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Summary    This paper describes the implementation of a data compression system for
the real time operational transmission of advanced technology satellite (ATS) pictures
between the command and data acquisition (CDA) station located at Wallops Island,
Virginia and the National Environmental Satellite Service (NESS) at Suitland, Maryland
over broadband microwave links. The system features the use of general purpose
minicomputers for encoding and decoding which makes it possible to easily vary the data
compression technique in use and to make simultaneous statistical calculations on the
data. Special interfaces to the pre-existing equipment have been designed to insure
efficient use of the parallel structure of the computers. Data compression and expansion
is done in a way that results in no lowering of data quality.

Introduction    In many applications technology has created the ability to generate ever
increasing amounts of data. With the generation of this data comes the increased cost of
transmission in proportion to the greater channel capacity required. Data compression is
a highly promising technique which can be applied to reduce the increased capacity
requirements through more efficient coding of source data. Such techniques have been
studied for the last ten or fifteen years but as yet have had little impact on actual
operational situations due, at least in part, to the increased hardware complexity, lack of
appreciation by operational people, and reluctance on the part of users to allow their data
to be subjected to any more manipulation than is absolutely necessary. The time has
come, however, where the economics necessitate the acceptance of data compression.
This paper describes one important application to an operational situation.

In recent years the ability has been created to generate large quantities of earth-
observational data and to apply sophisticated processing to that data for many purposes.
Principal among these are meteorological observations for the many aspects of weather
prediction and their obvious economic benefits. The use of satellites to acquire images of
the earth on an operational basis has dramatically increased the amount of data involved



in weather prediction. These data are transmitted from various CDA stations to a central
location for computer processing. No processing capability exists at the CDA stations.
The particular link used for the data compression setup described in this paper is
between the CDA station at Wallops Island, Virginia and NESS at Suitland, Maryland.

The trend of future developments in this area is clear. Both the quantity and quality of
this data will increase. The imminent development of the Synchronous Meteorological
Satellite (SMS) will involve much more frequent and higher resolution data than is now
possible, Thus, it is apparent that the channel capacity needed to transmit the data will
also increase in a commensurate fashion.

With these high data rates, data compression provides a method for significant economic
savings in transmission costs. Basically, data compression in this application is based on
the fact that data from TV pictures of the earth have a significant amount of redundancy
from one resolution element to the next. Nevertheless, since it is not known, a priori,
where the redundancy will exist within the picture, the data transmission system without
data compression is generally designed as if no redundancy exists. In effect the system
transmits each resolution element independently. Data compression techniques involve
the processing of the picture data to remove redundancy prior to transmission so that a
reduced quantity of data is transmitted. Upon reception, processing reinserts the
redundancy to reporduce the original image.

Because of the potentiality of data compression, a feasibility study was initiated by the
University of Southern California in coordination with and under contract to NASA
Goddard Spaceflight Center with the cooperation of NESS. Theoretical studies
complemented by empirical studies based on taped digital data verified that data
compression could be applied at a significant economic savings to ATS video data. A
more detailed description of the data, and the equipment and compression techniques
developed are described in the succeeding sections.

Description of the Data Source    The data source for this application is either ATS 1 or
3. The ATS image line rate is determined by the spin rate of the spacecraft, nominally
600 milliseconds. The data processed is from the ATS spin scan camera which sweeps
one image line per revolution. A full earth image takes about 20 minutes. Since the ATS
1 and 3 spacecraft are in synchronous orbit, the earth subtends an angle of 18 degrees or
1/20 of a revolution. The video data comes from a photomultiplier tube in the spin scan
camera which sees, then, the earth for only 30 msec. per scan line. The data is
transmitted in analog form to the CDA station where it is digitized for transmission to
the central processing location. A special synchronizing circuit provides a pulse to
indicate when the A/D converter should begin to operate for the 30 msec. of useful data
for each 600 msec. period.



The sampling rate and digital resolution depends upon the user requirements and the
transmission capability. Nominal characteristics are 4096 samples per line with 6 bits of
resolution.

Data Compression Objective    The goal set for the data compression system is to attain
a minimum reduction in transmission rate (compression ratio) of two to one with six bits
per sample resolution and no error or eight bits per sample resolution with a maximum of
one quantization level error. The data compression system in this paper is capable of
meeting these goals.

Data Compression Technique    The data compression algorithm can be varied within
wide limits because the encoding and decoding is done by general purpose computers
which can be programmed to use whatever algorithm the user desires. The essential
limitation is the computational time available since this is a real time application. From
statistical studies the following algorithm was found to be effective and meet the design
goals. The algorithm forms the successive sample-to-sample differences and encodes the
differences up to some maximum magnitude using a variable length code. When the
difference exceeds the maximum magnitude, the sample value itself is sent with an
appropriate prefix to distinguish this from a difference code word. The code words are
chosen by using the Shannon-Fano encoding procedure with empirical frequencies for
the relative probabilities. In particular, zero difference is encoded by a single “one” bit.

The above procedure was found to result in a code whose efficiency is greater than 90%.
The codes are characterized by leading zeros, the exact number of which determines each
code word’s length. This can be used to simplify the decoding as is discussed
subsequently.

When redundancy is removed, the data quality becomes more sensitive to channel errors.
To combat this effect controlled redundancy is added in the form of synchronization
words. In addition to the usual line synch, data synch words are periodically inserted in
the encoded data after each fixed number of encoded samples. Following
synchronization the actual sample value is sent rather than the sample difference to
eliminate any built up error.

Because variable length encoding is used for transmission over a fixed rate channel, a
buffer must be provided to hold the encoded data prior to transmission.

Data Compression Equipment Configuration    Figure 1 is a block diagram of the
implemented system which should be referred to in connection with the following
discussion.



The CDA station at Wallops Island has the following data compression system elements:

1. An analog-to-digital converter connected to the pre-existing equipment just prior
to analog-to-digital conversion.

2. A core memory input cycle stealing channel to interface the A/D, using the
existing line and frame synch information to an:

3. Interdata model 4 computer with 16K (8 bit) bytes of core memory,

4. An ASR 33 teletype,

5. A 2. 5 megabyte disc storage device,

6. A 9 track digital tape drive,

7. A transmission channel interface with a core memory output cycle stealing
channel.

8. Test circuits to allow maintenance checks to be made under simulated operational
conditions.

Items 5 or 6 may transfer data in blocks which are mutually exclusive with each block
transfer initiated by the CPU. Items 1, 7 and the 5/6 pair may transfer data
simultaneously by cycle stealing memory accesses from the computer central processing
unit (CPU).

All coding operations including the insertion of synchronization words are done in
software. For completeness the programming library includes the capability of operating
in a “straight through” mode, i. e. , the data is 6 bit gray coded with every other 6 bit
word inverted as was done in the pre-existing equipment.

The magnetic tape device is not an operational requirement but is used for studies of
recorded data. The same is true of the magnetic tape at Suitland, described subsequently.

The NESS processing station at Suitland has the following compression system
elements:

1. Input to core memory cycle stealing channel connected to the existing receiver
which:

(a) accepts serial data and data clock from the receiver output at Suitland.



(b) examines the data serially for a line synch word of 32 bits.
(c) examines serial data for a data synch word of length 16 bits.
(d) compares the Hamming distance between data and the synch words of b and c

to a threshold for b and for c. A Hamming distance which is below the
threshold indicates when a synch word has been found.

(e) has a 16 bit counter to indicate the time a synch word is found. This time of
occurrence counter is advanced by the serial data bit clock.

(f) has a decoder to recognize the variable prefix of zeros as described previously
and places the decoded prefix length in core memory along with the remaining
data bits. This is done to take advantage of the CPU parallel processing
capability. However,

(i) the hardware decoder need not be used so that the data is placed into
core memory unaltered at the programmer’s option. In addition,

(ii) if used, the hardware decoder is forced to accept the first bit of a prefix
following each data synch word.

(iii) a code word consisting of a single bit (denoting zero sample-to-sample
change) is handled differently than other code words. A run length not
exceeding 256 is stored in core memory to conserve buffer storage and
CPU processing time.

The input channel is interfaced with an:

2. Interdata model 4 computer with 16K bytes of memory.
3. An ASR 33 teletype.
4. A 2. 5 megabyte disc buffer device.
5. A 9 track digital tape drive.
6. A serial data output core memory cycle stealing channel which has:

(a) a test mode which shifts out serially each byte from core,
(b) a standard output mode for the Suitland equipment which converts each eight

bit byte to a six bit word, converts each 6 bit word from binary to gray code,
and complements every other 6 bit gray code word before serially shifting the
data to the Suitland video input.

(c) the possibility of stopping the shifting out of data for a variable number of bit
times at the end of each video image line.

The magnetic tape drive or the disc transfer data in blocks of bytes by cycle stealing from
the CPU. However both units cannot operate simultaneously. The serial input and output
channels can operate through a daisy chain priority with the tape or disc at the same time
by cycle stealing from the CPU.



Refer to the block diagram to see that the data compression equipment can be switched
out of the system at Wallops Island and the data expansion system likewise at Suitland.
This is necessary to insure that important storm data is not lost in the event of a
compression system equipment breakdown. The data compression system can operate
without compressing to provide a backup for the pre-existing equipment and to allow
testing the data compression equipment and techniques.

Data Compression System Operation    At Wallops Island the compression equipment
waits for a beginning of image frame pulse to start operations. The operator can enter the
number of lines to be processed, the number of samples to be taken per line, the
transmission channel serial bit rate, and logging information such as satellite, day of the
year, etc. from the teletype. When the frame synch pulse is received each line is sampled
nominally 4096 times to 8 bits of resolution. The video data is stored in core and the
compression algorithm is started. Each image line is compressed within 300 msec. using
the current algorithm and put on the disc for buffering. An algorithm is used to determine
when to start moving the buffered data from the disc back to core memory and on out
over the output channel. Once all the image data has been processed by the input A/D
channel in the Wallops compression system the channel is shut down until the next frame
start is given. The output channel continues to deliver data from the disc buffer till the
image has been completely transmitted.

The data compression experiment equipment located at Suitland, Maryland, is
programmed to continuously scan the serial input data stream for both a 32 and a 16 bit
synch word. The first 32 bit synch is used as a frame synch and is followed by a second
32 bit line synch word. Then the data arrives. Every N compressed image samples a 16
bit data synch word is sent to insure that word sync is maintained on the variable length
code words. The size of N depends on the error rate of the phone line communication
link. An algorithm is used to determine the best N at Suitland by monitering the error
rate found in the known synch words. The code data is partially decoded by hardware. A
software algorithm completes the data reconstruction using the CPU and places the data
on the disc buffer. An additional software algorithm keeps track of the buffer load and
indicates, when appropriate, the transfer of data from the disc buffer to the Suitland
serial image data input. This process continues until the appropriate number of image
lines have been received, whereupon the input reconstruction channel stops placing data
in core memory to be processed. The disc buffer still contains some image data to be
spooled off to the Suitland image data input, and this operation on the output channel is
continued till the disc buffer is empty.

Operating System Consideration    It is necessary to store enough data in the Wallops
Island buffer before initiating transmission to avoid underflow but not so much as to
cause overflow. It is also undesirable to wait too long before transmitting the data to
Suitland since the data is desired in near real time to permit tornado storm warnings to be



issued. At the Suitland end the buffer problems are similar to those at Wallops Island and
again one could delay the data to the user. An additional consideration is that enough
time must be left between images to permit the data users to set up their equipment for
the start of each image.

Conclusion    A real time data compression capability is fast becoming a necessity in
many operational situations. This paper describes one highly flexible data compression
system for an important application which halves the transmission rate requirement with
no loss in data quality.

Figure 1. Data Compression System.


