SSTV Image Processing

Image enhancement. — a term we've grown accustomed to
with today’s computer processing of photographs from deep

space.

improve recelved SSTV pictures?

By Dr. George R. Steber,” WBALWVI

In visual communications, transmission
and display fidelity play a key role,
Commercial television, for example,
functions adequately only because de-
fects due to quantization andfor trans-
mission are hardly visible. Slow-scan
television (SSTV) on the other hand
functions in spite of problems of
atmospheric noise, interference, multi-
path distortion and in many cases in-
adequate signal strength. The fact that
S8TV iy successful and growing in this
[ess-thanddeal environment is a tribute
to the many dedicated individuals using
this mode of operation. Image guality,
however, is becoming more imporiant,
particularly to those who have used this
maode for more than a short time,
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A slow-scan picture must be broken up into several brightness tevels
for digital processing. The more brightness levels there are, the
more digital cirsuitry is required far the processing. With fewer
brightness ievels, objectional ““cantouring” takes place because of
more abrupt changes in the gray-scale presentation. Noise dithering

image processing has the potential for
improving the guality of SSTV pictures.
With the advent of the digital scan
converter for SSTV,! many of the
techniques of image processing may be

_directly applied to the design of display

systems, signal processors, and encoders
for 'slow scan. Computer picture-
processing techniques are relatively new,
having been employed routinely in the
space program ordy since 1964 when
Ranger 7’s moon pictures were pro-
cessed by a computer to correct for
image distortion in the on-hoard tele-
vision camera. Such techniques are by
no means limited to space applications,
however, and have been successtully
applied to the bio-medical, astronomical
and radiographic fields.

What exactly is image processing?

! References appear on page (6.

How about using some of those techniques to

Simply stated it is the process of en-
coding, restoring, andfor enhancing
images, (For the reader wishing a more
detailed treatment of this subject than is
presented here, reference is made to two
special issues of the [nstirute of Eleciri-
cal and  Klectronics FEngineers
Journals® * which cover the subject in
depth.)

Fneoding iz used primarily when
converting a conventionally scanned
image into another form for purposes of
efficient transmission. Normally pic-
tures are sent over a channel occupying
a bandwidth greatly in excess of that
actually required. This ovccurs because
most pictures contain great amounts of
redundancy -- much of which is irrele-
vant to the viewer. (Prime examples of
this are 88TV keyboard-generated
pictures which require eight seconds of
transmission time to supply only a few

is one means of smoothing out the effects of contouring, as shown
here, At the ieft is a 128 by 128 picture-element slow-scan picture
with 18 brightness levels. At the right is the same picture except for
the addition of pseudo-random noise,
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Fig, 1 — Generalized block diagram of a slow-scan to fast-scan converier. Control signals de-
rived from the incoming siow-scan video are usad far switching the multiplexer and entering
the video into the main video refresh memory. A conventional television set is used for display

purposes.

alpha-numeric characters of informa-
tion.) However, because of the complex
equipment needed there has been little
encoding for purposes of efficient trans-
mission, uniil recently. integrated cir-
cuits have remedied the problem. An-
other application of encoding would be
in reducing memory requirements in
digital computer processors or in the
refresh memory of a digital scan con-
verter. Many different codes are used
for images, and their efficiency (data-
compression capability) varies from 6
bits per picture element to 0.5 bit per
picture element. Tvpical of these are
pulse-code modulation (PCM), run-
length coding, differential PCM, delia
modulation, and transform coding. Each
has advantages and disadvaniapes under
a given set of conditions.

Restoration of images is usually
accomplished by reversing the effect of
same degradation phenomenon known
to have caused the distortion in the
original process of forming the image.
Examples of such distortion wonld be
atmospheric eftects, lens aberrations,
and motion blur. The process of restora-
tion is very complicated requiring de-
tailed knowledge of the distortion und
an accurate mathematical model. Mosi
of these techniques are still in the very
advanced development stage requiring
large computers and memories.

Enhancement c¢an generally be de-
scribed as the manipulating of images to
improve the apparent quality of the
picture a8 seen by the viewer. These
techniques include signal compression,
pre-emphasis, noise averaging, and digi-
fal filtering. Commercial and scientific
television systems use quite a few of
these methods. In this connection,
psychophysical aspects of vision percep-
tion must be carefully considered hefore
a useful tmage display is designed since,
after ail, the uwltimate receiver of the
processed picture is the humar..

It is the purpose of this article to
discuss several of the above techniques
as they have been applied (o a proto-
type image processur developed es-
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pecially for SSTV. The discussion will
include a review of scan-converter
operation, specialized image-processing
techniques, and suggestions for future
contributions in this area. Some cireuit
diagrams will be provided for advanced
amateurs wishing to experiment with
these concepts.

Scan Converters

The function of a slow- to fastscan
converter is to increase the scanning rate
of # slow-scan signal so that it can be
viewed on # conventional television dis-
play, As shown in Fig. 1, this is accom-
plished by employing a line butfer,
video refresh memory, and a mualdi-
plexer, together with appropriate con-
trol signals. The scan conversion occurs
in the line buffer which accepts an
SS8TY fhne at the normal rate and
delivers it to the refresh memory. As
each new line of slow scan is received it
is inserted in the memory until eventual-
ly a complete image is stored. The video
refresh memory has both slow- and
fast-scan capability aud can be read out
at fast-scan rates directly to a regular
television set. Although there are minor
variations on this idea, depending on the
device used for the video memory, this
is roughiy the concept of slow- to
fastscan conversion. Typical 1efresh
memories utilize storage tubes, magnetic
disks, CCD {charge-coupled display)
wegisters, or a semiconductor memoaory,
Of all of these, the semiconductor
memory appears best-suited for use in a
processar because of ecase of access,
excellent speed characteristics, and non-
decaying information-retention capabili-
ty. A digital scan converter such as
described in a previous (ST article!
forms un ideal unit for an image pro-
cessor, [t is this device which will be
used us the basis for much of the
discussion to follow,

There are several image-processing
techniques that can be used to improve
the viewed image which is generated by
the digital gcan converter. We will re-
strict cur discussion tp three concepts

that have been wuniplemented on a digital
scan converter and which are known ta
produce good results, They are pseudo-
random dither circuits, video compres-
sion und expansion techmiques, and
picture-frame averaging. Many other
techniques also exist for image pro-
cessing and the field is wide upen to
experimentation by the advanced ama-
teur. Later on in the article some
suggestions will be made concerning
possible future contdbutions by ama-
teurs to this field.

Pseudo-Random Dither

In order to pertorm digital scan
conversion it 15 necessary o digitally
encode the intensity (brighiness} of
each point in the picture as a binary
code, For gond picture guality it has
heen established that at least 64 bright.
ness levels {6 «igital bits) per picture
element (pixel) are necessary, since the
eye is very sensttive to small brightness
steps introduced by quantization. if less
than 6 bits are used an objectionable
phenomenon called contouring becumes
apparent to the viewer.

Since a horizontal slow-scan line
consists of 128 pixels and there are
nominally 128 lines per picture, we find
that a slow-scan picture consists of
16,384 pixels. And it is clear that at 6
bits per pixel, the total digital memory
requires 98,304 bits. [f less bits per
pixel could be used and still retain good
picture quality, a substantial savings
could be made in the total number of
bits.

In 1961 Roberts* discovered that
adding noise to a video signal before it
was gquantized and subtracting the same
noise after decoding produced a signifi-
cant reduction in contouring. Subjective
tests by Roberts indicated that good
pictures could be obtained by using
only 3 bits per pixel. [t was also found
that additional improvements could be
obtained in the picture by compressing
the brightness scale before adding the
noise and performing the quantization.
Video compression will be discussed
later in the article.

Noise dithering appears to work be-
cause of the frequency-response charac-
teristics of the eye. The eye can detect
very small changes in intensity if there
are large areas in the picture to com-
pare. A large area of slowly changing
intensity is faitly common and is trans-
tormed into contours by digital quanti-
zation, Contours are annoying and easi- -
ly detected by visual inspection. How-
gver, it the quantization error is broken
up and distributed as noise, 2 human
will not notice it since there are no large
areas to compare. Also the eye is less
sensitive to high spatial frequencies
generated by the pseudo-random noise.

One may take advantage of pseudo-
random noise (dither) in digital scun



conversion to reduce the number of bits
per pixel required. The psendo-random
noise itself can be generated in a wide
variety of ways using analog noise gen-
erators, shift registers, or counters, The
subjective effect of using different noise
generators can be significant and much
research has been devoted to this prob-
lemn in recent years,

A simple dither circuit that works
fairly well is shown in Fig. 2A, with
connections shown for use with the scan
converter of reference.! The cutput of
the 7402 at pin [3 i a square wave of
64 cycles per SSTV line, with a 180-
degree phase reversal occurring at the
end of each line. This has the effect of
superimposing a very low-level checker-
hoard pattern on the analog SSTV signal
before quantization. After quantization,
all of the contours are eifectively re-
placed by individual randomized pixels
of varying brightness which appear more
pleasing to the eye.

Shown at B in Fig. 2 is a high-speed
dither circuit for subtracting un equal
and opposite amount of dither from the
tast-scan output atter decoding. This
sesves to reduce the ms noise in the
picture and smooth the picture even
more. The photographs on page 13
show an actual slow-scan picture that
has been improved by the addition of
dither as discussed here.

Video Companding

One of the psychovisual aspects of

human vision that can be effectively
utilized in scan conversion is the ap-
parent fncreased sensitivity of the eye to
low brightness areas. Tests on the eye
have indicated s logarithunic brightness
sensitivity, rather than a linear one.
Consequently, if the quantization errors

could be shifted to the bright areas of
the picture rather than the dark areas,
subjective picture improvement should
result, This can be accomplished if the
brightness scale s made nonlinear so
that most of the quantization levels
occur in the dark areas, thus reducing
the errors in the dark areas and in-
creasing the errors in the bright ones.
This process is called video compression
and may be performed in the analog
domain with a suitable nonlinear ampli-
fier.

In order for the displayed picture to
have . the game gray scale as the original
picture an expansion of the brightness
scale should be performed after de-
coding. This may be done in several
ways using analog devices. However, a
particularly attractive method uses. the
expansion characteristics of certain
phosphors found in commercial CRTs.
Fig. 3 indicates a typical compression
curve that one might utilize. Notice that
the expansion curve would be the in-
verse of the compression curve, to com-
pensate for the original brightness com-
pression.

Frame Averaging

If a signal is sent repetitively in the
presence of random noise with zero
mean, the original signal can be re-
covered by averaging the combined sig-
nal and noise over several periods. The
noise will tend to cancel out since it is
uncorrelated, but the signal should re-
main gnd increase in strength. A memo-
ry is generally required to perform
averaging of this type.

If we think of an SSTV picture as a
signal that repeats itself every eight
seconds it should be possible to perform
frame averaging in much the same way
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Fig. 2 — At A, schematic diagram of input dither circuit and at B, an output circiit for use
with the WB9LVI scan converter. US7? stupplies dither ta the incoming slow scan and USS
subtracts a synchronized high-speed dither from the fast-scan video as discussed in the

taxt. Vartical and harizontal multivibrator and summing resistor connections shown here are
to be made to the circuit shown on page 36 of QST for May, 1976, Other connections are

to related circuit diagrams in that issue,
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Fig. 3 =- Comprassion curve for video com-
panding. For best perfermance the inverse
CRT characteristic should match the com-
pression curve. This curve will depend

to some extent on the settings of the bright-
ness and contrast controls of the monitor.

as discussed above. A digital scan con-
verter can be very simply modified to
provide frame averaging capability over
two frames. The circuitry required is
shown in Fig. 4 and {s for the most part
selt-explanatory. To give an indication
of the performance of an SSTV frame-
averaging circuit the following test was
performed.

A standard SSTV signal was added
to an analog noise generator to obtain a
combined signal with a signal-to-noise
ratio ol about one to one. The resulting
noisy signal was fed to the digital scan
converter and averaged over two frames.
The resuits are shown in Fig. 5. As may
be seen, the frame-uveraging capability
can produce usable pictures under very
poor conditions. Since it is nommal
procedure to transmit SSTV pictures
two or three times, averaging should
prove to be a practical technique. On-
the-air experience indicates that often-
times pictures can be “pulled through”
by averaging when all else fails.

Suggestions for Further Work

As mentioned at the vutset there are
many areas of image processing that can
be applied to SSTV processing. Several
ideas, admittedly some of them “blue
sky,” are listed below.

Removal of electrical noise or multi-
path distortion from SSTV pictures by
processing would be a great step for-
ward. The low frequencies, 75 meters in
particular, are extremely susceptible to
this type of distortion. Perhaps it would
be possible lo model or measure the
degradation phenomenon and remove it
from the picture by reversing the pro-
cess. Hag anyone looked at this prob-
lem? Correlation techniques might also
be considered.

Experimentation with different en-
coding schemes for slow scan might lead
to greater religbility and/or narrower
bandwidths. Digital encoding, possibly
with the use of error-correcting codes,
has the potential for exireme reliability
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Fig, 4 — Block diagrams (A and B} and schematic diagram (C} of the frama-averaging additian
to the WBOLVI scan corverter. 1t requires threw additional integrated circuits and provides true
averaging of slow-scan pictures in real time. At A is shown the original circuit using two multi-
plexers, MUX 1 and MUX 2, to control the input video, At B is a moditied diagram showing
the addition of MUX 3 and a full adder. Showr at C are the actual eircuit changes to the dia-
gram eriginally published aon pages 30 and 31, Q87 for May, 1975, LU8Q, UB1 and LI62 are

added,

and  excellent performance in com-
munications. Much work has already
been done on encoders and perhaps
some of it may be directlv applicable.
Using conditonal replenishment
schemes or pseudo-random scanning, it
may be possible to transmit pseudo-
mofion  pictures over conventional
88TV channels. Strong considerations

must be given to the effects of noise,
OQRM, and circuit complexity in pro-
posing these systems. The experimenter
should not be discouraged, however, as
much work has already been done in
transmitting true television over voice
channels. As the cost of integrated
circuits drops, many of these schemes
may become inore economical,

Color slow-scan television is already
possible between two cuapatible ama-
teurs. Many of the existing techniques
have used photographic film to restore a
full-color jmage from three separate
S8TV frames, cach photopgraphed in a
different primary color. It appears possi-
ble to develop a subcarrier color tele-
vision signal, compatible with existing
siow-scan standards, that could be used
to drive a color slow- to fast-gcan
converter. The output could then be
viewed immediately us it was received,
directly on a color monitor. Also in-
stead of transmitting the threc primary
colors one might consider sending only
the short- and longwavelength records,
as in the Land experiments,” combining
these records electronically to achieve
nearly full color. This would reduce the
handwidth requirements considerably
and still produce rich color pictures.

in conclosion, it may be said that
there ure numercus avenues ot explora-
tion in image processing awaiting the
interested amateur -~ only a few of
which were touched upon here. [t is
hoped that this article will act as a
stimulus and perhaps cause some of you
to take the gauntlet und get active in
this field. If so, the author is satisfied
and looks forward to hearing of yom
coniribution.

The author wishes to thank the
many amateurs who discussed the ideas
contained in this article. As always,
special thanks must wo to my XYL,
Gloria, For her constant inspiration in all
ot my work, =]
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