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PREFACE

This report documents work performed during the period from April 1974
to February 1975 bv AiResearch Manufacturing Company, 2525 West 190th Street,
Torrance, Calitfornia 90509, under Contract F08635-74-C~0097 with the Air Force
Armament Laboratory, Armament Development and Test Center, Eglin Air Force

Base, Florida 32542. Mr. Claude M. Connel!l (DLJA) managed the program for
the Armament Laboratory.

This report has been reviewed and is approved for publication.
FOR THE COMMANDFR:

WILL!IAM F. BROCKMAN, Colonel, USAF
Chief, Munitions Division
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SECTION |

INTRODUCT 1ON

This final report summarizes the work performed under Contract FO8635-74-
C-0097, multiport multiplex group program. The work statement for the multiport
multiplex group specified design, development, and fabrication of a breadboard
multiplexer, transmission medium, and demultiplexer for a high-frequency multi-

plex system (see Figure 1 ). Design specifications for the multiplex channels
were:

i
%
-

(a) 7.5-MHz bandwidth, Composite Electronics Industries
Assocliation (EIA) video

(b) 12-channel analog input conditioning for 1-MHz bandwidth signal

(c) 32 input channels for discrete or digital signals

(d) Design and development of a full duplex video ftransmission link,

As a result of standardization by the Air Force on the MIL-M=1553 multiplex
it requirements and concentration on video data transmission and recovery, the
| program was rescoped to design, develop, and fabricate the video encoder/

decoder (3-bit DPCM) and a bidirectional data transmission link,

x

o R il

Section 1 is a summary of results and includes fabrication, testing,
~ encoder/decoder per formance, conclusions, and recommendations., The design
approach is discussed in Section|l; Section |ll presents theory and operation.
Breadboard system fabrication is discussed in Section I\. Image coding and
digital data link development information is presented in the appendixes.

. i e

1.1 FABRICATION

i

The bidirectional transmission link operating at 100 MHz and the video
encoder/decoder were fabricated and tested. Off-the-shelf components were

1 employed in the fabrication of the encoder/decoder, and standard laboratory
‘} packaging was used.

1.2 TESTING AND TEST RESULTS

1.2.1 Video Transmission Digital Data Link

- A full duplex digital data transmission link was fabricated and tested
, using coaxial cable with simultaneous bidirectional input of 100 Mbits/sec.
4 Data were transmitted and recovered. The prototype video digital data link is
1 . shown in Figure 2. The -transmission system comprises two receivers, two

transmitters, two bidirectional couplers, and the RG-14A/U coaxial cable
transmission |ink,
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1.2.2 High-Frequency Analog/Digital (A/D) Converter

A high-freguency analog/digital converter was tested at a frequency of
conversion of 1 usec/6 bits, The A/D converter provided complete accuracy and
settling time paerformance required by the work statement.

1.2.3 Video Encoder/Decoder ‘

The purpose of the video encoder/decoder was to demonstrate that high-
frequency, digital, bidirectional video data transmission employing bandwidth-
compressed techniques can result in quality video pictures being recovered
and displayed. Considering a normal digitizer that has an 8-bit conversion
and is sampled at a rate of 2 samples/cycle, the number of data bits trans-
mitted for a 5~MHz video sigral would be as follows:

8 bits/sample x 2 samples/zycle x 5 x 106 éycles/sec = 80 Mbits/sec

Thus, for a non-data-compressed video channel, a data link of 80 Mbits/sec
would be required. This would normaily fill available transmission links for
aircraft application.

Through the use of a video encoder/decoder, the number of bits transmitted
can be significantly reduced, resulting in more video channels being trans-
mitted for the same grade transmission link. As an example, using the 3-bit
DPCM encoder/decoder developed for the program, the number of bits per 5-MHz
video signal Is as follows:

3 bits/sample x 2 samples/cycle x 5 x 106 cycles/sec = 30 Mbits/cycle

Thus, a data transmission link with 90-Mbits/sec transmission rate can handle
3 video channels on a time division multiplexed basis.,

For the Eglin program, a video encoder was designed, fabricated, and
tested. The basic encoder operates in a 3-bit DPCM (differential pulse code
modulation) mode. Testing was conducted at variable sampling rates (frequency
of operation) and variable bit encoding levels.

1.3 ENCODER/DECCDER PERFORMANCE

The performance of the encoder/decoder was qualitatively assessed by
comparison of the original transmitted signal with the 3~-bit DPCM video com-
pressed signal. The test setup consisted of a closed circuit video camera and
monitor with the encoder/decoder connected between the two when viewing band-
width compressed signals. Under normal operation, a »-MHz video signal was

cable-transmitted to the monitor. A resulting test picture is shown in Figure
35

1.3.1 1 Bit - Encoded/Decoded (10 MHz)

The encoder/decoder was modified to operate as a 1-bit encoder/decoder.
A photograph from a bandwidth-compressed signal using the 1 bit/sample DPCM
(commonly referred to as delta modulation) is shown in Figure 4. The picture
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Figure 3. Normal Operation, 5-MHz Video Signal Transmission




CODED 1 BIT

‘ Figure 4. 1-8it Encoded/Decoded DPCM at 1
10-MHz Sample Rate :




indicates both granularity and inability to track the sharp edges of a highly

= contrasted area. When using the DPCM mode, these two phenomena occur and are : 4
referred to as: !
;
4 (a) Granularity
|

}5 (b) Slope overload

F Granularity results from the threshold at which a 1 bit will pe trans~ 4

p-! : mitted. The threchold corresponds to a finite change on the gray scale or 4
resolution of the adjacent picture elements. By increasing the resolution ]

, (decreasing the voltage threshold), the granularity will be reduced. This

k' ’ reduction, however, results in inability to track a highly changing contrast

; area (see Figure A-4 of Appendix A). The tradeoff is to minimize both of

these effects by optimizing the voltage threshold level. A typical aircraft

system video picture (Figure 5) supplied by Eglin Air Force Base provides a

comparison to the i1=-bit DPCM. This comparison shows that 1 pit DPCM operating |

at 10 MHz is prcbably sufficient for the stores management application. 1

1.3.2 2-Bit Encoded/Decoded DPCM (10 MHz)

The encoder/decoder was modified to perform in a 2-bit DPCM mode. The
results of this modification are shown in Figure 6. A comparison ot the

original (Figure 3) and the bandwidth-encoded picture shows negligible
degradation,

T

1.3.3 3-Bit Encoded/Decoded DPCM (10 MHz)

et - A

| -

Results of the Eglin encoder/decoder acting as a 3-bit DPCM system are % 4
: shown in Figure 7. The quality of the picture is actually enhanced by the L
4 5-MHz bandwidth limit, which eliminates spurious high-frequency signals. |
9 1.3.4 3-Bit Encoded/Decoded DPCM (2 MHz)

The encoder /decoder was modified to operate at 2-MHz sample rate. This
results in undersampling of the basic 5-4Hz bandwidth signal. The picture
begins to break up (loss of high-frequency components) with resulting high
granularity and extensive edge business. Figure 8 1is a sample of this

4 encoding. The picture is of poor quality, but may be sufficient for the
'l application,

1.3.5 3-Bit Encoded/Decodaed DPCM (5 MHz)

by,

The encoder/decoder was modified to operate at a 5-MHz sample rata (1/2
the Nyquist sample rate). The results of this undersampled signal are shown
in Figure 9. The overall darkness in the picture is due to the photographic
process. The picture is more than adequate for the intended application.

e
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Figure 6. 2-Bit Encoded/Decoded DPCM at 10 MHz
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-' ‘ Figure 8. 3-3it Encoded/Decoded DPCM at 2 MHz
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1.3.6 3-Bit Encoded/Decoded DPCM (10 MHz)

Results of the encoder/decoder operating in normal mode 3-bit DPCw at a
sample rate of 10 MHz (Nyquist sample frequency) is shown in Figure 1,. Tne
result is an excellent reproduction of the original photograph,

1.4 RESULTS

The effect of changing sampling frequency and number of bits per sample
using the DPCM encoder/decoder is summarized in Table 1,

TABLE |. EFFECT OF CHANGING SAMPLING FREQUENCY AND BITS/SAMPLE

Sample | Number of Video

Figure |Frequency, Bit Rate Pictures on a
No. MHz Bits/Sample (MBPS) Quality 100-Mbit/sec Link

3 Original - - Reference 1

4 10 MHz 1 10 Sufficient 10

6 10 MHz 2 20 Good « 5

7 10 MHz = 30 Excel lent 3

8 2 MHz 3 6 Poor 16

9 5 MHz 3 15 Good 6

10 |10 MHz 3 30 Excel lent 3

1.5 CONCLUSIONS AND RECOMMENDATIONS
1.5.1 Conclusions

The video encoder/decoder development program resulted in hardware that
verified bandwidth compressions up to 16-to-1 can result in usable video
pictures. These compressions can greatly enhance the distribution of video

signals on either an aircraft or missile system by efficient use of available
data channels through time division multiplexing.

within the current state-of-the-art, the video encoder/decoder can be
repackaged using large-scale integration to a usable hardware size for use in
aircraft. Although logic speed and power dissipation were areas of concern

in the breadboard, and will be in a flightworthy system, these items are con-
troilable within today's environment.




| Figure 10. 3-Bit Encoded/Decoded DPCM at 10 MHz
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3 The data transmission system capable of bidirectional transmission at
1 200 MHz can be manufactured from today's hardware., Optical fibers, when
suitable optical transmitters (LED's) are available, will provide additional

advantages over the coaxial cable line. These advantages include:
] Weight and size reduction

® Reduction in signal quality degradation from external
electromagnetic interference

o Minimize the electromagnetic inter ference caused by the link
° Reduced power consumption
] Higher data rates

1.5.2 Recommendations

To make the video encoder/decoder a viable bandwidth compression tool,
an ongoing program will be required. This program should concentrate on the
next logical stage of development--fabrication and test of a flyable prototype.
The prototype should be developed to achieve the following goals:

{a) Minimum size
(b) Reduced Weight
(c) Low=-power consumption

As a Phase || program, the first step would be an industry survey to determine
size and weight of the unit, Specitications should be prepared and hardware
estimates generated. Following these steps, procurement and fabrication of the
hardware can occur. The existing breadboard provides a natural point of depar-
ture for development of the large-scale-integrated encoder/decoder. No further
work on the bidirectional couplers and transmission system would be required

In Phase II.




SECTION 11

DESIGN APPROACH

Current production alrcraft require large wire bundles to interconnect
var ious components of the electronics systems on hoard. A solution to this
problem Is to multiplex these signals on to one cable. To investigate the
teasipbility of digitizing video signals to be included in these multiplexed
cables, a video digital encoder/decoder has been developed and constructed
that will encode, transmit, and reconstruct high-quality, real-time televi-
sion pictures.

2.1 PROBLEM STATEMENT

The video output from a television camera is an analog voltage signal
with blanking pulses inserted systematically to allow proper synchronization
between television camera and monitor (Figure 11). The frequency bandwidth
of the video signal depends upon camera quality and picture content. A
video bandwidth of 5 MHz is specified for this encoder/decoder system.
(Commercial television operates with a 4.5-MHz bardwidth.)

Digital sampling theory states that an analog signal must be sampled at
~ a rate at least twice as high as the highest frequency component contained in
the signal. This requires that the video signal be sampled at a minimum rate
of 10 MHz (one sample every 100 nsec). Each of these samples or picture
elements must then be assigned a digital code word that describes its ampli-
tude. |f 8 bits are assigned to the digital code word, the analog video
samples may be quantized to 1 of 256 possible values. To transmit these data,
a data rate of: 9

6 samples bits _ 6 .
10 x 10 -—;%;-. X 8 sample - 80 x 10 bits/sec

or 80 megabit/sec Is required.

It this data rate requirement can be reduced without sacrificing picture i 0
quality, then more video channels may be multiplexed onto a given data bus, i &
or alternately, a single video channel could be transmitted on a less sophis- ‘Q
ticated data bus. | 3

2.2 SOLUTION

Since a typical television picture contains a significant amount of
redundant information and the ultimate viewer has physiological limitations
and subjective -preferences, there are many potential image coding methods that
can be used to achieve the goal of data rate reduction. (These are described

= in Appendix A).
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Studies conducted during the Initial phases of this contract compared the
various available coding methods based on:

] The amount of data reduction provided
e The quclity of the reconstructed television picture
° The requirement to remain within the current state-of-

the-art of available electronic circuits
® The ease of fabrication and mintaturization of the fina! hardware

The optimun coding technique resulting from these studies Is differential
pulse code modulation (DPCM) coding.

DPCM coders compare the present sample picture element with the preced-
ing sample picture element, and only the difference is d:.jitally encoded and
transmitted. Since the difference signal is much smallar than either picture
sample, fewer bits can be used to adequately describe it. The small digitel
difference signals are accumulated in a feedback element and the output of this
accumulator constantly fracks the video input signal due to the servomechanism
action ot a feedback loop in the coder. To reconstruct the video signal at a
receiver, the digital difference signal is accumulated in a duplicate feedback
element. The output of this second accumulator also tracks the original video

Input signal. A simplified biock dlagram of a DPCM encoder and decoder Is
shown In Flgure 12,

2.3 CIRCUIT DESIGN STRATEGY

The parameter of primary importance in i{mplementing the DPCM coder Iis the
time allowed between samples of the video signal. This system samples the video

Input at the minimum Nyquist ~ate of 10 MHz, which allows 100 nsec to perform
the following functions:

(a) Sample the difference signal

(b) Quantize and convert to a digital code word

(c) Add this code word to the result stored in the accumulator

(d) Output the accumulator for comparison with the input video signal

(e) Make the comparison and allow the new difference signal to
become stable

Candidate circult implementations that were examined revealed that the settling
times associated with discrete analog devices (e.g., summing amplifiers, sample-
and-hold modules, etc.) would consume an Inordinate portion of the loop tlme
availabl: to perform the coding functions. As-a result, a primarily digital

clrcuit Implementation was designed. Important consequences of this circuit
design strategy are:

18
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i - . (@) Circuit components could he selected from among a |imited number
i of well-established integrated circuits readily available from
§ multiple sources.

(b) The accumulators in the coder and decoder could be Iimplemented with
a digital adder circuit and a storage register, thus eliminating
| the precision components associated with analog Integrators.

1 (¢c) The digital accumulators would ensure perfect tracking between

: the DPCM coder and decoder because the circuits are identical.
3 (d) Lengthy calibration procedures associated with analog offsets,
% leakages, and drift would be el iminated.

j (e) The standard building blocks of a digital device family readily
s lend themselves to large scale integration (LS!), in which many
; devices are combined onto one large integrated circuit, thus

§ drastical ly reducing size, weight, and power consumption.

2.4 COMPONENT SELECTION STRATEGY

To perform the DPCM coding within the allotted 100-nsec loop time, a logic
family is required that has propagation delays of only a few nanoseconds.
1 There are two logic families widely available that have the required speed
j capability: (1) high-speed Schottky TTL, which is a saturating logic family,
and (2) the non-saturating emitter-coupled-logic (ECL) family. Both families
are widely available from multiple sources and have a wide variety of func-

tional elements. Gate propagation delays for the ECL family range from 1.0 to
3.0 nsec, while the Schottky TTL ranges from 3.0 to 5.0 nsec.

| The emitter-coupled-logic family produced by Motorola Semiconductor
j Products, known as MECL, was selected for this prototype feasibility applica=-
v tion. More detailed information leading to this selection is presented in
P Appendix B. The MECL | family was the first digital monolithic infegrated
] circult line produced by Motorola and was introduced in 1962. The higher=
1

. speed versions--MECL |I1! and MECL 10,000--used in this unit were introduced in
K 1968 and 1971. The rationale for selecting the MECL logic family over the
% Schottky TTL for this application are as follows:

(a) The MECL tine is 1.5 to 2.0 times taster than the Schottky TTL

line, allowing more time margin for the remaining analog sections
of the coder loop.

(b) The ability of MECL logic to drive transmission lines allows longer
signal paths. This Is important in the fabrication of a prototype
breadboard where ultimate packing density is a hindrance to system
changes and evaluation.

.1
J
0
;
.

(c) The non-saturating MECL family generates less noise than the

saturating TTL logic, which is important in an uncontrolled
breadboard environment,

20
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(d)

(e)

(t)

The level comparators used to quantize the small analog error
signals have an ECL output stage that can directly interface
with MECL coder logic, thus increasing system speed.

MECL circuits have complementary outputs and can be "wired-or"

connected, again increasing system speed and also reducing
package count.

MECL circuitry draws relatively constant power without the
switching spikes associated with all TTL circuitry. This allows
program time and money to be concentrated on the coder design
rather than expended on the acquisition of high-quality power
supplies.

21




DS i R R e

SECTION 11

THEORY OF OPERATION

To demonstrate the feasibility of digitizing television signals and to
investigate the quality of these digitized pictures, a system utilizing a
DPCM encoder and decoder was constructed. A block diagram of the complete
encoder/decoder system Is shown in Figure |5. The purpose and function of
each of these blocks are discussed beiow.

3.1 VIDEO SIGNAL CONDITIONER

The video signal conditioner buffers the Incoming video signal and pro-
vides the proper input impedance to match the video source. The video signal
is ac-coupled into the coder system and then clamped to a reference dc level
to provide stable operating voltage ranges within the coder system. The
video signal is then low-pass-filtered to el iminate spurious signal components
above 5 MHz, which would cause aliasing errors due to the sampling nature of
the coder. The video sync pulses are detected and output for use In coder
reset and error correcting circuitry described in paragraph 3.4,

3.2 3-BIT DPCM ENCODER

The conditioned video signal is compared with the encoder feedback signal
(which represents the previous video sample picture element), and an analog
difference signal is formed. The difference signal is quantized to determine
Its voltage level (one of elight ranges, with four positive and four negative).
The voltage level ranges have a nonlinear characteristic to optimize coder per-
formance. Small difference signals are detected In a narrow band centered
around zero volts to provide good coder performance during slowly changing por=-
tions of the television picture. Large difference signals are detected in

progressively increasing voltage ranges to allow the coder to track fast
changing edges of the television picture.

The output of the quantizer is assigned a digital code word by the coder.
Three bits are sufficlent to describe the eight possible levels ot difference
signal generated by the level detectors of the quantizer. The digital code
word Is output from the encoder by the line-driving circuitry of the output
buffer register. The digital output code words also are provided in a suitable
format (sign plus magnitude) to the digital adder in the DPCM encoder feed-
back loop. The digital adder circuitry adds or subtracts the digitized
difference signal to the previous picture sample, which is stored in the
8-bit accumulator storage register, generating a new picture sample that is
restored in the accumulator storage register. This new picture sample is
converted back into an analog voltage by the D/A converter. The output of

the D/A converter is then ready to be compared against the video input signal
to generate the next difterence signal.

22
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The DPCM encoder steps along as described above and generates samples of
the input video signal every 100 nsec. The feedback element of the DPCM
encoder provides a servomechanism action that forces the output of the D/A

converter to track the input video signal. A duplicate feedback element in a
recelver DPCM decoder a!so tracks the Input video signal.

3.3 3-BIT DPCM DECODER

As stated above, the DPCM decoder Is implemented as the duplicate of the
teedback element utilized in the DPCM encoder section. The 3-bit diglital signal
transmitted by the encoder is received in an Input buffer reqgister. The output
of the buffer register is changed to sign-plus-magnitude digital format. The
adder clrcultry adds or subtracts this digital difference signal to the con-
tents of the accumulator storage register so that the accumulator contents can
track the Input video signal identical to the encoder accumulator. The content
of the accumulator storage register Is converted back to an analog vldeo
signal by the D/A converter. The output of the D/A converter is filtered to
smooth the piecewise |inear D/A waveform, and an output driver amplifier is
used to ac-couple the reconstructed video waveform out of the system and to
match the Impedance of the video monitor used to view the television pictures.

3.4 RESET CODE GENERATOR

The function of the reset code generator is to correct the error effects
that might possibly acrue due to random circuit mal functions or digital trans-
mission errors occurring between the encoder (transmitter) and decoder
(receiver) sections of the system. Since the digital signal transmitted
represents successive difference signals, it is important that both the
encoder and decoder sections maintain an absolute reference level so that the
difference signals will accumulate relative to a stable base value. The

digital implementation of the system provides a simple method to achieve this
error correction function.

The video input signal contalins sync pulses occurring once every horizontal
line of the television picture. The tips of the sync pulses are the most nega-
tive value of the input video waveform, and during these sync pulses the tele-
vision plcture is blacked out to allow the cathode ray of the picture monitor
to fly back across the screen to begin a new horizontal television line.

Since the video tips represent the most negative signal value achieved,
it is convenient fo represent this signal value with all O's in the accumulator
storage register (that 1s; a completely depleted accumulator). This provides
two benefits: (1) it allows the maximum use of the dynamic range of the accu-
mulator, and (2) |t provides the necessary drift-free, absolute reference level.
Since there is no picture information during the sync pulse period and the
accumulator contains all O's during the sync pulse period, the sync pulses are
detected by the video signal conditioner, and the reset code generator uses

this information to override the encoder accumulator register and force the
contents to the all-0 state.




Resetting the encoder accumutator ensures that the DPCM encoder loop Is
automatically realignec at the beginning of each horizontal television line, b
but it is also recessary to ensure that the DPCM decoder accumulator is 4
reset simultaneously. To achieve this, the reset code generator simply over-
rides the contents of the encoder output buffer register and causes an out-
put code word to be transmitted that represents a maximum, negative difference
signal. This code word Is transmitted for enough output periods to ensure that
the DPCM decoder accumulator register Is completely depleted. The decoder
accumulator now matches the encoder accumulator, and when the reset code

generator output stops, both accumulators are released and continue to track
together. .

In the event that the reset code generator falils to recelve a sync signal
from the video signal conditioner, it contains a free running counter that is
allowed to run and generate an independent reset signal.

3.5 CLOCK AND TIMING GENERATOR

The function of the clock and timing generator is to provide the proper
timing signals to sample the video signal and update the digital logic
circuitry of the encoder/decoder system. The clock is normally derived from
a 60-MHz crystal=-controlled oscillator contained within the system and counted
down by the timing generator to achieve the 10-MHz sampling rate. An external
oscillator Is provided so that the system can be operated at sampling rates
other than 10 MHz. The system clock and timing generator also can be run in a
single step mode to facilitate system setup and troub'eshooting procedures.
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SECTION 1V

BREADBOARD SYSTEM FABRICATION

To verify the predicted performance of the DPCM television coder and the
validity of the circuit design implementation, a breadboard prototype system
was constructed and operated. The breadboard Is self-contained, portable, and
can be operated with elther 60~ or 400-Hz, 115-vac power. The video encoder/
decoder breadboard and power supply unit are shown in Figure 14,

4.1 PACKAGING CONCEPT

Breadboard system configuration and packaging was evolved to meet the
tollowing requirements:

° Easy to build and modify

° Simple to use

' Easy to test and evaluate

] Provide proper electrical environment for the wide bandwidth video

signals and the nanosecond edge speeds of the digital logic.

The video input to the system and the reconstructed video output from
the system are at readily identified BNC-type connectors on the front panel.
Switches are provided to allow selection of the system timing mode. Operation
can be from the internally available clock source or from an externally applied
clock source. Single step clock operation also is provided. The front panel
contains |ight emitting diode (LED) displays that indicate the contents and
overflow conditions of both the encoder and decoder accumulator storage (=adder)
registers, the 3-bit DPCM line code transmitted between encoder and decoder
sections of the system, and the sign plus magnitude code representing the
encoder difference (error) signal. Switches are provided to override the
contents of both the encoder and decoder accumulator storage registers.
Timing signals are provided as outputs at BNC-type connectors to serve as
trigger waveforms for external test equipment. A closeup view of the front
panel controls Is shown in Figure 15.

Conversion of the available ac power source to the dc power required by
the encoder/decoder breadboard Is accomplished using commercially available
open-frame power supplies mounted on a separate chassis. Power is supplied
to the breadboard through an interconnecting power cable to a multi-pin con-
nector at the rear of the breadboard unit.

The internal construction of the breadboard (Figure |6) was designed
to provide simple access to all circuitry. The top cover of the breadboard
slides to the rear, exposing the tnside of the unit. Atl clrcultry ls on four
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Figure 14. Video Encoder/Decoder Breadboard
and Power Supply Unit
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Figure 16. Internal Construction of Video
Encoder/Decoder Breadboard
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boards: 1wo horizontal analog circuit boards at the bottom of the breadboard
chassis and two digital logic boards mounted directly above the analog circuit
= boards. Interconnections between boards utilize flexible flat ribbon cable.
Interconnections to the breadboard front panel also use flexible flat ribbon
cable, except for the video input and output signals that are carried on
microdot miniature coax cable. The digital logic boards are mounted on hinged
posts so that they can be pivoted up to expose the analog circuit boards under-
neath. Signals and waveforms at every component in the system can pe monitored

during system operation, facilitating system investigation, checkout, and
troubleshooting.

4.2 CIRCUIT PARTITIONING

The primary concern during partitioning of the breadboard circuitry was to f
minimize the length of signal wires between components, thus minimizing propaga- :
tion delays and the effects of stray wiring capacitance and inductance that cause 4
impedance mismatches and undesirable ringing on circuit waveforms. The bread-
board was partitioned ‘into two sections: a transmitter section containing the
’ video signal conditioner, DPCM encoder, and reset code generator; and a receiver
; section containing the DPCM decoder and the system timing generator. Each sec-
i tion contains two boards, one for the digital integrated circuits and one for
; the correcponding analog circuitry for that section. Circuit component layout
on the boards is arranged to produce minimum signal flow paths from board input
to output and between critical circuit elements.

The boards for the digital logic are controlled impedance logic panels
specifically designed for emitter-coupled-logic integrated circuits (IC's) in
— 16-pin, dual-in-line packages (DIP's.) The logic panels are produced commer-
cially by Augat, Inc. The boards contain a power vo!tage plane on one side
and a ground plane on the other. Both planes are bussed to the appropriate
pins at each IC socket location, establishing a low-Impedance power distribu-
tion on the board. A third internal voltage plane is available at each socket
location for use as a termination voltage as required. Signal interconnections
are made using standard wire wrap on the back side of the board. All IC's are
plugged directiy into the logic board except for the 24-pin dip package of the
MC10181 arithmetic logic units (adders) and the crystal controlled clock. These

i devices are plugged into small adapter boards that are plugged directly into the
i logic board.

'ﬂ Since the breadboard is designed for easy access to all components, the

' boards are not constrained by chassis-mounted edge guides which would also func-
tion to remove component heat. Instead, individual finned heat sinks are epoxied
to each IC package and heat is removed by convection. Since the heat sinks cover
the component part identification marking, a large code letter is at the end of
each heat sink to identify the fifteen different digital IC's used in the bread-
board. The top and bottom sides of the two Augat boards used in the breadboard
are shown in Figures 17 through 20. Augat board No. 1 contains the digital
logic for the DPCM encoder and reset code generator. Augat board No. 2 contains
i the digital logic for the DPCM decoder and the clock and timing generator.

The boards for the analog circuitry of the breadboard are made using epoxy
glass circuit boards produced commercially by Circuit-Stik, Inc. These boards
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Bottom View, Augat Board Number 2

Figure 20.




have precision-drilled, 0.042-in.-dia holes on a 0.,100-in. grid pattern., The
boards are covered on both sides with copper foil. Circuit patterns are drawn
onto the copper foil, which is then cut and peeled. Large areas of the copper
foil on the boards serve as a ground plane for the circuitry. Sockets are
installed on the boards to facilitate IC installation and removal. Discrete
resistors and capacitors are soldered directly to swaged-in terminals, and
signal interconnections are made by the component leads or hardwire. Power

is distributed on the board using Stripline conductors (also available from
Circuit=Stik, Inc.). These conductors use a flat conductive strip with an
insulating backing and are simply pressed into place on the board.

The top and bottom sides of the two analog circuit boards are shown in
Flgures 21 through 24. Analog circult board No. 1 contalns the video signal
conditioner, the 5-MHz filter, error signal summing amplifier, D/A converter,
and level detector reference generator used in the DPCM encoder section of the
breadboard. Analog board No. 2 contains the D/A converter and output filt<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>