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acsimile (fax} is the oldest of the
F image-transmission technologies, It

evolved early in this century as news-
papers developed the means to print photo-
graphs on a routine basis. With the matura-
tion of radiotelephony, it became possible to
transmit and receive high-quality still im-
ages anywhere i the world, and press orga-
nizations created worldwide communica-
tions networks to ensure that photographs of
major events appeared in newspapers with
minimum delay. Sending a detailed picture
over veics-grade cables or wireless links
requires that the rate of image transmission
be quite slow. Depending on the circuit and
the amount of detail required, transmission
times might range from 3 to 20 minutes or
more. (For more information on fax, see the
sidebar, “Some Fax Basics.™

What Have Amateurs Been Doing With
Fax?
Amateur fax activity has been primarily
&limited to a spin-off of fax, slow-scan televi-
sion (8STV) and reception of weather-satel-
lite images. Until only a few years ago,
weather-satellite enthusiasts typically modi-
fied commerciul fax recorders, or built their
own machines from scratch, The era of
mechanical systems has now faded into
history, Most current weather-satellite
work involves the use of computers and
high-resolution graphics display systems.

A New Standard for
- Ami adio

Experience high;quality fax on
HF, VHF and UHF! Here’s an

IBM PC, AT, PS/2 and PC-compatible corn-
puters equipped with VGA display systetns
are, by far, the most popular.

SSTV is an amateur innovation,
pioneered in 1958 by Copthorne MacDonald
(now VY2CM).! After a period of experi-
mentation, SSTV activity settled on a stan-
dard using 120-line images, transmitted ata
rate of 15 lines/second, for a total of 8
seconds perimage. This method used an FM-
modulated subecarrier, adopting standard fax
frequencies of 1500 Hz for black and
2300 Hz for white. Because SSTV is based
on cathode-ray-tube (CRT) technology, the
fux standard was modified to include the use
of a 1200-Hz subcarrier frequency as a sync
pulse. The vertical sync pulse, to start each
Sframe or image, is a 30-ms interval of the
1200-Hz subcarrier, while each fine is trig-
gered by 4 S-ms horizontal sync pulse.

From Long-Persistence Phosphors . . .

The original SSTV image format was o
trade-ofT between bandwidth considerations
and the available analog-display technology.
A 15-Hz line-transmission rate (about 1920
picture elements/second [or pixels/second|)
is abuut the muximum data-transmissiou rate
suitable for use with HF SSB equipment.

Pictures were displayed on long-persistence
{P7 phosphot) CRTs that would hold a use-

‘Notes appear on page 36.

exciting, simple and

tul image for about 8 seconds. If an image is
transmitted at a rate of 15 lines/second for
8 seconds. the result is an image consisting
of 120 lines, While relatively crude, the re-
sults are guite acceptable for close-up
portrait views {Fig 1) and the short transmis-
sion time means that at least one or two
frames would dodge the QRM if you sent
each picture several times.

. to Digital Memory

The advent of digital scan converters—
where the iimage is stored in digital memory
and displayed on a TV monitor—did away
with the limitations of the P7 CRT. As
memory-chip capacity increased (and prices
dropped), amateurs experimented with 120-
and 128-line color images and 240- and 256-
line higher-resolution monochrome (B&WY
formats. By 1985, with the introduction of
the Robot Research Model 1200C scan con-
verter, 240-line full-color images became the
norm. The 240-line pictures, in B&W or
color, are a tremendous improvement over
the older 120-line standard and approach the
resolution you see when viewing videotapes
(Fig 2). As computer graphics standards
evolved and improved, various microcom-
puters such as the Amiga, and PC com-
patibles with VGA graphics adapters, be-
came more prevalent as SSTV operating
platforms. Even stations using dedicated
scan converters—such  as the Robot
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Table 1

Proposed Standards for the Transmission of 512 < 480 x 16 Imagés

image aspect ratio: 1:1 {square}.
Horizontal line rate: 3.7416 Hz.
Direction of horizontal scan: left to right.
Pixel display/sample rate: 1953.125/s.
Frame scanning lines: 480.

Direction of vertical scan: top to bottom,

Video modulation: audio FM subcarrier; syne, 1200 Hz: biack, 1500 Hz: white, 2300 Hz.

Line synchronization: crystal reference and/or fing-sync triggered; 5.12 ms of 1200-Hz line
syne. followed by 262.144 ms of active video.

Erame start/synchronization: 5 seconds of 244-Hz modulation of the subcarrier between
black and white limits (4 clock cycles of 1500 Hz followed by 4 clock cycles of 2300 Hz,
repeated 1220 timas), followed by 20 phasing lines consisting of 10 clock cyclas of syne
{1200-Hz subcarrier) followed by 512 clock cycles of white {2300-Hz subcarrier). Frame
period: 2 minutes 18.3 seconds (10 saconds for start/phasing plus 480 active image

lings),

1200C—employ computers to store and re-
trieve images, overiay call signs and other-
wise manipulate the pictures,

Why Was Fax Sleeping?

Although S5TV has seen steady growth,
there has been almost no activity in terms of
high-resolution fax work. There are two sig-
nificant reasons for this: First. there’s no
single, coberent fax standard. Surplus com-
mercial fax machines vary considerably in
terms of standards, und it’s difficult to obtain
spare parts and spectalized sapplies (such as
the multitude of different recording papers)
that these machines use. Secondly, there’s
the length of time required to transmit a fax
picture. Depending on the system, anywhere
from 5 to 20 minutes are required to transmit
and receive an image! For radio amateurs,
because FCC regulations require periodic

display pictures until the mid-70s.
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Fig 1—Here's my daughter, Jennifer, in a portrait view using the
original 120-line SSTV display standard. The relatively low
resolution of this format is a result of the trade-off between signal
bandwidth and the limitations of the analeg equipment used to

statton identification, transenitting for more
than {0 minutes without identifying is ille-
gal. Even transmission times of 4 to 6 min-
utes wre impractical, given the congested
nature of our HE bands, With the heightened
interest in amateur video communications,
it’s time we looked at alternatives for the
transmission of more-detailed images,

A Computer-Based Fax Standard

Rather than tie amateur fax standards to
outmoded 1930s mechanical technology, it
seems reasonable to focus on availabie high-
resclntion computer video standards as a
starting point. Now, [BM PCs and com-
patibles unquestionably have the largest in-
stalled user hase, VGA graphics adapters and
monitors have become the entry-level stan-
dard for such computers, and older units can
be upgraded to V(G A standards for as little as

$50 for 2 VGA adapter card and about 100
for a monochrome monitor. Although VGA
systems are backwardly compatible with the
older monochrome, CGA and EGA stan-
dards, two VGA-specific modes have the
greatest potential interest for amateur imag-

ing:

Pixels/ image Colors/
Line Lines (Giray Scale
320 N0 256
640 480 16

The 320 x 200 standard is widely used in
systems designed for SSTV image display,
aithough the 256-color limit demands crea-
tive programming to achieve acceptable
colordisplay. The 640X 480 16 color/eray-
scale mode provides an excellent option tor
a significant increase in monochrome image
resolution. If the horizontal display is lim-
ited to 512 pixels, un area to one side of the
imuage can be reserved for image data and
menu uptions,

A 512 % 480 image (see the lead photo-
graph and Figs 3 und 6) represents the same
increase in resolution over the 240-line
88TV standard as the 240-line pictures doin
relation to the original 120-line format. The
increase in image detail is striking and
greatly expands the range of options for
pictures and subjects.

If you've purchased a computer in the
last two years, you probably already have
all the computer hardware you need. All
that's required to put high-resolution fax
pictures on the air is a transmission standard
that takes advantage ot the many options
already developed for SSTV.

Fig 2--Digital scan converters facilitated the development of
240-line S8TV formats as illustrated here. This sample was
displayed from a 20-meter transmission by KAZET using the
Scottie 1 line-sequential color mode. The 88TV routines
incorporated into the FAX480 program were used to display this
image. The increase in effective resolution over that achleved
with 120-line images is dramatic and expands the possibilities for

exchanging detailed pictures.
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from a 240-line TV camera frame-grabber.

Video Modulation Standards

Table ] lists the specifications fora VGA-
based rmage-transmission Format. The stan-
dard fax and SSTV audio FM modulation
furmat (1500 Hz black to 2300 Hz white) is
retained, enahling use ofexisting HF fax and
55TV modems.

Line and Frame Rates

The siandard specifies a 3.7416 lines/
second horizontal rate. This fractional value
may seem odd, but s a result of bandwidth
and system clock factors. The present HF
SSTV standards transmit pixels at a rate of
1920/second. Transmitting pixels at a sig-
nificantly slower rate resclts in unnecessary
extension of the image-transmission time. A
significant increase in the pixel rate requires
a wider video bandwidth and degrades reso-
lution because of the audio and RF filtering
used in modern HF SSB eguipment, A pixel
rate roughly comparable to the SSTV rate is
the most practical alternative,

In the next section, I'N emphasize the
benefits of maintaining very precise rates for
image transmission. This can’t he achieved
by relying entirely on the computer’s inter-
nal clock and/or software timing Joops, A
simple crystal clock circnit that can be
trimmed to a precise frequency provides the
reqguisite accuracy,

Tick! Tock!

We can take two approaches to the system
clock, If we want a nice, even-numbered
line rate, we'll need a custom-ground
crystal whose odd freguency will make it
difficult to adjust without a very accurate
frequency counter, Alternatively, we can use
a universally available crystal (cheap!} and

Fig 3—Here's an example of a test transmission of the 480-line
fax format on 70-cm FM. The significant increase in image
resolution provides even more opportunities for possible piciure
sources. Image transmission using the proposed fax standard
requires 2 minutes and 18 seconds. This image was created from
a 480-line VGA weather-satellite image file, with the inset derived
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Fig 4—The original schematic of the simple clock circuit. This
Isn'tin QST style, That's because it’s an author's original that
was scanned into a computer file, transmitted and received on
70-cm high-resalutian fax, then photographed off the screen! The
circuit uses a 4-MHz microprocessor crystal. Resistars are 1/4-W,
5%-tolerance carbon-composition or -film units. U1 is the

oscillator/buffer, followed by U2, a CMOS counter, providing a
divide-by-2048 function. The GND and +5-V leads are connected
to points on the bottom of the ViewPort VGA PG board at the de
power connector; the [ead to pin 15 (ERROR) of the parallel
connector is connected beneath the ViewPort board near the

DB25F 1/O connector.

accept whatever line rate that produces.
Fig 4 shows a simple and frugal clock circuit
using 2 4.0-MHz microprocessor crystal, Ul
is the oscillator/butfer, followed by U2, a
CMOS counter, providing a divide-by-2048
function. Assuming the 4-MHz oscillator is
precisely on frequency. the clock output is
[953.125 Hz, it 2 well-calibrated frequency
counter is available, connect it to TP and
adjust C1 (use a nonmetallic tuning tool) for
areading of precisely 4 MHz. Alternatively,
set the crystal calibrator of your receiver for
zero beat with WWV at 10 MHz. Connect a
short test lead to TP1, set the receiver to
4 MHz and adjust CI for zero beat with the
calibrator harmonic.

The system software uses this clock to
time the pixel transmission and display,
sa the resulting pixel rate is 1953.128
pixels/second. Each clock cyele requires
0.512 ms; that sets all the other system rates.
Each line is preceded by 10 clock eycles of
1200-Hz subcarrier sync (atotal of 5,12 ms),
followed hy 512 image pixels, requiring an
additional 262.144 ms (512 0.512). Thus,
the total time required for line transmission
15 267.264 ms (5.12 + 262.144). Because
cach line requires 267,264 ms, the lince rate
works out to 3.7416 lines/second ( HO00 ms +
267.264), The image {rame consists of 480
lines, so the time required to transmit the
image data is 2 minutes, 8.3 seconds {480
linés +3.7416lines/second = 128.3 seconds).
We need to add an additional 10 secands at
the start of the picture to ensure reliable start-
ing (to be discussed shortly), so the total time

required for transmission of a complete pic-
ture is 2 minutes, ! 8.3 seconds.

Svachronization

SSTV image lines are triggered individu-
ally by the presence of a 5-ms, 1200-Hz syne
pulse tone at the start af each line. Because
the sync puises maintain line registration at
the start of each line, SSTV timing is rela-
tively noncritical to received image display.
SSTV images can be recorded on standard
monaurdl audio-tape systems of modest
quality and still retain acceptable image reg-
istration. The majur drawback to fine trig-
gering is that interference or noise bursts can
disrupt Hne triggering and thus destroy an
entire Jine of image data.

Fax systems don't use syne pulses, they
rely on precision speed control at the trans-
mitting and receiving ends to maintain syn-
chronization. This makes line registration
independent of noise or interference; only
individual pixels are disrupted on a noisy
path. The main problem with such an
approach is that it's best impiemented live.
Recording such a transmission either
requires the use of a precision recording sys-
tem{a VCR locked to a local TV station or a
digital audio-tape system), or the use of a
stereo audio recorder with crystal-referenced
tones and phase-locked loops to track inevi-
tuble speed variations in the audio recorder.

The proposed standard takes advantage
of the positive aspects of both the line-
triggered and crystal-locked approaches. All
image transmissions are made using the
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1953.125-Hz master clock frequency as a
standard. The image is transmitted with the
syme precision as a fux signzl, but conven-
tional 5-ms, 1200-Hz SSTV horizontal sync
pulses are inserted at the beginning of each
image line. Thus, two modes of operation
are possible. Display of the signal, using the
crystal clock, begins with the detection of
the image-start routine (to be discussed), The
system then looks for the first 3.12-ms,
1200-Hz {ine syne pulse (10 clock cycles).
At that point, the system displays the 480
image lines entirely by reference to the crystal-
controlled clock, Noise or interference
impacts individual image pixels only!
Because the system also transmits line
sync pulses, the signal can be recorded on a
standard monaural cassette recorder. A
second display routine, which loads lines
after receipt of each line sync pulse, can be
used to display the image from the tape re-
corder. Once loaded, the image can then be
transmitted by reference tothe system clock.
The result is 4 very flexible system with the
precision of conventional fax, but with the
audio-tape convenience of SSTV!

Image Start

When [ first began wark on the 480-line
fax format, Linitiated each frame with a con-
ventional 30-ms, 1200-Hz SSTV vertical
syne pulse. This worked well all the way
through the early tests on UHF FM, but was
less than satisfactory when the typical
20-meter bedlam was mixed with the signal
while T was experimenting on the test bench.
Commercial HF fax links place a premium
on reliable image starts. It their customer’s
machines are subject to false starts, the
customer wastes money on fax paper and
loses the opportunity to receive a possibly
important image. For an amateur {ax stan-
dard, if we’re going to commit slightly over
2 minutes tothe transmission of a picture, we
want starting to be as reliable as possible to
make optimum use of the frequency.

HF and satellite data links solve the start-
ing problem by transmitting several seconds
{typically about 5) of a distinctive start tone.
"The start tone consists of square-wave modu-
tation of the subcarrier between black-und-
white limits (often at a 300-Hz rate). This
start tone is quite distinctive and can be reli-
ably detected in a number of ways, trigger-
ing the recorder at the receiving end. The
start tone is then followed by « phasing
interval of about 5 seconds duration, During
this period. black pulses are transmitted to
mark the start of image lines, with the rest of
euch line consisting of white subcarrier, The
black-to-white transitions are easily detected
and the phase interval permits the recorder at
the receiving end to get into step (phase) with
the fax transmitter. At that point, actual trans-
mission of image data begins.

My experience with weather satellites
had demonstrated how reliable sucha system
can be, so 1 incorporated it into the 480-line
standard, The start tone for this format in-
volves 5 seconds of a 244-Hz square wave
medulating the subcarrier hetween black and
34 O

Some Fax Basics

Untit the recent advent of satellits-
based digital systems, the basics of
fax technology wera quite stable for
over 50 years, Fax transmitters and
raceivers (referred to as recorders)
are hased on & marvelous combina-
tion of infricate mechanics and basic
electronics, Image scanning at the
fransmitter and reconstruction at the
receiving end is controlled by
synchronous motors which maintain
constant and equal spseeds at both
ends of the fax circuit. This is
achieved by driving the motors from
crystat or tuning-fork frequency
standards, in conjunction with
precision gear assemblles. The
operating epeed of thess units (the
line rate} is not eastly altered and
multimode units are rare. Units
designed for press Wirephoto service
typically operated at 60, 80 and 180
lines/minute (lpm}. Weather map and
chart systems operate at 120 lpm,
while weather-satellite fax recorders
use line rates of 120 and/or 240 |pm.

In addition to variations in line rate
and other aspects of image format,
fax systems also differ in video
modulation. All use some form of
modulation of an audio tone or
subcarrier. Weather-satellite systems
and some systems dasigned for
phone-line service amplitude-
modulate the subcarrier. In weather-
satellite systemns, for example, black
image data is represented by a
subcarrier amplitude of 4%, while
white is represented by 100% of peak
subcarrier amplitude. Amplitude
subcarrier modulation does not work
well over HF radio links where fading
is common. Weathet-chart and
Wirephoto systems on HF use FM
subcarrler modulation in which black
is represented by a 1500-Hz tone and
white by a 2300-Hz tone, There is
also considerable variation in how the
various systems signal the start of an
image and how they accomplish
phasing—assuring that the start of
each line at the receiving end
corresponds to the start of a line at
the transmitter. —WBSDQT

white limits, This is achieved by setting the
transmitted subcarrier to white (2300 Hz) for
4 ¢lock cycles {2.05 ms), then setting it to
hlack (1500 Hz) for 4 more clock cycles, If
this is repeated 1220 times, the result is 5
seconds of start tone { 1220+ 244 = 5). Atthe
receiving end, the start tone is detected by
sampling the video on every clock transition
for a total of 488 samples (% second), The
system tallies the number of black-to-white
transitions in the Y-second interval. If the
start tone is present, there should be 61 tran-
sitions (244 + 4). The system accepts a value
hetween 59 and 62 (allowing for sampling
error), assuring stringent requirements for
initiating image display. The use of a
S-second start tone interval allows the

receiving operator ample time to initiate dis-
play when the start tone is heard, further
reducing the possibility of false starts.”
The start tone is followed by about 5
seconds of phasing interval. representing 20
nonimage lines. Bach of these lines begins
with 10 clock cyeles of 1200-Hz subcarrier
(5.12 ms), followed by 512 clock cycles of
white (2300-Hz) subcarrier. This makes it
very easy for the system to detect that start-
ing time for the forthcoming image lines, at
which point display can begin using either
the crystal-clock reference, or triggering
using the line sync pulses. With the software
to be described shortly, about 10 of these
white lines are displayed at the top of the
picture it the start tone wus detected imne-
diately. This provides a buffer of about
3 sgconds for start-tone detection under
noisy conditions, without loss uf image data.

Hardware

One of the problems associated with
attempting to introduce a new communica-
tions standard is the vision of all the new
hardware required to give it a try. This is not
the case with this computer-based fax stan-
dard! Most interfaces designed to receive
and transmit SSTV using a PC-compatible
computer can be used to transinit and receive
images using this standard. One such unit is
the ViewPort VGA SSTV interface.**

A&AEngineering’s ViewPort VGAisan
excellent general-purpose SSTV interface
that requires the simple addition of the clock
circnit shown in Fig 4 to be compatible with
the 480-line fax mode. The c¢lock circuit,
huilt on asmall piece of perf or PC board (see
Note 3), can be instalied in the ViewPort
VGA (sex Fig 5), which supplies the needed
5 ¥V de, The interface connects to the host
computer via the parallel printer port.” The
interface uses almost all of the 1/O capacity
inherent in the PC's parallel port, with the
exception of a single input hit available at
pin 13 {the ERROR bit) of the DB23 connec-
tor on the ViewPort VGA rear apron. A
single wire, connecting the output of the
added clock circuit to this pin, is all that's
reqjuired to put the svstem into fax service,
"The added clock circuit has no effect on the
use of the interface for SSTV.

Software

The software required to implement
480-line Yax is hardware-specific. To en-
courage experimentation in this mode, I've
written a PC-compatible program, FAX480,
which is being made available free of charge
on a number of bulletin board systems.
{A&A Engineering also ships the software
with ViewPort VGA kits and assembled and
tested units; see Note 3.) The software can be
found on the ARRL's BBS (203-666-0578),
the Dallas Remote [maging Group (DRIG)
BBS (214-394-7325} and on my Weather
Satellite Handbook BBS 1517-676-0364),
Experimenters may copy and distribute the
software to others, as long as no fee is
charged and commercial use is not made of
the program code. The software is distrib-



Table 2
FAX480 Software Functions

+ Receive live (directly from the computer)
images using the internal crystal clock,

« Display audio-tape-recorded images using
frame- and line-triggering provided by the
1200-Hz sync pulses.

* Transmit images from the BAM image
buffer.

+ Display, on demand, the current image in
the RAM butfer.

* Save to disk and load from disk any image
{128 kbyte total file size).

* Display a 16-step gray scale to optimize
adjustment of the VGA monitor's brightness
and contrast controls.

* Add a one-line (60-character) label at the
hottom of the image. This label can identify
the image and/or provide information
ralevant to a particular contact.

* Print fax images on LaserJet and DeskJet
printers.

* An 88TV operating module that lets you
recetve the most-popuiar SSTV modes and
transmit both [ow and “high"-resolution
S8BTV images from within the FAX480
program.

+ Routines to permit precise receiver tuning
prior to picture transmission.

uted in an archived file (FA X480.Z/P), which
contains the following files:
FAX480.EXE—the operating program to
control the A&A ViewPort VGA interface.
FAX480.DOC-~an ASCII documenta-
tion file describing the use of the FAX480
program.

BINFAX.EXE—a utility file to convert
Y(A-screen-captured files to the FAX480
image-file format,

FAXSSTV.EXE—a wility to convert
FAX480-format images for use in the SSTV
portion of the program.,

Sample images—typically one 480-line
fax image and several SSTV-format images
are included in the archived distribution file.

With this software, vou can operate two-
way 480-line fax without any ancillary
equipment other than the modified A&A
ViewPort interface. The computer must be
equipped with a VGA display adapter, a
minimurn of 640 kilobytes of RAM and a
parallel printer port. There s no installation
program: The software aufomatically deter-
mines the parallel port to which the interface
is connected and alerts you if you’ve failed
to connect the interface or apply power toii!
The program can run from a floppy disk of
virtually any capacity, or a hard disk drive.
See Table 2 for a brief description of the
program’s features. The FAX450 program
and A&A interface were used for all the on-
the-air tests, This 480-line fax capability can
be incorporated into other PC-based SSTV
systems; 1 encourage developers to do so.
Anyone experienced in programming SSTV
routines will have no trouble, as sync and
video handling is identical to that of SSTV
except for reference to the clock-pulse train
for timing.

Image Sources

Untold high-resolution images are avail-
able from BBSes and other sources, These
images can be easily translated to a FAX480-

compatible format. Terminate-and-stay-
resident {TSR) software is available that
grabs u 640 x 480 VGA screen and converts
the image to 4 large binary file {307 kbytes).
VGACAP (V 6.1) by Lawrence and Marvin
Gozum, a shareware program avatlable on
the DRIG bulletin board,® is an example of
such software, The BINFAX. EXE utility pro-
gram supplied in the FAX480.ZIP archived
file converts such binary files to the disk
format used by the FAX480 program,

Hand-held and flatbed scanners can also
be use to digitize photos and other material.
Most of these support a 640 x 480 VGA dis-
play option. If these programs don’t directly
generate the needed binary files, the screen-
grabapproach mentioned earlier can be used,
Hand-held scanners represent one of the
most cost-effective ways to produce images
for fax and SSTV. They re particularly use-
fulin computer-based systems that may lack
TV frame-grabbing hardware. Almost all the
images in this article were scanned from
standard color prints using a Logitech 256
hand scanner. lmages scanned at 100 dots
per inch (dpi) equal or exceed the resolution
obtainable with the 512 x 480 fax format. 1
saved the scanned images as .PCX files:
VGACAP created a binary image file and
BINFAX converted the binary file to the
FAX480 format.

TV frame grabbers can be used if they
support the needed resolution. Most inex-
pensive frame grabbers produce 240- or 256-
line images. in that case, you might as well
vely on 240)-line 88TV, as there's no advan-
tage to using a higher-resoiution format. A
240-line frame-grabber can be used to cap-

Fig 5—An inside view of the A&A Engineering ViewPort VGA
SBTV interface with the two-1C clock circuit installed, The ground
foil of the clock’s PC board is soldered to a strip of spring hrass
held in position by the MIKE GAIN pot mounting hardware. Other
mounting methods—such as double-stick tape—can be used.
(P2, the unused connector near the power supply board
accommodates the interface's optional tuning indicator.)
Instaliation takes but a few minutes as only three leads need be
connected to the interface’s PC board. The circuit doesn’t affect
the interface's 85TV operation, and provides the precision timing
required for fax transmission and reception.

Fig 6—My flying partner, Don Chubb, spins the blades of our
Witralight gyroplane in this 512 » 480 image. This picture and the
title-page photo, were transmitted to WBSH on 20 meters by
W1AW using a transmitter power output of 100 watts fedto a
three-glement Yagi at 120 feet. At WBSH, | used the live (crystal-
locked) display program option. The white bar at the top of the
picture is the remnant of the phasing signal and characterizes
pictures transmitted by the fax standard proposed in this article.
This picture is far 0o detailed for 120-line 85TV and would be
marginal for 240-line transmission. The 480-line fax format
provides the resolution required to create a sharp picture.
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ture an image and insert it into a larger fax
image (see Fig 3}, or several 240-line pic-
tures can be combined to make one farger fax
image. Better (and more expensive) frame
grabbers integrate both fields of an interlaced
TV picture, capturing a 512-line image. Such
systems can be used, along with a TSR
scteen-capture program, to produce the
hinary files, which can then be converted by
the BINFAX program for use by the FAX480
software.

On the Air

Prior to testing the system on HF, I made
anumber of contacts on VHF and UHF to get
a feel for the operational aspects of the sys-
tem. Four imuges were tecorded on the audio
channel of ant 8-mm videotape deck, with the
video input locked to # local TV signal. This
provided me with a recorded signal that
could be transmitted with essentially the
sdmne timing precision as g live signal. Jeff
Broughton, WBSRIY, ane of our local ATV
crowd, took custody of the VCR and made
provisions for tapping the andio signal into
one of his 70-em FM H-Ts. At the receiving
end, I displayed the signal using the crystal-
locked mode, simultaneously making audio
recordings to test the line-triggered display
mode,

The tests went oft without a hitch, The
image in Fig 3 is an example of pictures
transmitted in this sequence. Clearly the
system was working well over any voice link
that could be maintained on VHF and UHF
FM. If nothing else, the tests demonstrated
the capability of transmitting very detailed
images over paths that would be difficult or
impossible using the conventional ATV ap-
proach.

HF tests of this fux system were con-
ducted on 20 meters batween WIAW in
Newington, Connecticut, and W8SH, the
Michigan State University Amateur Radio
Club station in Eust Lansing, Michigan. [n
effect. the tests celebrated a 25-year reunion,
(ARRL Executive Vice-President David
Sumner, K1ZZ, and 1 were responsihle for
putting WESH on SSTV in 1967, and col-
luborated on a number of pioneering experi-
ments over the next few years.) There is no
comparison between the current 480)-line
images and the 120-line pictures we worked
with so many years ago, but the sense of
adventure and experimentation was as fresh
as ever!

Both stations were equipped with modi-
fied A& A Engineering ViewPort VGA units,
standard VGA PC-compatible computers
and the FAX480 software. Last-minute prob-
lems with interfacing to the transmitter kept
WB8SH from transmitting, so WIAW as-
sumed that role, operating at 100 watts.
Three virtually perfect pictures were
received in Michigan (see the lead photo and
Fig 6). Only one picture had to be repeated,
and that was because / missed the start tone!
The W1AW crew, who had never used the
software prior to the tests, performed with-
out asingle slip. After all the endless, early-
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morning hours, consuming gatlons of coffes
while debugging computer code and hard-
ware, the transition from concept to reality
was almost anticlimactic! The results are
excellent—and the systemis easy to use. You
can't ask much more of a mode that is both
simple and inexpensive to implement!

The SSTV Bonus

One of the problems with being a fax pio-
neer is that you're initially going to run into
more SSTV stations than you will those
equipped for 480-line fax. As an added in-
ducement for vou to give the program a try,
I’ve included a very effective 88TV module
within the FAX480 program to ensure that
you don't get lonely while searching for
other fax stations! All the S8TV options use
64 gray-scale steps for transmission and re-
ception, and you can copy af! of the standard
monachrome and Robot color SSTV formats
as well as the popular Scottie [ (Fig 2)and 2
modes. [f the interest is there, 1'1] add other
modes in the future,

Any images you receive can be retrans-
mitted in either the 120- or 240-line format.
I addition, the program allows you to trans-
mit any of your 480-line fax image files in
either SSTV format. All SSTV images use
compact 64-kbkyte files that suve to disk and
load from disk almost instantaneously. in
addition, the 88TV module incorporates
contrast-expansion Toutine to improve
pictures washed out as a result of less-than-
uptimum setup at the transmitter end, or
slight mistuning at the receiving end,

Of course, if you have a color YGA dis-
play. you can use the software supplied with
the ViewPort VGA interface to transmit and
display color S8TV images. You'll find that
program is a bit more complex to use and
will probably require some setup. if you're
using a imonochrome VGA monitor, the tm-
age quality is better if you use the FAX4E0
program. FAX4801s also considerably easier
to use for routine SSTV work if you're con-
tent with a high-quality, gray-scale display.

Summary

ATV and SSTV ure two healthy modes
thut provide a useful range of image-
communications options. Unfortunately, a
fumber of factors combined to stifle the
development of amateur fax capability and
{until now) there hasn’t been a good option
for handling higher-resolution imagery. This
proposed 480-line fax mode, based on the
nearly universal 640 x 480 VGA display,
provides such an option. The standard is
completely compatible with existing S8TV
hardware for PCs and compatibles. Soft-
ware, in the form of the FAX480 program, is
available free for a popular SSTV intertace
unit. Modifying the tnterface for the fax stan-
dard doesn't alter its normal SSTV capabili-
ties in any way: it simply opens new possi-
bilities. My intention is not to aftempt to
displace any of the existing SSTV imaging
modes: each has its place in the continnum of
amateur image communications. What has

been missing is a coherent standard for
handling images of higher resolution.
Hopefully, this proposed standard, which
can be implemented very economically,
will enconrage experimentation with the
exchange of higher-resolution images and
provide amateurs with a viable facsimile
option,

Notes

'For mora intormation on SSTV and Capthorne
MacDonald, see J. Langner; "SSTV—It isn't
Expensive Anymorel," ST, Jan 1993, pp 20-
30, and R, Booth, “A Profile of Copthorne

Y MacDonald,” QST, Jan 1993, p 31.

“The start-tone system was ftested by initiating
the image-display routine while driving
the system with a fape recording of about
45 minutes of the weekly SSTV net on
20 meters. This tape represented S8BTV
image transmissions, chatter, interference
and everything else that can possibly occur
on 20 meters on a Saturday aiternoon. The
time between false starts averaged about 5
minutes, Because you normally would initiate
display just moments before the other station
began transmitting, i consider the rasuit a
h{ghly reliable approach to triggering the dis-

. play.

iSee Product Review in this Issue. The
ViewPort VGA system 4-MHz elock and ac-
campanying software is available from ASA
Engineering, 2521 W La Palma Ave, Unit K,
Anaheim, CA 92801, tel 714-952-2114, fax
714-952-3280.

A PC-board template package is available
free from the ARRL. Address your request for
the TAGGART CLOCK TEMPLATE to: Tech-
nical Department Secretary, ARRL, 225 Main
St, Newington, CT 38111, Plaase be sure to
enclose a business-size SASE.

4See also pages 15to 17 of the May 1988 issus
of Q8T, in which we published *Pictures by
Packet,” written by Corby B, Pratt, K4WV, and
Virgil L. Yarbrough, K41EK. This system uses
a (64 computer.—£d.

*You'll need a DB25 extension cable (25-pins
connected straight throughy with a DB25M
{male) connector ¢n each end to connect the
intggerence to the computer's parallel port.

SDallas Remote Imaging Group (DRIG) BBS,
tel 214-394-7325.

Ralph Taggart was first licensed as WV2EMC in
the late 19503 and now holds an Advanced-class
license. He earned o BA in Biology from Rutgers
Uiniversity {1903), an MS in Botany from Ohio
University (1967}, and a PhD in Botany from
Michigan State Universityin 1971, Since that time
ke fas been on the faculty at MSU and is a Profes-
sor in the department of Botany and Plant Pathol-
vgy und the department of Geologicul Sciences,
and is Curator of Fossil Plants,

Ralph's beenactive in amateur television (ATV)
since 1963 and slow-scan television since 1957,
In 1972 he was coauthor (with Don Miller,
WYNTP) of the Slow Scan Television Handbook,
Not long after that, he became interested in
weather-satellite image reception display and
authored the first edition of his Weather Sateilite
Handbook in 1976, This book, now in its fourth
edition, is published by the ARRL.

I addition to his ongoing work in ull aspects of
image cemmunications, Ralph iy active in
ultralight aviation, flving a homemade gyroplane
of his own design. Ralph has authored many ar-
ticles for Amateur Radio and various aspects af
wltralight aviation, a book chapter on ultralight
skt flving, numerous technical papers in his
rexearch ared and is coanthor of two general
hivlogy textbooks. 1L 2



