Color Computer SSTV: Part |

Turn your CoCo into a complete SSTV terminal!
How? First, build this high-resolution display system.
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Photo A. Multimode display board, showing the physical
size of a production display interface. The board has 16K of
display memory.
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his two-part article de-

scribes a high-resolu-
tion display system for the
Radio Shack Color Com-
puter® (CoCo). This system
provides the CoCo computer
with more display capability
than any low-cost computer.
You might ask why you

Dr. Ralph A Taggart WBBDQT
602 lefferson Street
Mason M1 48854

should use your CoCo to
display and generate televi-
sion images, One answer is,
for communications.
Imagine taking your CoCo
with a hardware-software in-
terface and connecting it to
amateur-radio equipment
and transferring a picture to

Photo B. Multimode CoCo interface board, which plugs into
the expansion interface of the CoCo. A 26-pin flat cable inter-
connects the interface board and the display board.



someone miles away, or re-
ceiving weather-satellite
pictures. The digital-tele-
vision-display field is one
which has not been explored
by the amateur-computing
community, and only a
small amount of commer-
cial equipment exists for
such applications. In this ar-
ticle, instructions will be
provided to construct a card
to display high-resolution
images and provide inter-
faces to receive weather-
satellite pictures or ama-
teur-radio SSTV.

Before plowing ahead with
a lot of technical jargon and
confusing terms, some defi-
nitions are in order.

Background

In display terminology
two terms are particularly
important. These terms are
used also in television. The
first is pixel, and it relates to
the smallest element of a
picture which can be seen
on the TV screen. In normal
TV, the pixels are so small
that they tend to blend to-
gether to form a contiguous
image. In digital TV, a pixel
is a unit in the picture which
can be seen by the unaided
eye. Each pixel in digital TV
has an intensity or discrete
color. The main goal in dig-
ital TV is to place the most
pixels on a line to form the
smoothest image. To do this
as well as standard TV does
takes a lot of complex and
costly circuitry.

The second term is num-
ber of lines per picture. In
the USA, standard TV has
262 lines per frame or 525
lines per interlaced picture.
In digital TV, the number of
lines is often reduced from
normal TV for cost and sim-
plicity reasons.

If a digital-display system
could be developed around
a standard microprocessor
system, the system would be
very versatile. The few com-
mercial display systems
which have been developed
to date have some disadvan-
tages.

Expandability. Micropro-

cessors have been installed
in some of the new display-
system designs. All of these
units are not user-program-
mable. Most vendors would
rather provide users with
new units when their func-
tion is to be expanded. If a
system were to be based on
a commercial microproces-
sor with a good software
base, the system could be
expanded as technology
progresses.

Fixed Architecture. Most
commercial systems are built
around a large planar board
with lots of ICs and discrete
components. These units are
designed for a specific appli-
cation and a limited life
span. Adding interfaces like
FAX and other applications
is difficult. For this reason,
the modular approach of
functional units connected
to a microprocessor makes
good sense.

Up to a few years ago,
digital TV was not possible.
With the explosion of the
semiconductor industry, the
price of ICs has fallen to a
level which makes this eco-
nomically possible. Most of
the early digital TV scan
converters used were hard-
ware-only devices. These
units were very dumb and
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Fig. 1. System block diagram, showing the interconnection of
the computer and all the interfaces.

could only generate and dis-
play images. The explosion
of digital computers and the
incorporation of digital
displays in computers
makes the whole concept
very exciting. Once an im-
age is placed in the com-
puter, almost anything is
possible: communications,
image analysis by computer
for manufacturing inspec-

tion, medical applications,
or art forms for their own
sake.

Two applications will be
described in this article. The
first application is amateur-
radio slow-scan television;
the second is weather-satel-
lite reception. While the ap-
plications are similar in that
they require some means of
picture displaying and a
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Fig. 3. Display board schematic.
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Photo C. The prototype board by K6AEP was one of the first

display boards constructed. The board is plugged into a
CoCo. The board was point-to-point wired and is exactly like
the schematic in Fig. 3. All of these photos in part | of this arti-
cle were generated by this board. The same results can be
achieved by the commercial display boards.

of code have been devel-
oped. What will be provided
here is a technical descrip-
tion of how the software and
hardware interfaces func-
tion and the steps necessary
to develop code. You will
find it possible to modify the
concepts we present for in-
terfacing with any micropro-
cessor system.

The Display Criteria

Since the main goal of the
display card is to produce
quality images, it is impor-
tant to make the picture
density as high as possible.
This requires the addition of
RAM memory in which the
image will be saved and dis-
played. Experimentation
by many people over a peri-
od of years has determined
that a minimum of 128 pixels
per line is required for low-
resolution images, with at
least 16 gray levels. Some
experimentation which |
conducted in mid-1982 indi-
cated that a minimum of
256 colors per pixel is re-
quired to display low-resolu-
tion color-TV images.

Armed with this informa-
tion, a design criteria of 256
pixels per line, 16 gray
levels, on 128 lines was
defined for black and white
displays. This equates to a
display size of 16K of dis-

play RAM. With a little
clever programming and
slight reconfiguration of
data bits, a total of 256 col-
ors can be displayed for
each pixel with 128 pixels
per line on 128 lines.

Obviously, a system can
be constructed with higher
resolution, but as the digital-
display density increases so
do the cost and complexity.
Since this project was cre-
ated for the average hobby-
ist with a limited budget, the
above criteria seem adequate
for today’s technolgy.

Hardware Design

It is unfortunate that no
off-theshelf module or de-
sign provides the necessary
ingredient to display TV-
type images. Many manu-
facturers have developed
display-controller 1Cs for
computer terminals, but in
most cases they are unus-
able in TV applications. One
of the few ICs which make
the job easier is the Motoro-
la 6845. This IC is the heart
of the display board and
causes the image to be dis-
played.

The card is designed to at-
tach to the Radio Shack
TRS-80C Color Computer,
but the design concept is so
basic that it can be altered
to attach to any microcom-

Photo D. A multimode SSTV receive interface. This board is a
commercial version of the SSTV receive interface. The phys-
ical size is the same as the display board.

puter. The card functions by
first generating or placing an
image in the main memory
of the computer. The TV im-
age can be received through
a slow-scan demodulator at-
tached to the receiving
equipment then connected
to the joystick input of the
computer.

Another method of image
generation is to attach a spe-
cial hardware interface to
the display card and frame-
grab the image into the
display card from a TV cam-
era, At this time the TV-cam-
era interface has not been
developed. When using the
TV camera, the image will
be loaded into the video
card first and then trans-
ferred by computer soft-
ware to main memory.

System Description

Fig. 1 provides a block
diagram of the entire system.
The TRS-80C in this applica-
tion acts as an intelligent
controller. All interfaces are
very primitive and cannot
function without intensive
control from the computer,
When an image is to be dis-
played from the receiver,
the audio tones are first
detected by the display de-
modulator and converted to
two types of signals: sync
pulses and a dc voltage
which changes as a function
of the input audio fre-
quency. These signals are

connected to the CoCo’s
RS-232 input and the joy-
stick input.

The joystick input is ac-
tually an analog-to-digital
converter which can be used
to digitize slow-scan TV
video into picture informa-
tion. All of the operation is
controlled by software in
the CoCo. When digitized,
the pixels are transferred to
the display card and imme-
diately displayed. For
transmission, the image is
first created by software and
placed in the CoCo’s mem-
ory. To transfer the image to
a transmitter, the sync
pulses are controlled by the
RS-232 output line and the
video is controlled by the
computer’s cassette output,
which is a digital-to-analog
converter.

The above process is true
only for black and white
television. Color digital TV is
more complex. Color TV is
developed or transferred
from three image planes.
Each plane consists of the
three prime colors (red,
green, and blue). When the
three frames are mixed to-
gether, a color image is
formed. The image can then
be transferred to the display
card. The transmission
method of colored televi-
sion is either by frame-
sequential or by a colored
line-sequential multiplexed
method.
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The block diagram of the
display card is shown in Fig,
2 and the schematic is
shown in Fig, 3. The follow-
ing sections describe the
major functional parts of
the display board.

Display Board

The display board is at-
tached to the expansion port
on the side of the CoCo. This
port provides connection to
the address, data, and con-
trol signals of the 6809E

TRS-80

RS-232

MPU. Wiring to the CoCo
must be as short as possible;
less than one-half-inch leads
are a must. The data lines
are connected to both the
eight RAM ICs and the VDG
U18 (6845) display-controller
IC through a data bus trans-
ceiver (U20). The R-W line
determines if the CPU s
reading or writing to the
board.

In order for the display-
controller IC to function,
you must first write data to
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its 18 internal registers. Only
three address bits of the
6809 CPU IC are connected
to the card. These low-order
address bits select the mode
which you are performing.
The SCS line on the TRS-80C
connector is used to select
address FF40. The interface
E line is the enable signal
from the 6809 CPU. This line
is used to synchronize the
6845 to the CPU IC for
writing to its internal regis-
ters.

1. Functional Selection.
All internal functions of the
card are software-selected
by a U14 (74LS138). The
functions are shown in

ADDRESS SIGNAL
FF40
FF41
FF42
FF43
FF44
FF45
FF46
FF47

Spare
Spare

Table 1 and are described in
more detail in the program-
ming section of this article.

2. Random Access Mem-
ory. This card contains 16K
of display RAM (U1 to U8) in
eight 2K-by-8-bit 1Cs. Static
RAM was used so as to
make the design as simple
as possible. Dynamic RAM
has the adwantage of lower
cost but requires extra cir-
cuitry to develop RAS and
CAS signals, and it is dif-
ficult to correct and diag-
nose problems when they
occur. Simple changes can
be made to the circuit to
add more display memory.
Modifications have been
made to add 32K RAM. The
board can then display 256
pixels on 256 lines, black
and white. Television pic-
tures in this mode are start-
ing to approach standard US
TV quality pictures.

Control of read or write to
the RAM is determined by
U25 and U26. During most
of the time, RAM is in the
read mode. This causes the
video data to be valid on the
internal data bus. When data
is written, it is transferred to
and from the CoCo through
bus transceiver U20 to the
RAM ICs.

3. Video Display Gener-
ator. The VDG U18 is the
heart of the display board.
This integrated circuit has
18 registers. In order to
make the board operational,
the registers must be pre-
loaded befare a picture can
be displayed on the card.
This IC is used to develop
the video refresh timings of
the RAM. By simply chang-
ing the initialization values,
either 50-Hz or 60-Hz video
can be displayed.

An example of CRT initial-

VGO VDG controller address register
VG1 VDG controller data register

Reset—reset RAM address counter
Select—send picture data to card
Frame Grab—TV camera—reserved
Color—TV camera—reserved

Table 1.
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Fig. 6. Program example for SSTV/FAX receive, written in 6809
assembler language, to demonstrate how easily a receive rou-
tine can be written. The routine cannot be executed without

software additions.

ization is contained in the
programming section. The ini-
tialization constants were
chosen to display an image
with the minimum amount
of tearing and proper cen-
tering on a 9-inch RCA Color
Trak TV set. The TV set was
interfaced to the video card
by a Radio Shack rf modu-
lator.

4. The Master Clock. The
master clock is a crystal
oscillator operating at 6.144
MHz and is generated by a
74LS00 U21 IC. This crystal
frequency was chosen to
display an active picture
time of 42 microseconds.

The initialization software
of the 6845 is used to fine-
tune this display time. A
counter is used to divide the
clock frequency by 2 and 4.

5. The Internal Data and
Address Bus. The entire card
is designed to display an
SSTV picture continuously.
Since the card must be
powered by an external
source different from the
computer, power can be
dropped on the computer
and the display will still be
active.

When a picture is to be

displayed on the card, the
refresh process is inter-
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Fig. 7. Program example for SSTV transmission.

rupted for a few microsec-
onds. This causes a small
white line to appear on the
display. The direct memory
access (DMA) scheme used
on the card is very simple in
principle. Normally the ad-
dressing of RAM is from the
VDG through two tri-state
buffers, U16 and U17. When
the CPU writes to RAM, not-
RAM select is brought low
and the RAM address is gen-
erated by two counters, U10
and U11. At this time, VDG
buffers U12 and U13 are
floated on the address bus
and the counter buffers
drive the bus. After the RAM
has been written, the
counter advances to the
next address.

6. Display Data. The dig-
ital display data is latched
from the data bus at the cor-
rect time by the 74LS374

U24; the black and white is
twice the rate of the color.
The 7415374 U39 is latched
from the data bus every 650
nanoseconds. This data is
fed to both the black and
white and color modulators.
A multiplexer is used to feed
the black and white mod-
ulator. The multiplexer
7415157 U30 is clocked at a
rate of 325 nanoseconds,
which is 256 pixels per line
of SSTV.

7. Black and White Mod-
ulator. The black and white
modulator is fed from the
multiplexer, U30, which
feeds first the 4 low-order
bits (nibbles) then the high-
order nibble. The output of
the multiplexer is connected
to a simple digital-to-analog
converter (D/A) which con-
sists of a transistor and 10 re-
sistors.
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Photo E. RTM Circuit Board’s SSTV transmit interface placed

on a Tandy prototype card. The card can be plugged into a
card cage or a socket for ease of removal and repair.

Sync pulses are generated
by the VDG U13, are ORed
together by U27, then mixed
with video data in the single-
transistor D/A converter.
Since 4 bits are used, the
modulator is restricted to 16
possible gray levels per
pixel,

A picture-smoothing ca-
pacitor (1000 pF) was placed
across the 510-Ohm resistor
to ground at the D/A sum-
ming point. The value of this
capacitor can be optimized
to produce the picture most
desirable. The absence of
the capacitor produces a
more digitized picture.

8. Color-S5TV Modulator.

The color-SSTV modulator
consists of three ICs,
LM1889 U32, LM1886 U31,
and a 9602 U33. The SSTV
modulator functions by
clocking the picture data on
the latch. The data is next
transferred to the LM1886
which converts the digital
pixels to difference and
luminance signals. These
signals are internally con-
nected to the color modu-
lator which provides com-
posite color video.

Three additional signals
are provided to the LM1886,
blanking, sync pulse, and a
burst gate. The burst gate is
developed from a 9602

ASSEMELER CODE EXAMFLE TO INITALIZE THE CRT
CONTROLLER TO THE AFPROPRIATE RATES OF BTAMDARD

ELIGHT MODIFICATIONS WILL ALLOW FOR S HI

.
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"
.
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*
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# CRT CONTROLLER IC EBUATES

BAH1S Ci COMCRT FCE $C@
Ae14 BE FCB 128
Qa1 2 FCB 852
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Ba19 TF FCE &7F
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@510 B FCB @
BE1E #4 FCh @
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Fig. 8. Initialization of the display board; this is an example of
how the display board 6845 can be initialized.
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which is a dual single shot.
The burst gate serves as a
reference signal. The loca-
tion of the burst gate must
be adjusted to the correct
position on the horizontal-
blanking back porch. This is
the only adjustment on the
board.

The digital data to the
LM1886 (U32) is in the for-
mat of 3-by-3-by-2 bits of
red- green-, blue-frame in-
formation. For example, the
lower three bits of the byte
are the red-frame informa-
tion, the next three bits are
for the green frame, and the
most significant bits are for
the blue frame.

This configuration allows
for a possible 256 combina-
tions which are unique col-
ors. Since the LM1886
allows for nine bits of digital
data to be inputted, the LSB
is tied to the MSB of the
blue-frame input of the IC to
make the bit pattern com-
patible with the eightbit
display-data bus. This trick
allows for black and white
images to be displayed.
Without this modification,
the black and white images
would have a blue hue.

9. TV-Camera Interface. A
number of points are identi-
fied in the logic of the dis-
play-board interface for the
inclusion of a TV camera at
a later date. The camera in-
terface will function as fol-
lows: When the 741500 U9-5
is brought low, the counter
will drive the address bus.
The TV-camera pixel counter
will be incremented by the
input U9-9. The RAM read/
write is controlled by U26,
and the TV-camera input at
U25-12/13 will cause the
RAM to switch to the write
mode. Pixels can next be
written to the RAM from the
data bus.

Receive Demodulator

The receive demodulator
is a device which decodes
the SSTV tones into a dc
voltage proportional to in-
put frequency and digital
sync pulses. This circuit con-
verts video tones of 1500 Hz
and 2300 Hz to 0 volts and 5

volts, respectively, A fre-
quency of 1200 Hz converts
to a positive digital pulse.

The circuit consists of
four stages of filtering and
one stage of pulse shaping.
Its schematic is shown in
Fig. 4.

The decode by this circuit
is not only compatible with
SSTV but can also be used
to decode FAX pictures
transmitted commercially
on the HF frequencies.

The SSTV video enters the
demodulator through the
limiter circuit, U1l. The
limiter is connected to two
bandpass filters, UT and U2,
which have bandpasses of
approximately 1100 to 2400
Hz. These filters are con-
nected to two diode-dis-
criminator circuits which
are combined into a differ-
ential amplifier. The signal
at TP2 is the carrier frequen-
cy of the audio signal with
amplitude modulation. The
signal in this path with TP3
(U3 and U4) is a series of
bandpass amplifiers which
allow only the video com-
ponents of 1500 and 2300
Hz to be passed.

The path of TP4 and U4 is
used for the detection and
waveshaping of the sync sig-
nals. The Schmitt trigger,
7414, is used to develop fast
rise times of the sync signals
and to produce TTL-level
voltages. The sync output
from the circuit contains
both horizontal and vertical
sync pulses.

Modulator Circuit

The modulator interfaces
to the CoCo and is the cir-
cuit which produces the
SSTV audio tones for the
transfer of video informa-
tion in computer memory.
The interface, shown in Fig,
5, connects to the CoCo
through the RS-232 and cas-
sette-output ports. The cas-
sette-output port is a 6-bit
digital-to-analog converter.

The circuit functions as
follows. When the RS-232
output is raised, the modu-
lator outputs a sync fre-
quency of 1200 Hz. To gen-
erate video tones, a ground



NEW!

uniden
Beancat
Products

Communications Electronics,
the world's largest distributor of radio
scanners, is pleased to announce
that Bearcat brand scanner radios
have been acquired by Uniden Corp-
oration of America. Because of this
acquisition, Communications Elec-
tronics will now carry the complete
line of Uniden Bearcat scanners, CB
radios and Uniden Bandit™ radar
detectors. To celebrate this acqui-
sition, we have special pricing on the
Uniden line of electronic products.

Bearcat? 300-E

List price $549.95/CE price $339.00
7-Band, 50 Channel ®» Service Search » No-
crystal scanner ® AM Aircraft and Public
Service bands. ® Priority Channel » AC/DC
Bands: 32-50, 118-136 AM, 144-174,421-512 MHz
The Bearcat 300 is the most advanced automatic
scanning radio that has ever been offered to the
public. The Bearcaf 300 uses a bright green fluc-
rescent digital display, so it's ideal for mobile
applications. The Bearcat 300 now hasthese added
features: Service Search, Display Intensity Control,
Hold Search and Resume Search keys, Separate
Band keys to permit lock-in/lock-out of any band for
more efficient service search.

Bearcat® 20/20-E

List price $449.95/CE price $269.00
7-Band, 40 Channel ® Crystalless ® Searches
AM Aircraft and Public Service bands » AC/DC
Priority Channel ® Direct Channel Access ® Delay
Frequency range 32-50, 118-136 AM, 144-174,420-512 MHz
Find an easy chair. Turn on your Bearcal 20/20
and you're in an airplane cockpit. Listening to all
the air-to-ground conversations. Maybe you'll pick
up an exciting search and rescue mission on the
Coast Guard channel, In a flash, you're back on the
ground listening as news crews report a fast
breaking story. Or hearing police and fire calls in
your own neighborhood, in plenty of time so you
can take precautions. You can even hear ham radio
transmission, business phone calls and govern-
ment intelligence agencies. Without leaving your
easy chair. Because you've got a Bearcat 20/20
right beside it.

The Bearcat 20/20 monitors 40 frequencies from
7 bands, including aircraft. A two-position switch,
located on the front panel, allows monitoring of 20
channels at a time.

Bearcat® 210XL-E

List price $349.95/CE price $209.00
6-Band, 18 Channel » talless » AC/DC
Frequency range 32-50, 144-174, 421-512 MHz
The Bearcat 2 10XL scanning radio is the second gener-
ation scanner that replaces the popular Bearcat 210
and 211. It has almos! twice the scanning capacity of
the Bearcat 210 with 18 channels plus dual scanning
speeds and a bright green fluorescent display. Auto-
matic search finds new frequencies. Features scan
delay, single antenna, patented track tuning and more.

Bearcat® 260-E

List price $399,95/CE price $249.00
8-Band, 16 Channel ® Priority ® AC/DC
Frequency range 30-50, 138-174, 406-512 MHz
Keep up with police and fire calls, ham radic oparators
and other transmission while you're on the road with a
Bearcat 260 scanner. Designed with police and fire
department cooperation, its unique, practical shape
and special two-position mounting bracket makes hump
mounted or under dash installation possible in any
vehicle. The Bearcat 260 Is so ruggedly built for mobile
use that It meels military standard B10¢, curve y for
vibration rating. Incorporated in its rugged, all metal
case is a specially positioned speaker delivering 3 watts
of crisp, clear audio.

» See List of Advertisers on page 88

NEW! Bearcat® 201-E

List price $279.95/CE price $179.00
9-Band, 16 Channel ® Crystalless ® AC only
iority ® Scan Delay ® One Key Weather
Frequency range 30-50, 118+136 AM, 146-174, 420-512 MHzZ
The Bearcat 201 performs any scanning function you
could possibly want. With push button ease, you can
program up to 16 channels lor automatic monitoring.
Push another button and search for new frequencies.

There are no crystals to limit what you want to hear.

NEW! Bearcat® 180-E

List price $249.95/CE price $149.00

8-Band, 16 Channel ® Priority ® AC only
Frequency range: 30-50, 138-174, 406-512 MHz
Police andfire calls. Ham radlo transmissions. Business
and government undercover operations. Youcanhearit
all on a Bearcat 180 scanner radio. Imagine the thrill of
hearing a major news event unfold even before the
news organizations can report it. And the security of
knowing what's happening in your neighborhood by
hearing police and fire calls in time to take precautions.
There's nothing like scanning lo keep you in-the-know,
and no beiter way toget scanner radio performanceata
value price than with the Bearcal 180,

Bearcat® 100-E

The first no-crystal programmable handheld scanner.
Llst price $449.95/CE price $234.00/SPECIAL!
8-Band, 16 Channel ® Liquid Crystal Display

Search ® Limit ® Hold ® Lockout ® AC/DC
Frequency range: 30-50, 138-174, 406-512 MHz

The world's first no-crystal handheld scanner has
compressed into a3" x 7" x 1%" case more scanning
power than is found in many base or mobile scanners.
The Bearcat 100 has a full 16 channels with frequency
coverage that includes all public service bands (Low,
High, UHF and “T" bands), the 2-Meter and 70 cm.

Uniden® PC33-E

List price $59.95/CE price $44.00

The Uniden PC33 boasts a super-compact case and
front-panel mike connector to fit comfortably in today's
smaller cars. Controls: Power & Volume, Squelch;
Switches: ANL. Other features of the PC33 include
Graduated LED “S"/RF Meter, Digital channel indicator.
Dimensions: 6” W x 6" D x 1% H. £13.8 VDC.

Uniden® PC55-E

List price $88.95/CE price $59.00

The full featured Uniden PC55 front-panel mike con-

nector makes installation easier when space isafactor.
It has ANL, PA-CB, Channel 8 and RBF Gain swilches.
LED "S"/RF meter, TX lite, PA & external speaker jacks.
Dimensions: 6 W x 6 D x 1%" H. £13.8 VDC.

Bandit™ Radar Detectors

Now that everyone else has taken their best shot at
radar detection, the Uniden Bandit™ has done them
one better...with E.D.L.T.] the Electronic Data
Interference Terminator that actually edits-out
false alarm signals.

The Bandit55, features a convenient brightness/
dimmer control for comfortable day or night driving,
plus a handy highway/city control for maximum
flexibility wherever you drive. The Bandit 95 Remote,
is a two-plece modular unit that lets you mount the
long-range radar antenna behind the grill, out of
view. The ultra-compact control unit can then be
inconspicuously tucked under the dash or clipped
to the visor.Order Bandit55-E for $119.00 each or
the Bandit 95-E Remote for $139.00 each.

OTHER RADIOS AND ACCESSORIES
FB-E-E Frequem:y Directory for Eastern U.S.A.....$12.00
FB-W-E F Di y for W nU.SA...$12.00
BC-WA-E Bearcal Weather Nert $35.00
ABO-E

Amateur bands, plus Military and Federal Go
frequencies. It has chrome-plated keys for I'undlons
that are user controlled, such as lockout, manual and
automatic scan. Even search is provided, both manual
and automatic. Wow..what a scanner!

The Bearcat 100 produces audio power output of 300
milliwatts, is track-tuned and has selectivity of better
than 50 dB down and sensitivity of 0.6 microvoits on
VHF and 1.0 microvolts on UHF. Power consumption is
kept extremely low by using a liquid crystal display and
exclusive low power integrated circuits.

Included in our low CE price is a sturdy carrying case,
earphone, battery charger/AC adapter, six AA ni-cad
batteries and flexible antenna. The Bearcat 100 is in
stock for quick shipment, so order your scanner today.

Bearcat® DX1000-E

List price $649.95/CE price $4898.00
Frequency range 10 kHz to 30 MHz.
The Bearcat DX1000 shortwave radio makes tuning in
London as easy as dialing a phone. It features PLL
synthesized accuracy, two time zone 24-hour digital
quartz clock and a built-in timer to wake you to your
favorite shortwave station. It can be programmed to
activate peripheral equipment like a tape recorder to
record up to five different broadcasts, any frequency,
any mode, while you are asleap or at work. It will receive
AM, LSB, USB, CW and FM broadcasts.

There's never been an easler way to hear what the
world has to say. With the Bearcat DX1000 shortwave
recelver, you now have direcl access to the world.

Uniden® PC22-E

List price $159.95/CE price $99.00

The Uniden PG22 is a 40 channel AM remote mobile CB
radio. It's the answer for today’s smallercarswhich don't
always provide adequate space for mounting. Since all
the controls are on the microphone, you can stash the
“guts” in the trunk. The microphone has up/down
channel selector, digital display, TX/RX indicator and
external speaker jack. Dimensions: 5%" Wx7%" D x
1%" H. 13.8 VDC, positive or negative ground.
QUANTITY DISCOUNTS AVAILABLE
Order two scanners at the same time and deduct
1%, for three scanners deduct 2%, four scanners
deduct 3%, five scanners deduct 4% and six or
more scanners purchased al the same time
earns you a 5% discount off our super low
single unit price.

Extraneous Signals ?

Boith Bandit™ radar detectors feature E D 1T the
Elecrronic Data Interference Terminator thar edits-out
false alarm sugnals

A mount mobil = =
ATO-E Base Slationantenna.......................
Mdssmmwmlwwawemnesmmﬁemlm
Add $3.00 shipping per
BUY WITH CONFIDENCE

To get the fastest delivery from CE of any
product in this ad, send or phone your order
directly to our Scanner Distribution Center.”
Michigan residents please add 4% sales tax or
supply your tax |.D. number. Written purchase
orders are accepted from approved govern-
ment agencies and most well rated firms at a
10% surcharge for net 10 billing. All sales are
subject to availability, acceptance and verifica-
tion. All sales on accessories are final. Prices,
terms and specifications are subject to change
without notice. All prices arein U.S. dollars. Out
of stock items will be placed on backorder
automatically unless CE is instructed differ-
ently. A $5.00 additional handling fee will be
charged for all orders with a merchandise total
under $50.00. Shipments are F.O.B. Ann Arbor,
Michigan. No COD's. Most products that we sell
have a manufacturer's warranty. Free copies of
warranties on these products are available
prior to purchase by writing to CE. International
orders are invited with a $20.00 surcharge for
special handling in addition to shipping charges.
Non-certified checks require bank clearance.

Mail orders to: Communications Electron-
ics;” Box 1002, Ann Arbor, Michigan 48106
U.S.A. Add $7.00 perscanner, radar detector or
CBor $12.00 per shortwave receiver for U.P.S.
ground shipping and handlingin the continental
U.S.A. For Canada, Puerto Rico, Hawaii, Alaska,
or APO/FPO delivery, shipping charges are
three times continental U.S. rates. If you have a
Visa or Master Card, you may call and place a
credit card order. Order toll-free in the U.S. Dial
800-521-4414. In Canada, order toll-free by
calling 800-221-3475. WUI Telex CE anytime,
dial 671-0155. If you are outside the U.S. orin
Michigan dial 313-973-8888. Order today.
Scanner Distribution Center™ and CE logos are trade-
marks of Communications Electronics” Ad# 070184-E
: is a reg ed I k of Uniden Corporation.
Copyright© 1984 Communications Electronics

OrderToll Free...call

1-800-521-4414

Al COMMUNICATIONS
ELECTRONICS™
Consumer Products Division

818 Phoenix O Box 1002 O Ann Arbar, Michigan 48106 U.S.A
Call TOLL-FREE 800-521-4414 or outside U.S.A. 313-973-8888
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Photo F. A color-SSTV picture displayed on a Tl color
monitor attached to the K6AEP prototype display board. The
picture was received over amateur radio on 28.680 MHz by
the TRS-80C and saved on tape, The picture was generated by
WBOUNB in St. Louis, Missouri.

potential is applied to both
the RS-232 output and the
video input. This causes a
video frequency of black
1500 Hz to be outputted.
When the video level is in-
creased to approximately
1.1 volts by outputting a dig-
ital F to the cassette-output
port, a frequency of 2300 Hz
is generated. By the use of
software, an SSTV picture
can be generated by soft-
ware and transmitted.

The Software

The preceding section
provides you with a com-
plete description of the
hardware requirements for
SSTV applications. Obvious-
ly, the hardware performs
few useful functions with-
out the software. The intent
of the hardware design is to
place the burden of all tim-
ings and control on the soft-
ware. This allows for the
maximum utilization of all
hardware interfaces. There
are the following limiting
factors.

Microprocessor Speed.
The reception or transmis-
sion of images is limited by
the rate at which the instruc-
tions can be executed by the
CPU. Fortunately, the 6809

microprocessor is very fast
due to its rich instruction set
and its ability to process
16-bit data even though the
processor is on an 8-bit data
bus.

Internal Analog-to-Digital
Converter. All of the pre-
ceding interfaces are based
upon the use of the internal
analog-to-digital converter
in the TRS-80C. This feature
is used to process joystick
inputs when playing games
The A/D converter uses a
simple successive-approxi-
mation technique and is
driven by the microproces-
sor. When this technique is
used, the conversion rate is
quite slow. The tightest loop
which can be written to uti-
lize this feature allows for
the conversion of 4 bits of
data in approximately 75 mi-
croseconds. Even though
this is slow, the rate is suffi-
cient to allow for SSTV and
FAX reception.

Software Functions

In this section, the soft-
ware and hardware will be
described in a simple, broad,
overview approach. The
principles described can ap-
ply to SSTV, FAX, or any
other communications mode
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Photo G. A color-SSTV picture generated by WOLMD and
placed on audio cassette tape and loaded into the TRS-80C.
This picture shows the effect of color contouring Since the
display has only 256 possible colors, the shading in the flesh-

tone regions are noticeable.

which uses a slow rate of
transmission or reception.
Normally this type of soft-
ware is called firmware or
microcode. Since the soft-
ware is extremely time-de-
pendent, care must be taken
with each instruction writ-
ten to make the time as
short as possible, The de-
scription of the software
routines will be general
enough so that they can be
recoded for any general-pur-
pose microprocessor. One
important point is that all
software must be written in
the microprocessor’s native
assembler language. High-
level languages are too
slow. Even the most effi-
cient compilers are too slow
for SSTV applications.
Receive Software. In Fig. 6
is a simple routine which will
receive a picture through an
interface attached to the
CoCo joystick and RS-232 in-
put ports. The interface can
be either the SSTV receiver
(Fig. 5) or the FAX receiver
(Part 1l of this article). In
both cases the software is
identical. The only change
in both modes is the delay
between pixel reception.
The software routines pro-
vided are not complete but

they do provide an example
to readers ambitious enough
to learn assembler-language
programming. The program
functions as follows

The first six lines of code
initialize program constants
for the correct number of
lines and place the CoCo
multiplexer to the correct
joystick-input-connector
pin. The hardware counter
PORT3 is reset to the upper
lefthand corner of the pic-
ture area. As soon as a ver-
tical sync signal is received
on the interface, the pro-
gram starts to digitize the
picture.

The A/D routine converts
the analog input voltage to
four digital bits and places
this information into the
lower nibble of a byte. The
byte is next placed on the
stack, and a software delay
is executed. Upon comple-
tion of this delay, the next
A/D reading is converted.
These two values are next
added together on the stack,
then placed into RAM, and
simultaneously displayed
on the video card.

The byte in RAM is the
same format as the byte on
the video card. In the black
and white format, the byte
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contains two pixels of 4 bits
each. In the color format,
each byte of the displayed
picture has three bits for
each color plane except for
the blue color. Each time a
byte is loaded into the video
port, the hardware counter
is incremented by one value.
This places the DMA ad-
dress counter to the next
location in RAM where the
next pixel will be written.
Transmit Software. Fig. 7
contains a simplified exam-
ple of how an SSTV transmit
routine can be written. This
example, like SSTV receive,

is very general and is pro-
vided only as an example to
allow for a guideline for de-
velopment of more complex
code.

The software starts off by
placing the picture con-
tained in memory onto the
display card. This is accom-
plished by a simple block
move of data to the display
card. Prior to the block
move, the card hardware
counter is reset to zero and
16K bytes are taken from
RAM and transferred to the
video card. Each time the
byte is stored at the video-

Parts List

Display Board 20 0.1 4F
ICs 1 10 uF
8 U1-U8 TMM2016or6116 1 Variable cap, 9-35 pF
1 U9 74LS00 1 Crystal, 6.144 MHz
2 U10,U11 74LS393 1 Crystal, 3.579545 MHz
2 U12,U13 74LS244
2 U14,U15 74LS138 SSTV Modulator
hos tmn - T

1 0.033 uF Mylar™

1 us 6845 1 0.01 uF Ceramic
1 U19 7441593
1 U20 7415245 P 1w 4
1 U21 74LS00 2 2000hms % W, 5%
1 U2 74LS11 2 5.1k Ya W, 5%
1 U2 74LS367 ! s ot
1 U24 741802 ) ger b
1 U5 74L.S00 1 39k Ya W, 5%
1 U2 74125 1 47k 4 W, 5%
1 U7 741802 1 1K Trimpot
1 U28 741505 1 5k Trimpot
1 U29 7415374 1 50k Trimpot
1 U30 74L.8157
1 U31 LM1886 SSTV Receive Interface
1 U32 LM1889 4 IC1-4  MC1458
1 U33 9602 1 IC5 7414
Transistors Resistors
2 2N3904 1 620 Ohms % W, 5%
Resistors 2 1.0k Ye W, 5%
1 750hms % W, 5% : = o B
2 150 Ya W, 5% B 4.7k Ya W, 5%
2 220 Ye W, 5% 11 10k Va4 W, 5%
2 470 Y W. 5% 3 15k Ya W, 5%
1 510 UA W. 5% 2 18k Ya W. 50/0
1 600 o W, 1% 1 20k Ya W, 5%
1 680 Vi W, 5% 3 30k Ya W, 5%
8 1k Yi W, 5% 3 82k Ya W, 5%
1 1.2k Yie W, 1% 1 220k Ya W, 5%
1 2.4k oW, 1% 1 47M Ya W, 5%
1 4.7k Ya W, 5% 1 1k Trimpot
1 5.1k v" W, 1% 1 10k Tﬂmpol
2 5.1k Ya W, 5%
1 10k Ye W, 5% 3 *0.0047 uF Mylar™
2 50k Trimpot 1 *0.01 uF Mylar
Capaciiors . *0.022 uF Mylar
3 43 pF Mica 2 *0.068 '.IF Mylar
2 100 pF  Mica 1 *25 uF- Mylar
1 1000 pF Mica Small Signal Diodes
1 0.001 yF 8 *1NO14
1 0.01 uF " Or equivalent.
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card address, the hardware
automatically increments
the RAM address to the next
location.

The transmission process
starts off by issuing a ver-
tical sync pulse. This pulse
allows for the receiver on
the other end of the trans-
mission path to reset the pic-
ture to the top of the screen.
In the following steps, a pic-
ture byte in memory is loaded
into the A accumulator.
Each nibble is formatted into
the lower nibble of a byte.
This byte is next used as an
offset to a lookup table in
memory which will convert
the address to an appropri-
ate digital signal which can
be transferred to the D/A
converter in the CoCo. This
signal will then be trans-
ferred to a vco (variable fre-
quency oscillator or modu-
lator) which converts this
signal to a sinusoidal fre-
quency in the audio range.
This resultant signal is SSTV.

The program continues to
transmit pixels until 256 pix-
els are transmitted. At this
time a horizontal sync pulse
is transmitted. The program
next checks if 128 lines have
been transmitted. If so the
whole process is terminated.
If not, the program contin-
ues to transmit pixels.

CRT Controller Initializa-
tion. Fig. 8 contains a soft-
ware routine which will ini-
tialize the 6845. The routine
takes 16 bytes of data in the
table CONCRT and stuffs
them into the controller reg-
isters. This process is ac-
complished by first present-
ing the controller register
number to the IC. Next the
data byte is loaded into the
accumulator then trans-
ferred to the card.

The display constants in
CONCRT are for a standard
60-Hz display system. To
revise the formats to 50 Hz,
625 lines, registers 1 and 5
must be changed. The val-
ues should be selected by
trial and error.

Hardware Construction

The hardware mentioned
above can be constructed

on prototype cards or as-
sembled from printed cir-
cuit boards. To assemble the
display interface on proto-
type cards takes a lot of
work and is vulnerable to
errors. Problems experienced
with prototyping the card
have included: grounds con-
ductors were too small, too
few bypass capacitors on
power lines, and hardware
counters U10 and U11 re-
quired a small capacitor on
the counter-reset line.
Despite these problems,
about 5 boards have been
constructed to date with ex-
cellent results.

Photo A shows the multi-
mode display board." This
interface is very compact
and its design is slightly dif-
ferent from the one shown in
Fig. 3. The board is attached
to the computer through a
short cable (see Photo B).

Photo C shows the orig-
inal prototype card con-
structed by K6AEP. The card
was point-to-point solder-
wired on a prototype SS$-50
computer interface card. A
small adapter card was con-
structed to plug into the
CoCo expansion interface.
(An etched PC board or
completely assembled ver-
sion of this card is available
from L. W. InterFace.?

The SSTV receive and
transmit interfaces are avail-
able in a number of forms.
Photo D shows the multi-
mode receive-board inter-
face card; Photo E is a
transmit interface from
RTM Circuit Boards.?

All boards can be placed
in a cabinet with the appro-
priate power supplies of 5
volts (1 Amp) and *+12 volts
(100 mA). Cables can be
made to attach to the com-
puter and receivers.

Part Il of this article will
describe the FAX hardware.

Conclusions

The computer approach
to displaying images is a
very cost-effective method.
Most alternative methods
available are limited in func-
tion and are considerably
more costly. The commer-



cial units have one advan-
tage in that they can be pur-
chased and plugged into the
wall and they are opera-
tional. The computerized
system described takes a lit-
tle more work, but it is ex-
tremely flexible and not sub-
ject to obsolescence as are
its commercial counterparts.
The results achieved with
the system described here
rivaled those of commercial
counterparts.

Photo F is a typical color
image, 128 pixels per line on
128 lines, 256 colors per pix-
el. Photo C is another color-
SSTV image which shows
the resolution of the display
board on facial flesh tones.
This type of image is the
hardest type to display. This
picture shows color con-
touring due to the 256 colors
per pixel. Photo H is another
color picture with computer-
graphics overlays generated
by software. The picture is
the same as Photo G but re-
duced in size by one half.
The colored image was

Photo H. A color-SSTV picture with graphics. This picture is
the same as Photo G, but reduced in size by software and
placed in the center of the image area. The graphics were
generated by software and placed around the picture. The
graphics and picture were all generated by the K6AEP SSTV
7.6 Revision 2 program.

moved to the center of the were distributed around the
display screen and graphical picture.
characters of various colors Better results can be

achieved with 32K of dis-
play memory, but photos
were not presented in this
article for this mode. The
black and white images de-
veloped by this display den-
sity approach fast-scan TV
quality.

More photos will be pre-
sented in Part Il of the arti-
cle, on the FAX application.

Obviously a project of
this magnitude is not a one-
person effort. Some of the
people who contributed
were Ron Adair K5HFT of
Multimode Corporation,
Bob Blackstock WB5MRG
who helped with the display-
board design, Larry Fritz
AGBO of L. W. InterFace,
and Bob Wilson WBORTM
of RTM Circuit Boards.
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here i1s the next generation Repeater

MARK 4CR

No other repeaters or controllers match
Mark 4 in capability and features. That's
why Mark 4 is the performance leader at
amateur and commercial repeater sites
around the world. Only Mark 4 gives you
Message Master real speech ® voice
readout of received signal strength,
deviation, and frequency error ® 4-
channel receiver voting ® clock time
announcements and function control » 7-
helical filter receiver ® extensive phone
patch functions. Unlike others, Mark 4
even includes power supply and a
handsome cabinet.

Call or write for specifications on the
repeater, controller, and receiver winners.
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The only repeaters and controllers
with REAL SPEECH!

Create messages just by talking. Speak any phrases or
words in any languages or dialect and your own voice
is stored instantly in solid-state memory. Perfect for
emergency warnings, club news bulletins, and DX
alerts. Create unique ID and tail messages, and the
ultimate in a real speech user mailbox — only with a



