The

Romscanner

Here's an easy-to-build,

low-cost source for
SSTV images!

By Dr. Ralph E. Taggart, WB8DQT

602 S lefterson St
Mason, M1 48854

14.230 MHz on 20 meters will

confirm the extent to which full-
color operation in both standard and high-
resolution formats has captured the fancy
of the SSTV community. Currently
available commercial equipment for STV,
in the form of the Robot™ Research 450C
and 1200 digital scan converters, provides
operating features undreamed of only a few
vears ago. Unfortunately, while such equip-
ment performs flawlessly, the cost of this
technology, coupled with the price of color
monitors and cameras, appears to limii the
options for those who would like 1o start
SSTV in a modest way.

Alternatives for multimode SSTV recep-
tion do exist in the form of microcomputer-
assisted S8TV scan converters that are far
less expensive than their commercial
counterparts.' While such systems do an ex-
cellent job of displaying SSTV, their
capabilities for transmission are typically
limited to retransmitting an image already
in memory, or relatively simple graphics for
call signs, CQs, etc. Upgrading to “live””
camera operation involves additional hard-
ware, and, of course, a standard TV
camera that serves as the source from which
the digital circuits capture or ‘‘snatch’ the
SSTV image. The time-honored option for
new operators is to have an active SSTV
station prepare a set of taped images using
pictures supplied by the newcomer. This
provides basic image material for the new
station, but tape handling is clumsy (vou

Q few minutes spent tuning around

'Notes appear an page 27.

have to locate the precise picture you want),
tapes decline in quality with continued use
and RF feedback is an ever-present
possibility because of the minimal shielding
of small cassette recorders.

Newcomers to SSTV are not the oniy
ones with probiems. The casual or part-
time operator needs a source of pictures for
accasional Q8Os without the fuss and
bother of firing up the camera, adjusting
the lights and composing a good-looking
picture. Many operators have such a small
area devoted to the station that it is imprac-
tical to have lights and cameras out and
ready at all times for the sake of an
occasional contact. As a conseguence,
many—perhaps most—SSTV-equipped
stations simply “‘look in’” without actually

getting on the air. There is even a problem |

with the gung-ho SSTV types who have the
latest in color scan converters., The average
amateur may not feel particularly colorful,
and there is a tendency to transmit flashy
golor pictures rather than pictures of the
operator, shack or family, This is unfor-
tunate because Amateur Radio represents
people-to-people communications, and it
seems a shame not to see the operator on
the other end, particularly in the case of a
first QSO.

The Romscanner is a device created to
meet all these problems. Basically it is a
digitai *black box*’ that performs a single
function—the transmission of standard-
format SSTV images (128 line/8.5 seconds)
that have been preprogrammed into reud
only memory (ROM). The Romscanner can
handle as many such canned pictures s you
wish, and since the images are stored per-

manently, they are avaitable for immediate
transmission at the flick of a switch. For
the newcomer or casual SSTV operator, the
Romscanner can provide the primary
source of pictures. For the fully equipped
operator, it holds all the basic CQ and ID
images and pictures of the operator, shack
or family. Any of these can be sent at a
moment’s notice, while the station camera
is devoted to color material. The Romscan-
ner is a stand-alone unit that will function
with any SSTYV station, from a simple P7
monitor to the most elaborate camera/
color-scan-converter system.? {1 is extreme-
ly simple to construct, with only eight ICs
plus a ROM for each picture you wish to
store. Finally, it incorporates ail of the
fundamental principles of digital-image
storage and thus provides a good lesson in
digital SSTV fundamentals at a low cost.

Circuit Description

Refer to Fig 1. Five circuit modules, or
subsystems, will be described—ithe
memory, clock and address counters, sync
circuits, data output and subcarrier
modulator.

Memory

The ‘“‘standard” SSTV format uses a
128-line picture that is transmitted at the
rate of 15 lines/second for a total frame
time of 8.5 seconds. To provide acceptable
resolution in the basic format, each line is
digitized into (28 picture elements {pixeis),
each of which is coded as one of 16 possible
gray-scale values ranging from 0 through
15. The memory capacity required to store
one SSTV picture is related to the total
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Fig 1—Schematic diagram of the Romscanner circuit. Individuai IC bypass capacitors are not shown (see texti. An * next to an IC pin number
indicates that the number is repeated for clarity. Look for the same pin number elsewhere on the same IC dlagram.

U1, U4, Us—NESS5 timer.
U2, U3—74L8383 dual 4-bit binary counter.
U6—2764 (8K x. 8) UV erasable PROM.

number of pixels in the image, and the
number of bits required to code the gray-
scale value for each pixel. The total number
of pixels is 128 (pixels/line) < 128 (total
number of lines) or 16,384. The 16-step
gray scale requires 4 bits/pixel, so the total
memory requirement is 4 x 16,384, or
63,536 bits. The Romscanner uses erasable
programmable read only memory
(EPROM) that is typically organized in
terms of 8-bit units (bytes). Our storage re-
qguirement, expressed in bytes, is thus
63,536/8 or 8192 bytes/image.

Two available EPROM chips, the 2764
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U7—741 8157 quad 2-line to 1-line multiplexar,
Ud—741 op amp.
LI9—EXAR 2206 monalithic tunction generator.

and 68764, both meet this requirement
exactly since they contain 8192 x §
memory cells, and thus will hold one SSTV
image. The 68764, a 24-pin device, was
used in the prototype, since they were
available as leftovers from another project.
This chip presently costs about $14 in unit
guantities, compared to oaly $5 for the
28-pin 2764. Fig | shows the circuit based
on the 2764 chip. Table 1 shows the
equivalent pinouts for the two devices.
Functionally the two chips are identical.

Each byte of EPROM will store data for
two pixels, since only 4 bits are required for

U10—7505 5-V regulator..
U11—Mostek DC-10 vollage converter.

each pixel. Each pixel pair is formatted as
follows with reference to the eight data-
output lines of the EPROM.

‘O7—Pixel 2 (MSB)
High j 0O6—Pixel 2
Nibble §05—Pixel 2

- O4—Pixel 2 (LSB) | One
O3—Pixel 1 (M3B)[ Byte
Low 02—Pizxei 1
Nibble }O1—Pizel 1

OB—Pixel 1 (LSB)

Essentially -the first pixel of each pair
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resides in the low “‘nibble™ (4 bits) of each
byte while the second pixel is in the high
nibble. The pixel pairs are arranged sequen-
tially with the first pair (upper left corner
of the display) located at memory address
0 (80000) and the final pair {(lower right
corner of the display) at memory address
8191 ($1FFF).

Getting the data out of the EPROM re-
quires a total of 13 address lines (A#-A12),
which are generated by a series of binary
ripple counters. If the clock that feeds the
counter chain is properly adjusted, the

output of data will be at the proper rate to
provide the reguired 15 lines (128 pixels)
each second.

We have not discussed how the image
data get into the chip to begin with. We will
cover this later in the Image Programming
section.

Clock und Address Counters

The system clock and address counters
are extremely simple, but effective. Ul is
used in an astable configuration and ad-
justed to a frequency of 7680 Hz by the

Table 1

Comparison of Pinouts for the 2764 and
68764 EPROMs

Function 2764 68764
Ad 10 &
Al 9 7
A2 8 3]
A3 7 5
Ad & 4
A5 5 3
AB 4 2
AT 3 1
AS 25 23
A9 24 22
Al 21 19
Al 23 18
Al2 2 2
(0]] i1 (8w} 3
(83} 12 Daly 10
Q2 13 {DQ2) 11
o3 15 DAy 13
Q4 16 Q4 14
(o033 17 (DQ5) 4
Q06 18 (DQB) 16
Q7 19 (DQ7 17
Enable 20,22 20
Ground (V) 14 i2
+5V (V) 28 24

10-k{! CLOCK potentiometer. This signal is
routed through a fotal of 16 binary divider
stages contained in two counters, U2 and
3. The outputs of the first two counter
stages (pins 3 and 4 of U2) are not used.
Output 3 (pin 5 of U2) provides a 960-Hz
signal that is used {o differentiate the in-
dividual pixel data in the output multiplexer
(see Data Output). Output 4 {pin 6 of 112)
is the basic byte clock frequency (480 Hz)
and functions as address line Ag with all
of the remaining outputs providing lines A1l
through All. The address counters are
controlled by the HOLD/RUN switch, S1. In
the HOLD position, the counter reset lines
are pulled high by a 1-kQl resistor. To
retrieve a picture, the switch is set to RUN,
which pulls the reset fines low and triggers
the counters. This arrangement assures that
you always start at the beginning of the
image in memory. As long as the switch re-
mains in the RUN position the image data
will output continuously, beginning with
the first memory location and proceeding
to the last, after which the cycle will repeat
until the switch is returned to the HOLD
position.

Sync Circuits

The standard SSTV format requires that
the signal have a 5-ms burst of 1200-Hz
horizontal sync at the start of each line
(15-Hz rate) and a 30-ms burst of 1200-Hz
vertical sync at the start of each frame. Ad-
dress line A5 toggles at the required 15-Hz
fine rate and drives a 5-mis single shot (U5)
that provides a TTL high at the start of
each line. Address line Al2 toggles once
every 8.5 seconds (0.117 Hz) and drives a
30-ms single shot (U4) that produces a
30-ms TTL high at the end/beginning of
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Fig 2-~An intemal view of the prototype unit showing the general parts layout and the simplicity
of the overall circuitry. The rear apron has anly two jacks—one tor +12- to 14-V de¢ and the
other for SETV output. Front-panel controls include an image selector switch on the lett, a
central Lever control and the rolomun switch on the right. The clock oscillator, single shots and
address counters are aligned aleng the left side of the board, and most of the visible wiring
represents the 13 address lines for the EPHOM bank. Two stacked EPROMSs, In & zero insertion
force socket, are visible in the upper right. The output multiplexer is immediately beiow the
EPROM stack—below that are the op amp and subcarrier generator. The large, square black
module is the Mostek DC-10 voltage converter that supplies negative voltage for the op amp.

each memory scan or frame. The two TTL
sync pulses are mixed by Q1 and Q2 to pro-
vide a composite TTL signal that is high
for the duration of both the 5-ms horizon-
tal and 30-ms vertical sync pulse intervals.
‘T'his composite signal provides the sync
drive to the subcarrier modulator {U9).

Since the vertical syne pulse is produced
at the end of each memory scan, the first
image vut of memory would normatly lack
a pulse to reset the dispiay at the other end.
This is prevented by using the HOLD con-
tact of 81 to ground the collector of Q1 and
the base of Q2 when the switch is in the
HOLD position, forcing the subcarrier
oscillator to 1200 Hz (sync). This ensures
that the display system at the receiving end
will be reset at the start of the first image
scan when the HOLD/RUN switch is set to
RUN,

Data Output
Each time the acddress lines toggle by one
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count (referenced to A@), eight bits of
output data are available from the new
memory location on lines O#-Q7, These
cight data bits represent two pixels of image
data and must be sorted out if we are to
reproduce the image as stored in memory.
This i3 achieved using an §- to 4-bit
multiplexer (U7) that is connected to the
memory data lines, This chip functions as
a 4PDT switch, controlled by the 960-Hz
signal applied to pin 1 from the timing
vhain. Wired as shown, the lower Tour bits
of each output byte {pixel 1) are routed to
the four output lines during the first half
of each byte cycle while the upper four bits
{pixel 2} are routed to the output lines
during the second half of each address
cyele. The required digital-to-analog con-
version is accomplished by a summing
amplifier (UB) that is driven by the four
multiplexed output lines through a
weighted resistor network. The output of
U8 is thus one of 16 possible discrete

voltage levels, based on the coding of the
4-bit pixel data. Guain and offset of the
summing amplifier are adjustable to
provide the voltage required to swing the
subcarrier modulator from 1500 Hz (black)
to 2300 Hz {white).

Construction

The circuit is extremely simple, by digital
S8TV standards, and can be constructed
using perf board. There is nothing par-
ticularly critical about layout, since
everything operates at mid-range audio or
lower, The CLOCK, GAIN, OFFsET and SYNC

_ potentiometers should be mounted on the

board and the LEVEL potentiometer
located on the front panel, ideally, the
LEVEL conirol should be an audio-taper
unit to minimize level-setfing sensitivity.
The other essential front-panel control is
the HOLD/RUN switch as well as a selector
switch if vou want multiple EPROMSs (see
Multiple EPROM discussion that follows),
The use of a zero insertion foree socket for
the EPROM is recommended so that
EPROMs can be checked out without
damaging either the chips or the socket with
repeated removals and insertions.

The prototype unit is powered from a 12-
to 14-V dc supply with the + 5 V provided
by a 7805 (LM340T-5) regulator. The
prototype, with two 68764 EPROMSs,
draws approximately (70 mA, and a
33-ohm, 2-W resistor was placed in series
with the T805 to reduce regulator power
dissipation to the point where a small heat-
sink was sufficient for cooling. Using
multiple EPROMSs will increase the current
demand. The proper vaiue for the series
resistor should be calculated, based on the
current drawn, to provide approximately
7V at the regulator input. The accuracy of
your calculation is not seripusly affected if
you assume that all the indicated power
supply current is drawn by the 5-V bus since
only a few milliamperes at 12 ¥ is required
by the 741 and the subcarrier generator.
The -9V required to bias the 741 op amp
(U%) is obtained using the Mostek DC-10

- voltage-conversion module operating from

the + 8-V line. Since the output voltage
swing of 1IB is entirely positive, you may
be able to get by with simply grounding
pin 4, but [ included a negative supply for
greater flexibility later, should I desire to
experiment with additional circuit
configurations.

Adequate bypassing Is critical for stable
operation. In addition to the bypass
capacitors indicated in Fig 1, each chip
should also be bypassed at the supply pin
with a 0.01- or 0.1-gF, 50-V disc capacitor.

.You may be able to get bv with fewer

bypass capacitors, but don’t be surprised
if you have instability or digital noise ef-
fects if you serimp too much in the bypass
department. If you bypass each chip, the
system will be unconditionally stable and
immune to RFI, even in an unshielded
cabinet. The prototype Romscanner was



packaged in a small plastic utility box as
shown in Fig 2.

Setup

The only setup adjustments for the
Romscanner involve setting the clock and
subcarrier frequencies, Wire a 2%-pin
header plug as shown in Fig 3A and insert
it into the EPROM socket. If you are using
a 68764 layout, use a 24-pin header wired
by consulting Fig 3A and Table 1. The
switch in the header circuit will allow vou
to switch the system output from black to
white levels and greatfy speeds the setup
procedure, Connect a §2- to 14-V de supply
to the POWER jack, (J2). If a frequency
counter is available, proceed as follows:

1) Connect the counter to pin 3 of Ul
or pin 1 of U2 and adjust the CLOCK
potentiometer for a frequency of 7680 Hz.

2) Transfer the counter to the SSTV
output (J1) and set the LEVEL control for
maximum output.

3) Set the HOLD/RUN switch to HoLD
and adjust the s¥YnNC control for a fre-
quency of 1200 Hz.

4) Set the HOLD/RUN switch to RUN and
preset the Gain control for minimum
resistance between pins 2 and 6 of US§.

5) Set the test header switch to black and
adjust the OFFSET control for a frequency
of 1500 Hz.

6) Set the test header switch to white and
adjust the Gain control for a frequency of
2300 Hz.

Note: Go back and forth between steps
5 and 6 several times, as there will be some
control interaction.

At this point you can connect the SSTV
output to a display system, and you should
be able to shift the display from black to
white by toggling the beader test switch.

If no frequency counter is available,
align the system using your SSTV display.
Proceed as follows:

1) With the HOLD/RUN switch in the
HOLD position, adjust the syNC control for
maximum indication on your SSTV tuning
indicator,

2) Set the HOLD/RUN switch to RUN,

3) Beginning with the maximum setting
of the CLOCK potentiometer, adjust the
wontrol until the interval between vertical
sync pulses is 8.5 seconds. The adjustment
can be fine tuned by “tweaking™ to obtain
a picture of normal width on your display
once alignment is complete.

4) With the GaIN control set to
minimum and the test header switch to
black, connect a high-impedance volttmeter
to pin 6 of U8 and adjust the OFFsET
potentiometer for a reading of 2.25 ¥V,

5) Toggle the header switch to white and
adjust the GaiN potentiometer for a
reading of 1.9V,

&) Repeat steps 4 and 3 several times to
minimize control interaction.

7y Connect the SSTV output to your
display and repeat steps 4 through 6,
tweaking for a good black to white shift as
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Fig 3—At A, wiring of the test
header plug used for initial
freguency adjustments. Shown
at B Is the switching of Enable
{chip select) lines when
multiple EPROMs are used,
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you toggle the header switch.

Once you have your first programmed
EPROM installed, you can tweak the GamN
and OFFSET controls as required to obtain
the same contrast range obtained when the
original taped version of the image is
plaved into your display.

Multiple EPROMSs

Up to this point we have assumed that
the system has only a single EPROM (U6),
but there is no real limit to how many you
can use, A small board can be wired to con-
tain multiple EPROM sockets (28- or
24-pin sockets depending on the device
chosen), with all address, data, ground and
5-V lines in parallel. A small 28- or
24-conductor ribbon cable, equipped with
fieader plugs at each end, can then serve to
interconnect the EPROM socket on the
main circuit board with one of the sockets
on the EPROM board. The only pins that
are not paralleled are pins 20/22 (the chip

select or enable) of the 2764 (see Table 1
for the 68764 equivalent). The enable pins
sfiould be pulled high with a 4.7-k{ resistor
to +5 ¥V on each EPROM socket, Run a
wire from the enable pins of each socket
to a selector switch (typically a rotary type)
on the front panel as shown in Fig 3B. The
switch is used to ground the enable pins of
the selected EPROM, making it the active
chip. The other chips will simply **float”’
on the address and data lines in a high-
impedance state and will not affect image
output.

If you require only a few programmed
chips, another alternative is available. Once
the chips have been verified for proper
image output, bend out the enable pins and
stack your chips so that the pins overlap.
Carefully solder the pins together and in-
stall a 4.7-k&2 resistor and switch lead to
each enable pin. The +5-V side of the
resistors can be tied together and returned
to the common V. {(+ 5 V) pin of the chip
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Fig 6—Romscanner output of & continuous-tone image displayed on
the Robot 450C scan converter. This picture of the author was created
using the 450C. The image was transferred from tha scan converter to
& Radio Shack Golor Computer™ and programmed into EPROM.

Fig 7—The continucus-tone image of Fig 6 as displayed on an analog
P? monitor. Note the gray scale at the bottom of the image. The 450C
creates a 120-line image, while the standard format is 128 lines. An
authar-devefoped image fransfer program inserts an 8-step gray scale
in the final eight lines not used by the Robot format. The gray scale is
not visible when displayed on Robot 450C or 1200 scan converters, but
is visible on all other display systems that use ail 128 lines of the
standard format,

In operation, the HOILD/RUN switch is normally kept in the
HOLD position when not transmitting pictures. This will cause a
1200-Hz tone output from the unit. If your Romscanner output
is routed to the transmitter, you can use the LEVEL control to set
the proper audio-drive level for the transmitter. To transmit an
image, simply select the desired chip, key in the Romscanner and
set the HOLD/RUN switch to RUN. The frame will start at the
beginning and will repeat until you set the switch back to HOLD.
If the swiich is cycled to HOLD and back io RUN during a
transmission, the frame will reset and begin again. If vou change
the image-selector switch during a transmission, the unit will simp-
Iy switch from one picture source to the other. Depending on the
pictures you have in memory, this can create interesting special
effects such as call signs at the top or bottom of photographs, etc,

The Romscanner is an extremely useful SSTV accessory, and
you will soon wonder how you got along without one, My present

mode of operation is to get on the air with the unit, and only
in the case of an extended QSO0 do I take the time to fire up the
lights and camera. I also find it very useful for contests as well
as vacation portable operation, since the amount of gear that is
transported is quite reasonable. Lest you think that SSTV is a
kilowatt activity requiring a huge antenna farm to counter band
conditions and QRM, 1 should explain that all of my HF
operating is with a 5-W Ten-Tec Argonaut using dipoles and long-
wire antennas. On SSTV this has netied me 36 confirmed states
and 13 countries, with most of that on 20 meters! If you have
a sideband station of any sort, SSTV represents a logical exten-
sion into the “video age.””

‘While it may appear that higher-resolution formats are now
the dominant mode, standard 128-line monochrome pictures have
a number of operating advantages. The short time required to
transmit a single image (8.5 seconds) makes it more feasible to
dodge QRM, compared with the longer frame times required for
color and high-resolution formats. With modern gear, !2%-line
images can be of quite good quality, meeting the needs of most
amateurs, and the gear itself can be fairly simple and quite inex-
pensive. There is a tremendous amount of 128-line equipment
available, ranging from P7 monitors and sampling cameras to
the Robot Model 400 scan converters. All of the newer equip-
ment, regardless of its color and high-resolution capabilities, can
handle standard-format imagery. If you can find some of this
gear, or have it on hand, by all means get on the air! There is
very little activity on 15 and 10 meters, yet these bands are superb
for 88TV with very little QRM when open. If vou would like
more information on SSTV and the many operating options now
available, check in or listen to the SSTV net on 14.230 MHz at
1800 UTC every Saturday.

There is no doubt that SSTV is now a tully digital mode. What
is needed is more basic, easy-to-construct SSTV gear to encourage
new operators, both here and abroad. The Romscanner is one
step in this direction.

Ic. Abrams and R. E. Taggarl, “Color Computer SSTV, Part 1"
73 Magazine, Nov 1984, pp 10-21. .

*The term “P7” reters to the type of high-persistence phosphor used in
GRTs orig|nal|g adapted to SSTV. The P7 phosphor could hold an
image for the 8.5 seconds required for a single frame. GEET}

Strays g

I would like to get in touch with. ..

[J any hams with a portable OSCAR station willing to give
Amateur Radio demonstrations to the general public at the Neil
Armstrong Air and Space Museum’s annual Festival of Flight
in Wapakoneta, OH in July. Contact John Zwez at the Neil
Armstrong Air and Space Museum, I-75 and Wapak-Fisher Rd,
Wapakoneta, OH 458935,

[7J anyone using a Magicom RF speech processor and a Kenwood
TS-1308. Russ Smith, W60ONK -7, P() Box 141, Brownsville, OR
97327,

[J anyone with a manual or circuit diagram for an EICO 239
solid-state FET-TVM. E. H. Strietar, W6FZ0, 3040 Rohrer Dr,
Lafayette, CA 94549,

(J anyone who can help identify an H. H. Scott receiver with
a missing model number. Dave Schoepl, WB0ZG, 418 Lake
Forest, Yicksburg, MS 39180.

[l anyone with a service manual for a Measuremenis Corp 84-R
standard generator, or information on converting a T-282 GR
army transmitter for operation on 450 MHz. Bob Sondack,
VE2ASL, 260 Bellerive, Ile Ste Helene, St Luc, PQ JOJ 2A0,
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