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A WEATHER-FACSIMILE DISPLAY BOARD FOR THE IBM PC — 3
By H. Paul Shuch, NE6TX

The FaxBoard: A plug-in card that acts as the interface

betwaen the audio output of your WEFAX receiver and

the I/ bus of an IBM PC. All you add is some readily
available softwara.

FACSIMILE OVER A HIGH-FREQUENCY RADIO LINK ————— 8
By James R. Parkes and T. A. Curran

QEX's facsimile coverage continues as two Canadian
enginaers detail their success in transmitting CCITT
Group 3 FAX imagery to ships at sea over a 2400-baud
HF radio link. Based on commarcialy availabla FAX
modems and ship-to-shore fransceivers, the system
underwent successful trials during July 1987 over
skywave paths several hundred kilometers long.

A TUNING AID FOR PACKET RADIO, RTTY AND SSTV ———
By Massimo Biolcati, 14YH

Hera's a way to modify an old oscillosocpe and turn it

into an affactive tuning indicator for packet radio, RTTY
and SSTV. You can change or add shift frequencies as
you desire simply, and with a minimum of components.

COLUMNS

CORRESPENDENCE

Program changes and some thoughts on antenna
impedance matching from Dan Jenkins plus a request for
aid in monitoring low frequency transmissions during
antenna tests being conducted by Astron Corporation for
the Space and Maval Warfare Systerns Command.

VHF * TECHNOLOGY =
By Gaeoff Krauss, WA2GFP
This month VHF* Technology begins a discussion on the

“state of the art’’ on the 70-cm band, concentrating on
antenna types and equipment availability.
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ABOUT THE COVER
Here's a project that should whet
the appetites of the growing
number of WEFAXers. No more
boxes to clutter your operating
desk; this interface hides in

your PC!
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bout fifteen years ago, when |
A first became involved in the

fascinating process of receiving
pictures of the Earth from weather satel-
lites,! several image-display options
existed. Like most experimenters, | tried
them all. Although electrostatic printers,
rotating-drum facsimile machines, slow-
scan TV monitors, storage oscilloscopes,
and Polaroid time exposures from GRT
displays all produced usable and exciting
pictures, | longed for an easier way. |
wanted a display with no moving mechan-
ical parts, no messy chemicals, no fumes
from sparking Teledellos paper, and no
chance variations in contrast and density
from one picture to the next. | reasoned
(as did many other radio amateurs at the
time) that the ultimate display would
invalve digitizing an image and storing it
in computer memeory for manipulation,
enhancement, and ultimate display on a
video screen.

Unfortunately, technical and financial
realities put such a display totally out
of reach for the growing community of
WEFAX experimenters. Well before the
personal-computer revolution, the few of
us who had access (o our own computers
were limited by the memory thay con-
tained. Sixteen or 32 kbytes of memory
was considered all one would ever need
for even the most demanding applica-
tions(!). Magnetic-core memaory was the
rage then, and at about one cent per ''do-
nut,”’ the half-megabyte or so necessary
to store one frame of satellite imagery
cost about $40,000! If that wasn't enough
to discourage an experimenter, the size
and slothfulness of the pre-microprocessor
computer usually was!

Computer Evolution

Although the 6502, BO0B0 and
ZB0® -based computers of the late '70s
were manageable in terms of size and
speed, and solid-state mamory was fast

'Motas appear on page 15.
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becoming affordable, these B8-bit
machines could directly address only 64
kbytes of memory. A few experimenters
managed to digitize small portions of a
WEFAX frame, for limited-resoclution dis-
play. But computer display of the full
frame of satellite imagery—in all its
glary—still eluded us . . . until recently.

I've never been a great fan of the MS-
DOS™ operating system. Still, the IBM™
PC (and itz imitators), with its 18-bit
internal architecture and ability to address
640 kbytes of memory, finally made
WEFAX digital display practical. And, with
bipolar HAM below $100 per Mbyte, the
ubiguitous PC clone has fast become the
computer of choice for weather-satellite
enthusiasts.

Software

Now, what about software? Elmer
Schwittek, K2LAF, made a significant
contribution with his programs REAL-
TIME.BAS and MAGNIFY.BAS?
WXFAX.BAS 2 MULTIFAX.EXE, and the
mast recent versions of Multifax,® MF2.1
and MF3.0.4 Which version of the pro-
gram you should use depends on the
equipment at hand. If you have a color-
graphics adapter (CGA), use MF2.1.
MF3.0 can be used only with an
enhanced-graphics adapter (EGA). You
can'tuse a monochrome display adapter
(MDA) or Hercules graphics adapter
(HGA); they are not compatible with the
Multifax programs!

| designed the latest version of the
FaxBoard—an all-inclusive interface
between the audio output of a WEFAX
receiver and the /0 bus of the |IBM PC—
around Elmer's MF3.0 software. However,
the FaxBoard is compatible with all ver-
sions of the software. The FaxBoard is not
available as a commercial product; you'll
have to build your own. But then, that's
what Amateur Radio is all about!

Interface Hardware Requirements

A weaather-satellite receiver produces
as its output an audio tone (typically 2.4
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kHz), the amplitude of which varies as a
function of video intensity (brightness). To
display the image on a computer's video
monitor, it is necessary to both demodu-
late the instantaneous amplitude of the
audio subcarrier, and to periodically digi-
tize that amplitude for storage and dis-
play. The FaxBoard parforms these two
functions, and a few othars, as shown in
the block diagram of Fig 1. The schematic
diagram of the board is shown in Figs 2-4,
a parts list appears in Table 1.

Audio oulput from tha recaiver is first
applied to a high-pass filter (U1A) to strip
off any hum and low-frequency noise that
might be present. An audio AGC stage
(U1B and associated componants) main-
tains a constant video leval, but in the
process may generate distortion pro-
ducts, which are removed in an active
bandpass filter (U1C). Contrast amplifier
UMD establishes the appropriate drive
level to U2A and U2B, a full-wave audio-
subcarrier demodulator. The signal is
next filtered in an active low-pass filtar
{U1C), to remove any vestiges of the origi-
nal subcarrier from the video waveform
that is sampled and displayed. Buffer
U2D represents the final analog gain
stage, establishing the appropriate drive
level for the analog-to-digital (A/D) con-
verter.

Digitization is accomplished in U3, an
internally clocked CMOS A/D converter,
the Tri-State® parallel outputs of which
are enabled by the address decoder cir-
cuitry (to be described), providing an 8-bit
digital word. Note that MF2.1 supports
only the two most significant bits of this
signal, thus can display an image inup
to four colors (or video levels). MF3.0, the
EGA version of K2LAF's program, sup-
ports two, three or four bits, for signifi-
cantly more shades/colors. Future soft-
ware products may permit the use of even
more bits per pixel. Currently, FaxBoard
3 provides an B-bit (256-level) capability,
in anticipation of future software enhance-
ments. Low-resolution-display software
uses fewer of these bits.
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Fig 1—A block diagram of the FaxBoard. *
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Fig 3—Active audio-bandpass filter (U1C), contrast amplifier (U1D), full-wave audio-subcarrier demodulator (U2A and U2B) and
active audio low-pass filter (U1C) stages of the FaxBoard. U2D, the final analog gain stage and buffer, establishes the appropriate
drive level to the A/D converter of Fig 4. With no input signal applied, and having properly adjusted the aGc caus control (see Fig
2), adjust the conTRAST control for a 5-V P-P reading at test point 2.
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Fig 2—Input, high-pass filter and AGC stages of the FaxBoard. With no input signal applied, adjust the acc caLis potentiometer
for a 50 uA reading with a microammeter attached to test point 1.
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Table 1
Parts List

Unless otherwise specified, all resistors are ¥%-W, 5% tolerance carbon-composition units; disc ceramic capacitors are 25-V units.

Part Identifier

C1-C8—0.01-xF disc ceramic
C9-C11—1-xF/16-V tantalum.
C12-C14—0.1-yF disc ceramic.

C15, C16—20-uF/6-V tantalum.
C17—100 - uF/16-V tantalum.
C18-C20—10-xF/16-V tantalum.
C21—150-pF silver mica.
D1-D6—HP5082-2800 or equiv (see text).
D7—1N914 silicon diode.

D8—1N752 (5.6-V/400-mW) Zener diode.
J1—Y%-in. phone jack.

Q1—2N2907 or equiv.

R1-R16—10 kQ.

Misc.

Mount to Part Identifier Mount to
Header # Header #
1 R17-R19—4.7 kQ. 9
2 R20-R22—82 kQ. 9
2 R23—47 kL. 10
3 R24—1 kQ. 10
3 R25, R26—10 kQ, 14-W ten-turn trimmer 6
4 potentiometer
2 R27—2.7 kQ. 10
5 R28-R30—20 k. 10
5 SP1—4-8 Q, 2-in. diam speaker.
5 U1, U2—LM324 quad op amp.
U3—ADC0801 A/D converter.
U4—74L5260 dual, low-power Schottky, 5-input NOR gate.
7,8 U5—74LS20 dual, low-power, Schottky 4-input NAND gate.

JDR wire-wrap prototyping card (JDR-PR1); JDR Microdevices, 110 Knowles Dr, Los Gatos, CA 95030, tel 800-538-5000.

Four 14-pin DIP wire-wrap sockets.
Ten 16-pin DIP wire-wrap sockets.
One 20-pin DIP wire-wrap socket.
Ten 16-pin DIP headers.

Once the digital intensity information is
generated, the controlling software needs
to sample it periodically for input to
memory via the computer’s I/0 channel.
This is done through memory mapping,
enabled by an I/O read command, and in-
hibited during direct-memory-access
(DMA) operations with the address-
enable signal, as decoded by gates U4
and U5. Please note that the 1/O address
selected for the FaxBoard is &h300, (the
*&h” representing hexadecimal notation)
the first address assigned by IBM to their
prototyping card. The default address for
image input assumed by the Multifax pro-
gram is &h201, the first game-port ad-
dress. This address, if used, would create
a conflict between the FaxBoard and any
device connected to the joy-stick port.
Fortunately, in its SETUP option, the Mui-
tifax program allows you to specify the /O
address desired. FaxBoard circuit users
should remember to set up their software
for 1/0 address &h300.

Receipt of valid address, enable and
1/O read commands activates the Tri-
State buffers within U3, momentarily
transferring the A/D converter output to
the computer data bus. From there, each
picture element can be stored on disk, or
displayed on screen, under software
control.

Circuit Credits

The analog and digital circuitry both
borrow heavily (and shamelessly) from
the works of others.5-10 | claim no origi-
nality here, having merely adapted widely
used circuits to a single PC prototyping
card.

6 QEX

The material referred to in note 5, the
definitive study of digital scan conversion,
is a historically significant document. It
was published prior to the proliferation of
personal computers, and represents the
first known attempt to integrate analog
signal processing, A/D conversion, and
solid-state digital memory into a single
package. | highly recommend to all
WEFAX experimenters the Weather Satel-
lite Handbook, (see note 6) written by
Ralph Taggart (WB8DQT). The book is an
excellent overview of weather-satelliite
systems, receive hardware options, and
competing display technologies. The dig-
ital circuitry design was guided and in-
spired by the information contained in
Handbook of Software and Hardware
Interfacing for IBM PCs,11 which | recom-
mend to anyone wanting to understand
more about the architecture of the IBM
PC bus.

The Journal of the Environmental Satel-
lite Amateur Users’ Group'2 is a quarterly
to which most weather-satellite en-
thusiasts should subscribe. it periodically
carries useful technical articles, which
enable WEFAX experimenters to share
ideas and accomplishments. At least one
computer bulietin board!3 similarly
caters to the WEFAX enthusiast.

Fabrication Considerations

One major objective of the FaxBoard
project was the integration of all interface
circuitry onto a single circuit board, so
everything required for WEFAX reception,
with the exception of the RF hardware,
could disappear into the computer. This
was done by constructing all of the cir-

cuitry on a single prototyping card,!4
using wire-wrap techniques. Wire-Wrap
DIP sockets are installed on the card not
only for the ICs, but also for all of the dis-
crete components. The discrete compo-
nents are mounted on DIP headers that
plug into the sockets; this eases the wire-
wrapping of all interconnections.

Fig 5 shows how | positioned the vari-
ous ICs and headers (labeled with H num-
bers) on my prototyping card. This is
merely an example; layout is not critical,
nor are lead lengths, with the exception
of power-supply-decoupling capacitors.
These capacitor’s leads should be rout-
ed to provide the shortest possible path
to ground. Similarly, the power-supply
leads for each IC should not be daisy-
chained, but connected directly to the
etched power bus on the board, using a
separate wire for each device.

Remember that all input and output sig-
nals to the PC bus—as well as all four
computer power-supply voltages (+ 12,
-12, +5 and - 5)—appear on the 62-pin
edge connector (P1) of the prototyping
card. Edge-connector pin numbers are
shown in the schematic of Fig 4. The A
identifiers represent the component side,
the B side being the wire-wrap side of the
circuit board. Pin numbering starts with
1 at the connector pin nearest the board’s
mounting bracket. The card | used (and
recommend) is silk-screened on both sides
with signal names printed near each pin
of the edge connector. Check the pin
identifiers against those called out in the
diagram while you’re wiring the FaxBoard.
Connections to the individual edge-con-
nector-pin holes are made by means of
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Fig 5—Positions of the ICs and headers (labeled with H numbers) on the prototype

FaxBoard.

rows of 0.1-inch-spaced wire-wrap pins.

All components used in the FaxBoard
design are comman, and should be avail-
able from most surplus or mail-order
houses. Don't overlook your local Radio
Shack® store as a parls source. The dig-
ital ICs | used are all low-power Schottky
(74LS) devices, although the 7400-series
TTL ICs will work just as well. The HP
diode types indicated for use in the AGC
limiter and subcarrier demodulator cir-
cuits are not critical; any reasonably fast
hot-carrier diode will suffice. All resistors
are -W, 5% carbon composition or
metal film; all capacitors should be rated
for at least 20 V, unless otherwise speci-
fied on the schematic.

Tune-Up and Test

If desired, the digital circuitry (Fig 4)
can be built first, and tested with the Mult-
fax software by connecting the VIDED
INPUT (U3, pin B) to the wiper of a 10-ki}
potentiometer, which is connected be-
tween +5 V and ground. Select Option
1 (SET PICTURE mamaory limits and data
port) from the Multifax Main Menu, and
enter I/0 address &h300 into the pro-
gram’s default file. (Note: The manu op-
tions | refer to here are for MF2.1. The
MF3.0 menus are slightly differant. but
are explained in the software manual.)
Mext, selact Main Menu option 2
(RECORD a new PICTURE into memory),
and vary the potantiometer to simulate in-
coming video data. You should see color
bars forming on the screen.

Once correct operation of the digital cir-
cuitry is verified, the analog circuils
should be built and tested, Audio to the
FaxBoard comes from the external
speaker jack of your VHF or microwave
weather-satellite receiver. Because plug-
ging an external speaker into this jack
generally disables the internal spaaker,
| included a small 4-{! speaker on my
board. Being able to hear the signals
greatly simplifies antenna aiming and

receiver tuning

With a WEFAX transmission tuned in,
adjust your receiver volume for a comfort-
able listening level using the FaxBoard's
speaker. Connect a microammeter o test
point 1, and adjust the aac caus timmer
potentiomeater for an indication of 50 pA
with a clean signal present. Next, hook
an oscilloscope to lest point 2 (use of a
10:1 probe is recommended) and cbserve
the demodulated video waveform. Adjust

S HDS GOES-E 05/15/68 18012 MU IR

the contrasT trimmer potentiometer for a
5\ peak-to-peak signal at test point 2.

With the calibration potentiometers set,
level optimization is performed with the
WEFAX raceiver's volume control during
the phasing intarval at the baginning of
an actual picture transmission. Run the
Multifax program, and from the Main
Menu, select Option 2 (RECORD a new
PICTURE in Memory). During the phas-
ing interval, you will need to adjust the
receiver volume control for the lowest
level that produces white (or whatever
color you have assigned to maximum
video intensity) on screen, Decrease the
recaiver volume until the color changes,
then increase the volume just to the point
at which the desired color is again wisi-
ble on screan. This verifies that the video
amplitude is within the range of the A/D
converter, and completes alignment of
the FaxBoard.

It's still necessary to optimize the tim-
ing loop of the Multifax software to syn-
chronize with your computer's chock rate.
Instructions for this process are included
in the Multifax manual. Following the
proceduras outlined, you should soon be
observing digitized WEFAX images, in
false color, almost in real time. Fig 6
shows a dot-matrix printout of such an

(continued on page 15.)

Fig 6—A dot-matrix printout of 8 WEFAX image, captured using the K2LAF Multifax
program. On screen—and in color—your pictures will look even better. (Picture

courtesy of Elmer Schwittek, K2LAF.)
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dish reflector antenna is:

G =75+ 20(ogf + log D)
where
G = gain in dB
f = frequency in GHz
= diameter in feet

(Eq 1)

This equation assumes feed efficiency
and illumination factors of about 0.5,
which is practical for most home-built
units. Thus, a 20-foot-diameter dish, if
built with a mesh surface having a suffi-
ciently close weave, will have a gain of
about 26 dB. The same dish (with the ap-
propriate feed systems) should give gains
of about 33 dB at 902 MHz and 36 dB at
1296 MHz, if the screen mesh is fine
enough.

Energy must be directed to and from
the focus or focal point of a dish to realize
the maximum gain of the dish (see Fig 1).
There are a number of methods of placing
feed elements for more than one band at
the focus of a dish. The focal length (f)
of a dish is related to the dish diameter
(D) and physical center depth (C) by

= D2/16C (Eq 2)

The equation governing the parabolic
shape is

A Weather-Facsimile
Display Board for
the IBM PC

Continued from page 7.

image, using circuitry similar to that described
here, and the K2LAF Multifax program. On
screen—and in color—your pictures should
look even better. Enjoy your FaxBoard!
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PARABOLIC
REFLECTOR

Fig 1—Cross section of the center of a
parabolic dish, showing the physical
center depth (C), focal length, and loca-
tion of the focus (f). A dish feed must be
placed at f for optimum antenna perfor-
mance, which makes multiband use of a
single dish challenging.
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Electronics Supply. Inc.
3621 Fannin St.  Houston, Texas 77004
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9913 low loss, solid center conductor, foil &
braid shield - excellent product........ 54¢/ft.
8214 RG8 foam.......... ... ....... 48¢/ft.
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8267 RG213. ... ..o 59¢/ft.
8262 RG-58 c/u milspec.............. 18¢/ft.
8000 t4ga stranded copper ant. wire. .. . 13¢/ft.
8448 8 conductor rotorcable. . ........ 35¢/ft.
0405 as above but HD—2-16ga, 6-18ga. .60¢/ft.
8403 Mic cable 3 condctr & shield. .. ... 70¢/ft.
9258 RG8BX .. .. 21¢/ft.

POLICIES--MASTERCARDS, VISA or COD

Alt prices FOB Houston, Texas, except as noted
Prices subject to change without notice, subject to
prior sale Used gear sale price refunded if not
satisfied. Call anytime to check status of your order.
Texas residents add sales tax

FOR MORE INFORMATION CALL

outside Texas

1-800-231-3057

lexas and outside US.

4-743-520-7300

(Ea 3)

In designing a parabolic dish, Eq 3 is
more useful in the form

y2 = 4fX

y2 = 4D (f/D)X (Eq 4)

Eq 4 emphasizes that the focal-length-to-
diameter ratio f/D, generally set by the
illumination factor of the dish feed, is the
most important consideration in dish
design. Typical dish feeds work best with
f/D ratios between about 0.3 and 0.5. For
our 20-foot-diameter dish example, this
gives focal lengths of 6 to 10 feet, and
center depths of 4 feet 2 in. to 2 feet 6
in., respectively. Details on building dish-
es can be found in many VHF/UHF man-
uals. Next month, I'll continue the discus-
sion of the state-of-the-art 432-MHz
station.

Notes
IFor information, write Harold W. (‘‘Rusty’’)
LLandes, Jr, KABHPK, PO Box 126, St Mary of

the Woods, IN 47876.

2S. Powlishen, “An Optimum Design for
432-MHz Yagis,” QST, Dec 1987, pp 20-24, and
QST, Jan 1988, pp 24-30.
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THE ARRL

REPEATER
DIRECTORY

1988-1989
EDITION

CONNECT!

Interested in packet radio? The
1988-1989 ARRL Repeater Direc-
tory is for you. This is the most
complete compilation of digi-
peaters ever. There are over 1400
listed! The regular repeater user
will find over 13,000 listings plus
band plans, addresses of fre-
guency coordinators and CTCSS
(PL) tone chart. Pocket size. Avail-
able at your dealer or directly
from ARRL for $5.00 plus $2.50
for shipping and handling ($3.50
for UPS.)

THE AMERICAN RADIO RELAY ILEAGUE

225 MAIN ST.
NEWINGTON. CT 06111
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