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RUGGEDIZED TELEVISION COMPRESSION EQUIPMENT
FOR TEST RANGE SYSTEMS

Sherri L. Gattis
Code 642A

Naval Weapons Center
China Lake, CA 93555

ABSTRACT

The Wideband Data Protection Program was necessitated from the need to develop
digitized, compressed video to enable encryption.

BACKGROUND

In 1980 the Office of the Secretary of Defense released memorandums requiring all
Department of Defense and Navy activities to protect weapons systems by encrypting data
during all test and evaluation programs. There is existing technology to protect telemetry
data and voice communications. However, the area of video protection is very limited.

A poll was taken of the tri-servicc community addressing the requirements for the
protection of wide bandwidth data. It was determined that there were three basic areas of
wideband video: missile/aircraft, metric, and surveillance.

At the time of the survey comments and inputs as to useful data rates were solicited. None
were received, thereby causing NWC to determine the data rates desired. In as much as
the program was being undertaken by the Telemetry Program Office, 5, 10, 20 and 40
Mbps were chosen because of telemetry interests. These data rates can be whatever the
user desires, from below 9600 to over 70 Mbps. All the user need do is specify.

REQUIREMENTS

Requirements for a video protection program had to be identified and defined. Through
research and survey these requirements were determined to be:

a.  To produce a video compression system which would accept and produce a standard
Electronic Industries Association RS-170/National Television System Committee (NTSC)
television video signal.



b.  To convert the video signal to a single binary serial (NRZ) non-return to zero bitstream
for transmission through any digital channel.

c.  To have the desired system adaptive in the sense that veritical and horizontal resolution,
as well as grayscale and perhaps field rate resolution be a function of picture complexity.

d.  Since the maximum bit rate is limited by channel capacity, no variable bit rates would
be acceptable, but a synchronous idle signal would be allowed for full system resolution
with even the simplest pictures.

e.  For the applications in missile/aircraft and metrics, motional blur is not acceptable, so
inter-frame dependency is not allowed.

f.  The system was not required to “drop” frames or fields. (This is an NWC requirement
that will be discussed later.)

g.  The digitizer in all cases must provide the data and a 0E clock signal at 75 ohms
impedance and at TTL levels to the encryptor transmission channel.

h.  At the receiving end the signal would be converted to a standard NTSC picture for
display and/or recording on standard, unmodified NTSC equipment, or recorded in digital
format either encrypted or decrypted, when and if a digital recorder was desired.

i.  All systems decribed were to operate in black and white (monochrome) only, with a
possible “compatible” color extension.

DEVELOPMENT OF A SYSTEM

Once the requirements had been identified, a Statement of Work was written. Five
proposals were received and a contract was awarded to Delta Information Systems, Inc.
(DIS), of Horsham, PA. DIS developed a brassboard system (see Figure 1) that could
operate at 5, 10, 20 and 40 Mbps that was delivered to NWC in August of 1986. Tests
were performed in a variety of areas to determine the versatility of the system for the many
intended uses. This system was designed and developed to comply with protection/
encryption of video data. Much care and thought has gone into interfacing with other types
of video systems, even though this was not the original charter of the program. RCC 209-
88 which NWC, in particular, James Rieger, wrote for the Range Commanders Council
Telecommunications Group (RCC TCG) specifies interface capabilities.



The 40 Mpbs feature of the DIS system has been discontinued for NWC telemetry uses,
but the capability is still in existence for anyone who would care to specify it in their
procurement. At 44.736 Mb/s a black and white picture for superior to standard NTSC can
be produced.

Bit rate selection depends on what channel capabilty is available, what picture quality is
desired, and what use is to be made of the picture. Above a certain bit rate (70 Mbps) no
further picture quality will be apparent without some compatible extensions to the
grayscale choices. However, the picture produced at 44.736 Mbps with a quadraphonic
hi-fi soundtrack and color is well beyond the current capability to display, record, or
produce.

The Wideband Data (WBD) development has been a three phase program. Phase I was the
feasability/engineering model. In this phase it was determined through a brassboard
demonstration that video compression/expansion could be achieved with the requirements
specified.

Phase II was the development/prototype stage. The brassboard was taken two steps
further, 1) to a ground station capable of transmitting and receiving up to 20 Mbps of data,
2) to a vehicular model, 40 cubic inches in size, and capable of 5/10 Mbps transmission,
with reception at the ground station. Phase II enabled the writing of specifications for
procurement of compressor/expandors to a users needs. The specification calls out five
different model/types of compressors; Type I, rack-mount unit; Type II, 40 cubic inch with
connectors; Type III, 12 cubic inch with connectors; Type IV, tar-block with pins and
headers; and Type V, hybrid package (see Figures 2 & 3). The decoder specification is
compatible with all types. The specification has also been expanded into RCC 209-88
Standard for Digital Transmission of Television Images.

Phase III is the development of a 12 cubic inch compressor to be delivered in FY 89.
Phase III is also to verify that systems can be built to and compatibile with the NWC
specifications 2421 (Encoder, Digital Video) and 2422 (Decoder, Digital Video).

FEATURES

As the program progressed it became evident that the ability to drop fields or frames could
have some useful applications. Since the bandwidth is so limiting in the Major Range Test
Facility Bases (MRTFB), it is possible to process the video at the 10 Mbps rate, transmit
every other frame, and receive at the 5 Mbps rate as an example. This allows the user to
visibly have the 10 Mbps quality and yet save half the bandwidth. This works well on
aircraft transmissions, but is not acceptable for some missile applications. The system has
two modes; the capability of skipping every other field or frame. every third, fourth, etc.,



down to every sixteenth field or frame; and a variable rate where the encoder transmits the
picture with the full selected horizontal resolution and with entropy coding. This also
allows transmission of a new field or frame whenever the buffer is low enough to handle a
complete new one. This feature could be particularly useful in the teleconferencing
community or for surveillance.

A number of “lines” of data (of fixed or variable length) may be transmitted between
fields. The maximum line length is 1024 bits. Each line sent has a bit rate of up to 61,440
b/s. Multiple lines can be used to increase this rate limited only by the requirements of the
channel. This line length can be varied so that an enternal data buffer can be kept near half
full. Data related to be picture is of fixed length, and may be strobed into the encoder
between fields, when the camera shutter (if on is used) is open. Camera position, sound
and data can be transmitted in this way.

Slowly varying date can be transmitted in the 100+ bits available at a rate of one per line in
the picture on those lines where the “vertical channel” is not otherwise assigned. Vertical
channel data bits are normally accepted in parallel and stobed at the start of the vertical
sweep.

ERROR MANAGEMENT

In some digital TV sources, transmission ends abruptly. To correct errors that are more
than one bit-time in length, data must be transmitted in a different order than generated, to
allow recovery, which introduces delay. The better the error correction technique, the
greater the delay. Any data not sent is lost--so delay should be avoided.

Depending on which data is received incorrectly, missing data will cause a disturbance on
the picture produced by the compressor/expander. The more data is compressed, the more
serious the loss. The WBD development system contains no vertical sync. Therefore, a lost
vertical sync pulse cannot occur. If an error occurs in the transmission of a horizontal line,
it will either be in the horizontal sync character, the next ten bits (which has
synchronization and housekeeping data) or in the fill or data bits that follow. Since the
sync signal is a small portion of the total, isolated errors will rarely be in the sync area but
in the video data, causing the rest of the line after the error to be improperly decoded.
Most objects appearing on the screen are at least two lines tall. Therefore a loss is
unfortunate--not fatal.

Errors occurring in the synchronization header will cause a loss of an entire line and some
picture tearing may be evident. Use of encryption will irritate this condition. The amount
of error mitigation in the decoder can be increased if characteristics of the transmitted
picture are known. Replacing a bad or missing line (or part of one) with the appropriate



portion of the previous line or an average of the previous and succeeding line (called
vertical “interpolation”) can be implemented. However, this may not be appropriate if data
fidelity is more important than cosmetics. Recovery algorithms are not part of the WBD
development system but these provisions could be included if the user so desired.

If data correction is implemented, it would almost certainly be after encryption. If error
correction were implemented before encryption, very little error correction would be
possible. NWC is not aware of any such systems in use at this time.

LIMITATIONS

Limitations currently exist at various MRTFB ranges which precludes the use of the full
capabilities of the WBD compressor/expander. NWC has a 5 Mb/s telemetry ground
station bandwidth capability. The WBD development system will exceed this. None of the
MRTFB ranges currently has the capacity to transmit and receive over 5 MHz of
bandwidth. There are also problems in that recording of information is limited due to the
low bandwidth digital tape recorders on the market and the lack of standards relating
machines to higher bandwidth capacities. NWC is currently under contract to procure a
digital tape recorder written to a statement of work identifying our needs. It is anticipated
this effort will finalize in a standard enabling range wide compatibility.

EXPANSION/ADDITIONS

While the WBD development system provides a signal which is optimum for certain
purposes, certain extensions or modifications can be made to optimize the transmitted code
for other purposes.

COLOR

Because the response of the eye is lower to color changes than to changes in brightness, it
is possible to greatly restrict the color separation image compared to the black and white
representation of the scene. In the WBD development system, low resolution color
separation signals will be transmitted at the end of each line rather than simultaneously as
it is in NTSC. If the color is derived from and displayed as a three-color signal, it may be
free of some of the artifacts which identify an NTSC-multiplexed signal. Color images
contain three picture-like signals, each a black and white image. When combined through
the appropriate color filters, this produces a picture which resembles the color of the
original scene. The differences between three color separations are considerably smaller
than the differences between three totally different images. The resulting color would be as
acceptable as NTSC encoding.



NWC currently has a Small Business Innovative Research contract with Optivision, Inc.,
of Davis, California. Optivision is implementing the color feature into the WBD
development system. When completed, the color standards will be added to the RCC 209
standard by revision.

ANAGLYPHIC IMAGES

Anaglyphic images are stereo pairs generated from aiming two synchronized cameras,
horizontally spaced a small distance apart. They are then aimed at the same scene in such a
way that objects at “infinity” make identical pictures. Objects that are closer to the
cameras appear displaced in the horizontal direction. The displacement increases as the
objects get closer, hence, displacement is a measure in the third dimension. Either picture
can be used to determine the first two dimensions. Viewing the image is done with a two-
color screen and red and blue glasses; on two side-by-side monitors with a mirror box used
to reduce eye strain; or by alternating the views and using glasses with alternating shutters.
If alternating fields are used in the latter case, the NWC/DIS system may be used with no
degradation. In simultaneous transmission the difference between the two scenes is small
and is the result of horizontal displacement only. Transmitting the difference in the tail
codes permits the entire system resolution to be used on both pictures without significant
overhead. If a requirement is identified, the standards for anaglyphic separation with be
added to RCC 209.

CONCLUSION

The WBD development system has demonstrated the capability of digitizing. compressing
and expanding video enabling encryption. Further study continues to improve product,
integrate upgrades, and address other video protection needs.








