VCC;
end if:
ENE);

-- enabie gate-b for TDAR'FBS

Referring first to SECTION 8. on a sample by sample
basis (i.e., a 25.175 Mhz sampling rate), the sum of the
current analog input ad[7..0] and the previous analog input
nad[7..0] is computed and put into nnad[8..0] for later use.
The current analog input ad[7..0] is clocked into uad[’r‘..0] to
set it up for the next cycle.

At SEC'I‘ION 10 ad7. adfi, and adS (the three highest bits
of the analog input) are watched. If any one is non-7cm, set
alU, the above level 0 (11]) flag. The current analog input
ad[7..0] is compared with 1.1-1 (79), and if it is greater then
set all, the above level 1 (1.1) flag. These flags are based on
the raw ADC data, and are used to synchronize the counter
cnt[ll..0] as well as the gatea and gateb signals. which are
fed back to the ADC for automatic gain and level control.

With reference to SECI'ION 14, the blnk signal is set
when both all) is false (i.e., NOT above 1.0) and cnt[ll..0]
>1023, which means that at least 40.675 us (1024 clocks at
25.175 Mhz) has passed since the last time it was reset. As
the bink signal is set, cnt[ 11.11] is reset to 0 and begins to
count upward again. With bink now true. the system waits
until cnt[ll..0] reaches 240, or 9.533 us, and then birtk is
reset and counter cnt[l..0] is set back to The system then
waits again until counter cnt[ll..0] has counted to at least
1024. and when a10 goes false, the birtk signal is set again.

Turning now to SECTION 15, when cnt[ll..0] reaches 4
and bink is true. gatea is set true. It remains this way until
cnt[11..0] reaches 56, and then gatea is set false. Note that
reset occurs both in and out of blanking. While the second
reset is unnecessary, it reduces the logic. gatea is true for 52
counts (2.066 us) starting 4 counts (159 us) after we reach
the sync level (i.e., when all) is false).

Similarly, in SECTION 16, when cnt[]_t..0] reaches 176
and 2110 is true (not at sync level) and all is false (at
blanking level), we set gateb true. When cnt£ll..0] reaches
228 or when all] goes false (at sync level). we set gateb
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-- else ifwe get to 56 counts (2.2315)
-- disable gate-n (on 52 counts, 2.06m)

-- else if we get to 328 counts (9.06m)
-— disable gate-h (on 52 counts, 2.0eusJ

false. This will produce a 52 count (2.066 us) signal starting
176 counts (6.991 us) after we reach the sync level (i.e..
when 310 is false) or will truncate it in the case that we
return to sync level {such as during the equalization pulses
in the vertical sync).

Referring now to SECTION 11, every time the sum of the
previous analog input (nad[7..0]) and the current analog
input (ad[7..l]]) is computed, the result of that sum is
averaged (i.e., by dropping the low bit of the sum), and the
average is range compared to determine which of 5 levels.
(L2, 1.3, 1.4, 15, and 1.6) it represents. The signal ala3
indicates that we are below L2, which would correspond to
the encoder being in state 3 (or lower). Signal ala4 indicates
that the encoder state was 4, while ala5, ala6, and ala7 mean

states 5, t5, and 7 in the data stream. alb[7..3] is set to what
ala[7.3] was last clock, and alc[7..3] was two clocks ago,
and ald[7..3] was three ago in time. As a result, a history ol’
levels (or encoder states) is generated.

Turning now to SECTION 12, if the current, last, 2nd last,
and 3rd last levels tie, encoder states) all agree, the data is
decoded into a bit pattern, where al[a..d]3 means 0 (000
binary), al[a..d]4 means 1 (001 binary), al[a..d]5 means 2
(010 binary), al[a..d]6 means 3 {011 binary) and a1[a..d]7
means 4 (100 binary) into the input pattern in[2..0]. If four
consecutive levels (Le. encoder states) are not the same, the
input pattern is prevented from changing. Also, when there
is a change in the input pattern, ind[2..t]] will have the
previous pattern for l clock cycle.

SECTION 13 implements the decoder, which is best
understood by reference to TABLE 3, set forth in FIG. 18.
'1'he labels *resU and *resl indicate what the “next” values

should be. When the signal strobe is shown as “0” in the
above table, a strobe is generated. As can be seen, there is
no strobe when the input pattern in[2..0] and the delayed
pattern ind[2..[l] are the same (indicated with [no]). The
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signal strobel is the same as strobe, l clock delayed. It
should be appreciated that ifthc previous pattern in ind[2..0]
is looked up using the current output res[1..0] and the current
pattern in[2..0], the next output *res[l..0] is obtained {which
is the decoded data).

Referring now to SECTION 5, when strobel goes low,
symto[3..0] counter is set to 14. On each successive clock,
it counts down 1 count, toward 0.

With regard to SECTION 2 and SECTION 4, when
symto[3..0] gets down to 12, the state machine clocks the
current rest ,v‘resU pair into the appropriate output pair based
on the current state of the machine (swisw, sw/sw, swisw,
swfsw}, and then trips to the next .state. If, within states 3, 4,
or 5, symto[3..0] gets down to 0 (timeout), the state machine
is reset to state 2. Once state 6 has been reached, we have a

valid byte ready to write to the Flt-'0, so on the next tick the
fifo_w line is signaled, and the state machine is reset to state
2. It should be appreciated that when symto[3..l]] gets down
to 12 and the encoder state remains the same (i.e., the same
input level), then good data has been obtained.

SECTION 6 provides address decodes for fifo_r, r02bc
and w02bc, to give access to this device within the PC
address space.

SECTION 9 is directed to data bus HO functions where

read produces status flags, and write can set modes.
SECTION 3 and SECTION 7 are directed to a raw mode,

which is unimportant to normal operation.
SECTION I is directed to definitions, defaults, variables,

global clock and reset signals.
Referring now to FIG. 19 there is shown a timing diagram

showing the digital encoded input data (in analog form) and
other decoder data, as will be described below. The analog
data waveform is the waveform input to the analog-to—digital
converter of the receiveridemder. The analog data wave-
form shown in FIG. 19 includes the HSYNC (horizontal
sync) and HBLANK (horizontal blanking) transitions, fol—
lowed by noise. The transition from level A to level B marks
the beginning of the encoded bit pairs. The level A to level
B transition decodes to hit pair "00." The transition from
level 13 to level A decodes to hit pair "00,” and so on. As
noted above in connection with the encoding procedure, the
bit pairs are received in the order of least significant bit pair
to most significant bit pair. Accordingly, the first byte of
decoded data in the example shown in FIG. 19 is “00 00 00
00” (00hexi’0 base ten) and the second byte of decoded data
in the example shOWn in FIG. 19 is “00 00 00 01”(01hexi1
base ten). The subsequent bytes of data are 03hex and 04hex.

The corresponding decoder states are shown below the
analog data waveform. State 2 is waiting for the first pair of
data bits; transition from state 2 to 3 is clocking-in ofthe first
pair of data bits to 8-bit temporary storage register SW
(explained in detail below); state 3 is waiting for the second
pair of data bits; transition from state 3 to state 4 is the
clocking-in of the second pair of data bits to register SW;
state 4 is waiting for the third pair of data bits; transition
from state 4 to state 5 is the clocking-in of the third pair of
data bits to register SW; state 5 is waiting for the fourth pair
of data bits; and transition from state 5 to state 6 is the

clocking—in ol'the fourth pair ofdata bits to register SW (thus
completing a byte of data). Transition from state 6 to state
7 is a write pulse enable where the data stored in register SW
is written to the FIFO. Transition from state 7 to state 2 is

a write pulse disable.
FIG. 19 also shows the value stored in 8-bit register SW,

which temporarily stores the decoded data bit pairs before
they are written to the FIFO as a byte of data. The 8-bit
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register SW stores the bit pairs in their proper order as they
are decoded. In this regard, the first decoded bit pair of a byte
is stored as the least significant bit pair, while the last
decoded bit pair of a byte is stored as the most significant bit
pair. Once a full byte has been decoded and stored in register
SW, the contents of register SW are written to the FIFO.
Thereafter, new decoded bit pairs are written to register SW.
However, it should be understood that the contents of

register SW are not cleared, but rather, the new decoded data
bit pairs will overwrite the old data bit pairs. Therefore, the
value stored in register SW will not reflect the proper
decoded data byte until all four bit pairs have been clocked-
in to register SW. The hex values above the write pulses
(FIG. 10) indicate the value stored in register SW at the time
the data is written to the Fl F0.

It should be appreciated from FIG. 19, that the decoder
interprets any level below 116 as level A. In this regard, the
decoder, according to a preferred embodiment does not
generate decoded data during horizontal (and vertical)
blanking intervals. The decoder only uses the horizontal
synchronizing pulse and horizontal blanking pulse for cali-
brating the analog—to~digital converter (i.e., DC restoration).
These and the other timing signal pulses are generated by the
encoder to provide a “mock“ NISCT-compatible signal.
Therefore, it should be appreciated that the present invention
can be modified to "skip" selected horizontal synchronizing
and blanking pulses, and instead transmit (during the hori-
zontal blanking interval) encoded data (i.e., encoded bit
pairs). For example, if the horizontal synchronizing and
blanking pulse are skipped every other scan line, then an
additional ll risec of time becomes available on each scan
line to transmit encoded data. This provides an increased
data transfer rate of approximately 400,000 bps (with 5
encoding levels). Moreover, the present invention can be
modified to transmit encoded data (Le. encoded bit pairs)
during the period dedicated to the vertical blanking interval.
Substituting encoded data for the equalization, vertical sync
and vertical blanking pulses, will yield an additional 21 lines
of data, 60 times a second. This allows for 1260 lincsx34
bytes per line, or 41580 more bytes per second. Accordingly,
a 332,640 bps increase is possible when using just 5 encod-
ing levels. In addition, by starting to encode data earlier in
the horizontal blanking interval period (at least 2 us of
blanking is needed for the AGC} may net as high as a 20
more bits per scan line. This allows for a 315,000 bps
increase maximum for a 5 level encoding scheme. It should
be understood that the present invention is suitable for the
foregoing modifications because it does not rely upon the
timing signals of the horizontal and vertical blanking inter-
vals for synchronization. Instead, the encoding scheme of
the present invention has an inherent self-synchronizing
characteristic, as discussed in detail above.

It should also be appreciated that the present invention
allows for the transmission of video data encoded at

approximately 1 million hits per second across the system at
4 million bits per second. Aceordingly, video data can be
sent “faster than real time.” For instance, 2 hours of video
data can be sent from point A to point B in to hour. By using
a broadcasting medium, 2 hours of video data can be sent
broadcast to points B1 through BN in a total of V2 hour.
Moreover. it is contemplated that the present invention can
be optimized to provide a data transfer rate in excess of 30
million bps, while complying with the N'I‘SC standard.

As can be appreciated from the foregoing description the
present invention dramatically shortens the time needed to
transmit electronic data, including databases, digital video
and digitized images. As indicated above, the data may be



6,122,010

43
transmitted via wired or wireless transmission mediums.

Since the encoding scheme of the present invention forms an
integral part of the transmission medium itself, the trans-
mission time is substantially reduced, just as if the data had
first been farther compressed before transmission. It should
be appreciated that the present invention may be imple-
mented using a unidirectional transmission mode, or a
bi—directiona] transmission mode with symmetrical or non~
symmetrical data rates in the return path. Moreover, the
return path may be via many means and is not limited to the
same means as the initial transmission.

It should be appreciated that the present invention has
myriad applications, including downloading of nun-demand
movies, Internet data transfer, tele~medicine (i.c., transfer of
high-resolution medical images). and the like. Any applica—
tion requiring the transfer of large quantities of data in a
short period of time would be particularly well suited for use
in connection with the present invention.

The foregoing description is a specific embodiment of the
present invention. It should be appreciated that this embodi-
ment is described for purposes of illustration only, and that
numerous alterations and modifications may be practiced by
those skilled in the art without departing from the spirit and
scope of the invention. It is intended that all such modifi-
cations and alterations be included insofar as they come
within the scope of the invention as claimed or the equiva-
lents thereof.

What is claimed is:

l. A data transmission system for transmitting data via a
television signal, the system comprising:

transmitting means adapted for transmitting the television
signal, comprising:
(a) encoding means adapted for receiving raw data and

generating digital encoded data indicative of the raw
data, wherein said encoding means includes:
means for establishing at least N+1 output levels,

each transition in said output level representing an
encoded input value indicative of raw data; and

means for receiving a plurality of input values to be
encoded, wherein said input values may be one of
N dillerent values, and

means for transitioning from one of said at least N+l
output levels to another ofsaid at least N+1 output
levels for each successively received input value,
wherein each and every successive output level is
different, regardless of the successively received
input value, said transitioning output levels form-
ing the digital encoded data; and

(b) first conversion means adapted for converting the
digital encoded data to analog encoded data, said
analog encoded data forming a portion of the tele-
vision signal; and

receiving means adapted for receiving the television
signal, comprising:
(a) second conversion means adapted for converting the

analog encoded data to digital encoded data, and
(b) decoding means adapted for converting the digital

encoded data to raw data.

2. A data transmission system according to claim 1,
wherein said encoding means generates digital encoded
timing data indicative of timing signal data and said first
conversion means converts the digital encoded timing data
to analog encoded timing data, wherein said analog encoded
timing data forms a timing signal portion of the television
signal; and

said second conversion means converts the analog
encoded timing data to digital encoded timing data. and
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said decoding means converts. the digital encoded tim-
ing data to timing signal data.

3. A data transmission system according to claim 1,
wherein said transmitting means further comprises first
storage means for storing raw data.

4. A data transmission system according to claim 1,
wherein said receiving means further comprises second
storage means for storing raw data.

5. A data transmission system according to claim 1,
wherein said digital encoded data is transferred between said
transmitting means and said receiving means using a tele-
vision signal communications medium.

6. A data transmission system according to claim 1.
wherein each said different input value represents log;{N)
bits.

7. A data transmission system according to claim 1,
wherein each said N diflerent input value represent one of
the values 0 through N in base N+1.

8. A data transmission system according to claim 1,
wherein said decoding means includes means for decoding
each of said output levels into an input value according to a
set of rules determined by both the output level currently
being decoded and one or more output levels previously
decoded.

9. A data transmission system according to claim 1,
wherein said decoding means includes:

means for establishing a plurality of input data ranges,
each said input data range associated with an input
pattern corresponding to the raw data; and

means for comparing said digital encoded data to said
plurality of input data ranges.

10. A data transmission system according to claim 1,
wherein said television signal is compatible with at least one
of the following television waveform standards: N’I‘SC,
SECAM, PAL and HDTV.

11. A data transmission system according to claim 1,
wherein the frequency of transitions between output levels
varies in accordance with the relative difference between

successive output levels.
12. A data transmission system according to claim 5,

wherein said television signal communications medium
includes at least one of: over-the-air broadcast transmission,
cable television transmission, satellite television
transmission, microwave television transmission and
closed-circuit television transmission.

13. A data transmission system according to claim 9,
wherein said decoding means further includes means for
averaging one or more successive items of said digital
encoded data, and means for comparing the averaged digital
encoded data to said plurality of input data ranges.

14. A data transmission system according to claim 2,
wherein said encoding means includes:

means for establishing at least N+l output levels, each
transition in said output level representing an encoded
input value indicative of timing signal data; and

means for receiving a plurality of input values to be
encoded, wherein said input values may be one of N
different values.

15. A data transmission system according to claim 2,
wherein said timing signal data includes timing data asso—
ciated with a horizontal blanking interval and a vertical
blanking interval.

16. A data transmission system according to claim 11,
wherein said transmitting means fu rthcr comprises:

means for transitioning from one of said at least N-t-l
output levels to another of said at least N+l output
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levels for each successively received input value, said
output levels forming the digital encoded liming data.

17. A data transmission system according to claim 16,
wherein said decoding means includes means for decoding
each of said output levels into an input value according to a
set of mics determined by both the output level currently
being decoded and one or more output levels. previously
decoded.

18. A method for communicating data via a television
signal, the method comprising:

encoding raw data values to form digital encoded data
indicative of the raw data values, said step of encoding
includes;
(a) receiving a plurality of raw data values to be

encoded, wherein each said raw data value may be
one of N different raw data values, and

(b) establishing at least N+1 output levels, each tran-
sition in said output level representing an encoded
raw data value;

converting the digital encoded data to analog encoded
data;

transmitting the analog encoded data in a portion of the
television signal, wherein said step of transmitting
includes transitioning from one of said at least N+1
output levels to another of said at least N+l output
levels [or each suceessively received raw data value. —
wherein each and every successive output level is
different, regardless of the successively received raw
data value, said transitioning output levels forming the
digital encoded data;

receiving the analog encoded data, and convening the
analog encoded data to digital encoded data; and

decoding the digital encoded data to form the raw data
values.

19. A method according to claim 18. wherein said method
further includes the steps of:

encoding timing signal data to form digital encoded
timing data indicative of the timing signal data;

converting the digital encoded timing data to analog
encoded timing data, wherein said analog encoded
timing data is transmitted in a timing signal portion of
the television signal;

converting the analog encoded timing data to digital
encoded timing signal data; and

decoding the digital encoded timing data to form the
timing signal data.

20. A method according to claim 18, wherein the step of
transmitting the analog encoded data includes transferring
the analog encoded data between a transmitting means and
a receiving means using a television signal communications
medium.

21. A method according to claim 18, wherein each of said
N difierent raw data values represent log,_.(N} bits.

22. A method according to claim 18, wherein each said N
difl’erent raw data values represent one of the values 0
through N in base N+1.

23. A method according to claim 18, wherein said step of
decoding includes:

decoding each of said output levels into an input value
according to a set of rules determined by both the
output level currently being decoded and one or more
output levels previously decoded.

24. A method according to claim 18, wherein said step of
decoding includes:

establishing a plurality of input data ranges, each said
input data range associated with an input pattern cor-
responding to the raw data; and
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comparing said digital encoded data to said plurality ol"
input data ranges.

25. A method according to claim 18, wherein said tele-
vision signal is compatible with at least one of the following
television waveform standards: NTSC, SECAM, PAL and
HDTV.

26. A method according to claim 19, wherein the fre-
quency of transitions between output levels varies in accorw
dance with the relative dilIerence between successive output
levels.

2'7. A method according to claim 20, wherein said tele-
vision signal communications medium includes at least one
of: over-the-air broadcast transmission. cable television
transmission, microwave television transmission, closed—
circuit television transmission, and satellite television trans-
mission.

28. A method according to claim 24, wherein said step of
decoding fixer includes the step of averaging one or more
successive items of said digital encoded data and comparing
the averaged digital encoded data to said plurality of input
data ranges.

29. A method according to claim 19, wherein said timing
signal data includes timing data associated with a horizontal
blanking interval and a vertical blanking interval.

30. A data transmission system for transmitting data via a
television signal, the system comprising:

transmitting means adapted for encoding raw digital input
data into encoded data and generating a mock NTSC
television signal having the encoded data embedded
therein, said transmitting means including means for
transitioning from one of at least N+1 output levels to
another of at least N+1 output levels for each succes-
sively received raw digital input data, wherein each and
every successive output level is different, said transi~
tioning output levels forming the encoded data; and

receiving means adapted for receiving the mock NTSC
television signal and decoding the encoded data to form
the raw digital input data.

31. A data transmission system according to claim 30,
wherein said transmitting means encodes raw digital input
data at a rate equal to or greater than 1 million bits per
second (bps).

32. A data transmission system according to claim 30,
wherein said transmitting means includes a broadcast trans-
mitter.

33. A data transmission system according to claim 30,
wherein said receiving means includes a plurality of televi-
sion signal receiving devices.

34. A data transmission system for transmitting data via a
radio frequency (RE) signal, the system comprising:

transmitting means adapted for transmitting the RFsignal,
including:
encoding means adapted for receiving raw data values

and generating digital encoded data indicative of the
raw data values, wherein said encoding means
includes:

(a) means for receiving a plurality of raw data values
to be encoded, wherein said raw data values may
be one of N different values,

(b) means for establishing at least N+1 output levels
having a corresponding digital encoded data
value, each transition in said output level repre-
senting a raw data value, and

(c) means [or transitioning from one of said at least
N+1 output levels to another of said at least N+l
output levels for each successively received raw
data value, wherein each and every successive
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output level is difi'erent, said transitioning output
levels forming the digital encoded data; and

analog conversion means adapted for converting the
digital encoded data to analog encoded data.

35. A data transmission system according to claim 34,
wherein said system further comprises:

receiving means adapted for receiving the RF signal,
including:
digital conversion means adapted for converting the

analog encoded data to digital encoded data; and
decoding means adapted for converting the digital

encoded data to raw data.

36. A data transmission system according to claim 35,
wherein said RF signal is a television signal.

37. A data transmission system according to claim 36,
wherein said television signal is at least one of an over-the-
air broadcast television signal, a cable television signal, a
microwave television signal, a closed-circuit television sig-
nal and a satellite television signal.

38. A data transmission system according to claim 36,
wherein said television signal includes an active video
portion for displaying video information, wherein said aria-
log encoded data forms a part of the active video portion.

39. A data transmission system according to claim 36,
wherein said television signal includes a timing signal —
portion for providing receiver timing signals, wherein said
analog encoded data forms a part of the timing signal
portion.

40. A data transmission system according to claim 36,
wherein said television signal is compatible with at least one
of the following television waveform standards: NTSC,
SECAM PAL, and HDTV.

41. A method for transmitting data via a radio frequency
(RF) signal, the method comprising:

receiving a plurality of raw data values to be encoded into
digital encoded data values, wherein said raw data
values may be one ot‘ N different values;

establishng at least N+1 output levels having a corre-
sponding digital encoded data value, each transition in
said output level representing a raw data value; and

converting the digital encoded data to analog encoded
data forming at least a portion of a transmitted RF
signal, wherein said analog encoded data includes data
transitioning from one of said at least N+l output levels
to another of said at least N+1 output levels for each
successively received raw data value, wherein each and
every successive output level is diflerent.

42. A method according to claim 41, wherein said method
further comprises:

receiving the transmitted RF signal;

converting said analog encoded data to digital encoded
data values; and

converting the digital encoded data values to raw data.
43. A method according to claim 41, wherein said RF

signal is a television signal.
44. A data transmission system for transmitting data via a

television signal, the system comprising:
a transmitter adapted for transmitting the television

signal, comprising:
(a) an encoder adapted for receiving raw data value and

generating digital encoded data indicative of the raw
data, said encoder generating digital encoded data
transitioning from one of at least N+1 output levels
to another of said at least N+l output levels for each
successively received raw data value, wherein each
and every successive output level is different, and
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(h) a first converter adapted for converting the digital
encoded data to analog encoded data, said analog
encoded data forming a portion of the television
signal; and

a receiver adapted for receiving the television signal,
comprising:
(a) a second converter adapted for converting the

analog encoded data to digital encoded data, and
(b) a decoder adapted for converting the digital

encoded data to raw data.

45. A data transmission system for transmitting data via a
radio frequency (RF) signal, the system comprising:

a transmitter adapted for transmitting the RF signal,
including:
an encoder adapted for receiving raw data values and

generating digital encoded data indicative of the raw
data values, wherein said encoder includes:

(a) means for receiving a plurality of raw data values
to be encoded, wherein said raw data values may
be one of N different values,

(b) means for establishing at least N+1 output levels
corresponding to digital encoded data, each tran-
sition in said output level representing a raw data
value, and

(c) means [or transitioning from one of said at least
N+l output levels to another of said at least N+l
output levels for each successively received raw
data value, wherein each and every successive
output level is difl’erent, said transitioning output
levels forming the digital encoded data; and

a digital-to-analog converter for converting the digital
encoded data to analog encoded data.

46. Adala communication system for communicating data
via a television signal, the data communication system
comprising:

input means for receiving a plurality of input data values
representative of raw data, each said input data value
having one of N different values; and

encoding means for generating digital encoded data rep-
resentative of said input data values, said encoding
means transitioning From one of at least N+l output
levels to another of said at least N+l output levels in
respective correspondence with each successively
received input data value, wherein each and every
successive output level is difierent, regardless of the
successively received input data value, said transition—
ing output levels forming digital encoded data; and

first conversion means adapted for converting the digital
encoded data to analog encoded data, said analog
encoded data forming a portion of the television signal;
and

receiving means adapted for receiving the television
signal, comprising:
second conversion means adapted for converting the

analog encoded data to digital encoded data, and
decoding means adapted for converting the digital
encoded data to said plurality of input data values.

41A data communication system according to claim 46,
wherein said encoding means generates digital encoded
timing data indicative of timing signal data, said digital
encoded timing data is converted by said first conversion
means to analog encoded timing data, which forms a timing
signal portion of said television signal.

48. A data communication system according to claim 46,
wherein said digital encoded data is transferred between said
second conversion means and said decoding means via a
television signal communications medium.
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49. A data communication system according to claim 46.
wherein the time between initiation of successive transitions

between output levels varies in accordance with the relative
difference between consecutive output levels.

50. A method of high-speed data communications via a
television signal, the method comprising:

receiving a pluralityr of input data values representative of
raw data. each said input data value having one of N
different values;

generating digital encoded data representative of said
input data values by transitioning from one of at least
N+l output levels to another ofsaid at least NH output
levels in respective correspondence with each succes-
sively received input data vaiue, wherein each and
every successive output level is difierent, regardless of
the successively received input data value, said transi-
tioning output levels; l'orrning digital encoded data; and

convening the digital encoded data to analog encoded
data, wherein said analog encoded data forms at least a
portion of the television signal, and transmitting the
television signal via a television communication
medium.
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51. A method of high-speed data communications accord-
ing to claim 50, wherein said method further comprises the
steps of:

receiving said transmitted television signal;

converting the analog encoded data to digital encoded
data; and

decoding said digital encoded data to said input data
values.

52. A method of high-speed data communicat ions accord-
ing to claim 50, wherein said method further comprises the
step of generating digital encoded timing data indicative of
timing signal data, wherein said digital encoded timing
signal data is converted to analog encoded timing signal data
which forms a timing signal portion of said television signal.

53. A method of high-speed data communications acmrd-
ing to claim 5|], wherein the time between initiation of
successive transitions between output levels varies in accor-
dance with the relative diEference between consecutive out-

put levels.


