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DIGITAL LINK FOR MISSILE TELEVISION

James L. Rieger, PE/PTBW
Telemetry Program Office, Code 6406

Naval Weapons Center, China Lake, CA 93555-6001

ABSTRACT

Transmission of a binary signal representing a standard black-and-white television picture
requires several forms of compression to reduce data to bit rates compatible with
available telemetry links and equipment. Commercially-available compression systems are
made for video teleconferencing, and use interframe coding which cannot provide full-
motion display required in many applications. In the full-motion system described here,
some compression is obtained by a conversion process which causes no picture
degradation at all; further compression results in loss of expendable picture
characteristics. A brassboard system for use in television-guided missiles and remotely-
piloted vehicles is built, tested, and demonstrated.

REQUIREMENT

Missiles and aircraft present various types of signals for transmission to ground
observers. A standard NTSC television picture is one of the more troublesome of these
signals, due to its large bandwidth and its decidedly analog nature. Digitization of such a
signal for transmission is desired for several reasons, including the relative ease of routing
and storing the received signal, the robustness of a digital signal, and to introduce
encryption when required. “Typical” digital data links for missile telemetry use
bandwidths between 100 kHz to about 3.3 MHz. An analog NTSC television signal has a
defined bandwidth of 4.2 MHz, which produces an RF bandwidth of at least twice that. A
42-dB signal-to-noise ratio would require 7-bit resolution and a sampling rate of at least
8.4 MHz; thus, a bit rate of 58.8 Mbits/second or a bandwidth of about 60 MHz is
required for direct digital transmission of the television signal. Since this bandwidth is well
in excess of bandwidths found in typical telemetry systems, transmitters, receivers,
recording equipment and other link components are not readily available.

Because an increase in bit rate carries with it a requirement for more bandwidth and/or
power, any high bit rate system necessitates an improvement in noise performance at
receiving stations and/or an increase in transmitter power, both of which have practical 



limits. Compression of the digital signal to provide the best possible signal in the lowest
practicable bit rate is, hence, an attractive alternative.

COMPRESSION METHODS

A standard NTSC signal consists of a signal whose amplitude indicates the brightness of
any point in the picture, interleaved with signals to allow synchronization of the receiver to
the transmitted signal. These synchronization pulses are transmitted as “blacker-than-
black” signals to easily allow analog circuits in the receiver to distinguish them from video
data, and to blank out the video beam as it retraces from right to left and bottom to top of
the screen. These synchronization signals can be thought of as “carriage return” and “top
of form” signals, as would be found in printing. The time duration of these
synchronization and blanking intervals is considerable, reflecting the analog nature of the
television signals and the state of the electronic art in 1941 when the standards were
established. Most of this synchronization overhead can be eliminated in a digital system.
Thus, only the “active” portion of each horizontal scanning line need be sent, and only
those horizontal lines that contain picture information at that. Also, since the normally-
defined 141-step voltage range has video information only between +10 and +100 (a 91-
step range), a reduced gray-scale resolution range is possible. None of these savings
causes a degradation of picture quality when properly reconstructed and displayed on a
standard television monitor. Although 525 lines are present in each complete frame, about
40 of those lines are blanked and represent part of the vertical synchronization signal,
leaving 485 “active” lines. Since the aspect ratio of the picture is 4:3, similar resolution can
be obtained in the horizontal direction with 4/3 x 485 = 647 picture elements, or “pixels.”
And since there are 30 frames per second, this translates to a pixel rate of 9.413... million
pixels/second, or with 6-bit gray-scale resolution, a bit rate of 56.48... Mbits/second. This
digital representation of a “perfect” picture results in very little savings in bit rate, so
additional compression is required.

PICTURE CHARACTERISTICS

Any “real” television signal contains redundancies which might be eliminated in some
form of compression. Individual pixels are very much like the ones immediately above,
below, or to either side; individual frames look much like the one that preceeds or follows.
A standard NTSC frame, moreover, is split into two fields, one containing the odd lines
of a given frame, the other the even. This is done to reduce flicker on the screen that
would result from a 30 Hz scanning rate, much as a movie projector shows each of its 24
frames per second three times. In some solid-state cameras the odd and even fields are
scanned from the same photodiodes and are thus identical, having the effect of cutting
vertical resolution in half. Pictures produced by a missile or aircraft are generally analyzed
one field at a time, rather than one frame at a time, to reduce blur caused by motion. This



also gives a 60-per-second rather than a 30-per-second time resolution. Use of a shutter
that opens only during vertical blanking can eliminate motion blur entirely. The
combination of single-field display and shutters is used in stop-action sports scenes in
commercial television. In sports systems, the missing field in each shot is generated by
interpolation of the one from the recorder.

If vertical resolution is limited to half of normal by use of individual fields for analysis,
horizontal resolution can generally be halved as well. This reduction is such that the
smallest resolved element is a square rather than a rectangle. The missing pixels from a
faster sampling process can then be filled in by interpolation or repetition. The reduction
in bit rate from this decrease in horizontal resolution is substantial, cutting the required bit
rate in half to about 38.25 Mbits/second. Some improvement in apparent vertical
resolution can be produced by interpolation to produce the missing field, but this is
seldom done.

Since the brightness of any pixel is related in some way to the brightness of the pixels
around it, transmitting the difference between the brightness of any pixel and the one
before it can be done differentially without much degradation. Tradeoffs exist between the
maximum brightness difference allowed between pixels and the number of steps of gray-
scale allocated, but differential coding can cut the required number of bits per pixel by
half or more. Depending on the step sizes allowed and the number of steps permitted,
various types of picture degradation result, so such tradeoffs need to be studied with
actual pictures. An adaptive system might adjust resolution as a function of picture “busy-
ness.”

If a combination of neighboring bits is used as the “predictor” instead of the one just
previous, the difference between the prediction and pixel to be sent can be made smaller,
and thus the difference transmitted can be quite accurate with relatively few bits. Use of a
larger prediction kernel adds complexity, so, again, a tradeoff exists. Finally, the
compression of the bitstream resulting from the differential coding can possibly be
compressed further by use of run-length coding and other techniques.

Additional compression can be realized by transmitting frame-to-frame differences (called
“inter-frame coding”). This greatly reduces the amount of information required to be sent,
since succeeding frames may be identical or differ only in perspective or framing.
Unfortunately, the delay introduced in any device which stores at least one frame and
compares a “new” frame to an “old” one can be quite significant--in some systems as
much as a quarter of a second--and, worse, the delay may not be constant. Worse yet, the
most difficult portions of the picture to handle--and thus those most distorted by the
process--are the motion products where the most interesting data are. If the picture is
emanating from a television-guided bomb, for example, transmission will end abruptly



when the bomb hits its target or the ground, and the last few fields--the ones of greatest
interest--will be lost forever.

Another practical consideration limiting the amount of compression attainable is size.
While no particular constraint exists at the receiving end, the encoder is ideally small to
allow placing it into an aircraft or missile where space (and power and weight, for that
matter) is at a premium. The memory capacity required to hold even a single frame and
operate at the required bit rates makes such design impractical, at least for the present.

BRASSBOARD SYSTEM

A specification describing the desired system was issued and proposals were received
from four bidders. The winning bidder, Delta Information Systems of Horsham,
Pennsylvania, proposed a system which uses 3-bit differential coding and a negotiable
prediction kernel. The bitstream thus generated is then fed into an entropy coder to further
decrease the bit rate. The output bit rate from the entropy coder is variable, so a first-in,
first-out (FIFO) register is used to produce a constant output rate to the transmitter. The
FIFO causes a transmission delay of one field, regardless of its fullness, although other
delay times are possible. If the buffer is in danger of overflowing, it signals the encoder,
which can decrease the buffer’s input bit rate by reducing the grayscale resolution
between pixels, reducing the horizontal sampling rate (i.e., turning the square pixels into
wider rectangles), or averaging two or more lines (making the pixels taller). The normal
and fallback modes for the various output bit rates are shown in the table below. The
Delta system operates at output bit rates of 5, 10, 20, and 40 Mbits/second.

TABLE 1. Modes of operation.

Nominal bit rate, resolution Lines horizontal bits/pixel
Mbits/second pixels/line Image complexity subsampled, %

Horizontal DPCM coding precision,

40 900 Any 0 3

20 640 More complex 0 3
Typical 0 3

Worst case 50 3

10 640 More complex 100 3
Typical 60 3

Worst case 100 2

5 320 More complex 100 3
Typical 60 3

Worst case 100 2



Resolution of the Delta system varies with the output bit rate as well as with buffer status.
When the buffer is not in danger of overflowing, the resolution for a single field is never
less than 160 pixels per line; future systems will increase this minimum to 240 pixels per
line.

The Delta codec overcomes transmission errors by transmitting a line completely (i.e., not
differentially coded) every few lines. Sync information at the top of the picture can also
re-establish a noisy link. This is important since some systems transmit digital data at the
top of the picture, not unlike closed-caption, videotex or test signal transmission in
commercial TV. These data transmissions make the lines they occupy “busy” with lots of
transitions, but occupy only two brightness levels and thus do not severely overtax the
system.

The Delta decoder also senses when a horizontal line, as received, contains probable
errors. When such a line is detected, the last good line is repeated until an error-free line is
received. The pictures resulting from this drop-out compensator are thus improved over
what would have resulted from providing no correction.

REPRESENTATIVE SCENES

Normal television scenes from a missile or aircraft are relatively uncluttered, much in the
same way a printed page (even with pictures on it) is mostly white. Such a picture does
not overwhelm the Delta codec even at the low output bit rate. When the buffer status
indicates that the picture contains aspects which may cause the encoder to overload, the
system falls back to a lower resolution mode between fields. The highest resolution mode
possible is always selected. A synchronous idle character is used to prevent FIFO
underflow.

Figures 1-7 show representative scenes as originally generated and as rendered by the
codec at 5, 10, and 20 Mbits/second. The pictures were produced by still-framing
videotapes from various sources and electronically converting the input and output
pictures to print without the use of photography. Use of single frames or fields is entirely
representative of the effects produced by moving pictures, since each field is processed
separately; the still-framing is a requirement for the picture printer used. The effects of
overly “busy” scenes are apparent, obviously most evident at the lowest bit rates. When
the buffer in the encoder is in danger of overflowing, the encoder-compressor takes larger
jumps in gray-scale between pixels, reduces the number of pixels per line, and averages
two adjacent lines in the next field to decrease the amount of data transmitted. Generally,
this will in general occur within a picture rather than at the start, with the results as shown.
The actual system wil use interpolation to produce the 5 Mbit/second pictures and with
greater resolution (240 versus 160 pixels/line).



WHAT HAPPENS NEXT?

The system, as demonstrated, is practical and functional, but one or more iterations on
making the encoder-compressor smaller is required. A specification completely describing
the algorithms and protocols used in this system will be issued to allow competitive
procurement of both system components. Specifications for telemetry-type transmitters,
receivers, and bit-synchronizers have been produced and representative hardware is being
tested. Introduction of the system in ground-to-ground systems is expected within a year
and in airborne systems within two.

A system to encode a color (RGB, RGBY, or NTSC composite) picture for display on
an NTSC color monitor is planned for next year. The color system will take advantage of
the eye’s relatively poorer color resolution, not only in the horizontal direction as the
NTSC system does, but also in the vertical. A system for digitizing and compressing the
wideband signals produced in radar. receivers is also planned.

FIGURE 1. Equipment panel, full bandwidth



FIGURE 2. Equipment panel, 10 Mbits/second.

FIGURE 3. Equipment panel, 5 Mbits/second



FIGURE 4. Sherri Gattis, full bandwidth.

FIGURE 5. Sherri Gattis, 20 Mbits/second.



FIGURE 6. Sherri Gattis, 10 Mbits/second

FIGURE 7. Sherri Gattis, 5 Mbits/second, 160 pixels/line, no interpolation.


