get on SSTV — with the C-64

Software approach/
uses BASIC and/
machine language routines

Although the Commodore 64 computer has proved
to be a popular addition to many hamshacks, its full
potential hasn’t always been realized. The Commodore
has excellent graphics capabilities that are easily acces-
sible to aknowledgeable programmer — and these capa-
bilities are directly applicable to slow-scan television.

Several years ago, Edwin Cox designed and published
an SSTV send andreceive program for the VIC-20, later
upgrading it for the C-64.7-23 Others have written pro-
grams to allow weather facsimile to be displayed using
the Commodore machines.® Numerous articles and
books have explored what can be done with the versa-
tile Commodore machines?; the possibilities described
in the Amateur literature go far beyond applications
available commercially.

While the earlier programs reguired additional hard-
ware in order to use the Commaodaore for visual reception,
the programs described in this article make full use of the
hardware already contained in the C-64. The only inter-
face necessary is protection of the sensitive ICs from the
fluctuations of the outside world.

What follows is the brainchild of two Italian computer
and radio enthusiasts. Once you've typed in the pro-
grams, you'll be ready to send and receive black and
white SSTV pictures with very little additional work. —
Jim Grubbs, K9EI.

slow-scan basics

Before we program the computer for transmission
and reception, let’s briefly review the basics of SSTV.
SSTVistransmitted as a continuous series of tones us-
ing normal voice bandwidth channels. While most
SSTV activity occurs on HF using standard SSB tech-
niques, it's equally well-suited to FM modulation on
UHF/VHF or even transmission over standard grade tel-
ephone lines.

First the image to be transmitted is scanned. For a

standard black and white picture, it takes about 8 se-
condsto scan and send asingle frame of video. In order
to know when a new scanning line begins and when a
new picture frame begins, certain tones are reserved to
indicate syncronization signals. A 1200-Hz tone
represents a sync pulse. A horizontal sync pulse consists
of a 1200-Hz tone for a period of 5 milliseconds. A longer
1200-Hz tone for 30 milliseconds represents a vertical
sync signal.

In order to distinguish between black and white por-
tions of the picture, the tones between 1500 and 2300
Hz are used to specify everything from pure black to pure
white — including all the shades of gray in between.

making the computer speak SSTV

Inorder for the computer tointerpretan SSTV signal
accurately, it has to know exactly what frequency is
present during each sampling period. By connecting the
audio to the user port, {see fig. 1) of the Commodore 64,
we can count the number of zero crossings presentand
determine the frequency of the incoming signals. We
use pin “B”’ on the user port, which is available as a
general-purpose interrupt input on the 6526 complex in-
terface adapter chip.

The sampling of the input frequency must be done
continuously using a very short time interval in order to
reproduce a slow-scan picture accurately. This is
achieved by rewriting the Non-Maskable Interrupt (NM1)
routine that’s resident in the C-64. By modifying the
pointers to the NMIi routine, we can substitute a program
designed to suit our needs for SSTV. The pointers are
located at hex locations $0318 and $0319.

taking a break

The central processing unit in the C-64 is kept very
busy; all the pretty graphics and sounds available take
their toli on processor time. For the purpose of SSTV
reception, this can present a problem if we don’t focus
the attention of the CPU on our assigned task. Normal-

By Giuseppe Cameroni, I2CAB, and Giancarla
Morellato, I2AED, Via Damiano Chiesa 26, Vige-
vano 27029, Italy. Translation and additional text by
Jim Grubbs, K9EI.
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1000 rem e - o

1010 ram direct recoption of sstv

1020 rem pletures vis commodors B4
1030 rem written by:

1040 rem giancarles morellatoe i2eed
1050 rem sddress: via d. chissa Zb

1060 rem 27029 vigevano
1070 rem ital
1080 rem b ey 1

1230 print chril1a7)
1270 rem data loading

1280

1290 for 1=32768 to 33285:re
1300 poke 53280,0:poke 53281,0
1310 print chr$(147)

1320 print"sstvy reception actilve"
1330 For =1 to S000:mext

aya 32768

aipoke §,ainext

1360 data 120, 160,000, 132, 158, 169,086, 133, 159, 169
1370 data 000,145, 158, 200,208,251,230, 159, 166, 1539
1380 dat 224, 128, 144,243, 160,000, 132, 158, 169, 004
1390 datn 133,159,169, 102, 145, 158, 200,208, 25%1,230
1400 data 159, 166, 159,224,008, 144, 243, 160, 000, 132
1410 data 158,169,216, 133, 159, 169,001, 145, 158, 200
1420 o 208,251,230,15%9, 166, 159,224, 220, 144,
1430 a D88, 160,000,132, 158, 169,096, 133, 15

1440 n 033,208, 169,080,133, 159, 169, 188, 145,

1450 a 200 18,251,230, 159, 166, 159,224,095

™ " " 1460 2a3,1 241,141,134, 002,173,000, 221

The Flyn’}g Horse 1470 004, 141,000,221, 173,017, 208,073,032,
| 1480 » D17,208,173,022,208,073,016, 141, 022, 208
1490 169,072,141,024,200, 169,036, 141,024,003
Sets the Standards | 1500 a4 169,124, 141,025,003, 169, 1: 141,013,221

169, 101,133,159, 164,080, 133, 158, 164, 152
141,015, 221,141,006, 221,169,003, 141,007
21, 168,000, 133,003, 168, 145, 158, 164, 255
144,004,221, 141,00%, 221,173,013, 221, 1649
53,141,014,221,169, 147,141,013, 221, 044a
4,255, 240,251,201, 136, 200,011,173
317 08,073,016, 141,017
072,173,000,221,073,001,14
017,208,073,032,141,017,208, 173, (
073,018,141, 165,021, 1411
169, 169,071,141, 0
169, 25 025,003, 169, 142,032, ¢
173, 004,016, 141,017, 208,
i o8Aa, 104, 104, 104
138,072,152, 172,01

. 1510
Continuing a 66 year tradition, there are £
three new Callbooks for 1987,

The North American Callbook lists the calls,
names, and address information for licensed
amateurs in all countries from Canada to
Panama including Greenland, Bermuda, and
the Caribbean islands plus Hawail and the
LI.S. possessions.

(¥

I8, 076, 194, 128
000,221,173

r={ul:]

The International Callbook lists the
amateurs In  countries outside North
America. Coverage includes South America,
Europe, Africa, Asia, and the Pacific area.

U

+Ut3, 221, JuUBd , 176, 006
™ . i " ,076,178, GERR T
e 1987 Callbook Supplement isa new idea 3 541 4 G AR D

in Callbook updates; it lists the activity in
both the North American and International
Callbooks. Published June 1, 1987, this
Supplement will include all the new licenses,

w015, 221,173,007, 221,13
LO70,077,.106,070,077,
1,077, 162, 02"
176,013,202,

address changes, and call sign changes for 1730 o 141,014,221 076 :
the preceding 6 months. 1740 55,074, 133,077,074, 024, 101,077
1750 v 134,077,072, 1, 168, 104, 106,041,003
Publication date for the 1987 Callbooks is 1760 v 073,003,170, ,024, 202,048, 004, 010
December 1, 1986. See your dealer or order 1770 v D10, 144,249, L003,224,018,176,035
now directly from the publisher. 1780 a 224,004, 144,048, 230, 158, 208,004, 230, 159
1790 . 048,023, 165, 158,041,007, 208, 025, 165, 158
1800 024, 105,056, 133, 158, 165, 159, 105,001, 133
1810 1 154,201, 126, 144,008, 162, 101, 134, 159, 162
oMNorth American Callbook | 1820 180, 134, 158, , 132,077,168, 145, 158
Incl. shipping within USA $28.00 1830 y» 164,077,104, , 176,004,017, 158, 145
incl, shipping to foreign countries 30.60 [ 1840 deta 158, 152, 105, 008, 166, 1649, 000, 134, 003, 145
1850 dut 158, 169,147,141, 013,281, 104, 168, 104, 170
o International Callbook 1860 oata 104,064 *, 085, 106, 123,000,075, 160, 105
incl. shipping within USA $28.00 1870 daurt 105,09 085,073 74,081,032
incl. shipping to foreign countries 30.60 Feady .

1 Callbook Supplement, published June 1st —
incl. shipping within USA $13.00
incl. shipping to foreign countries 14.00

SPECIAL OFFER

1 Both N.A. & International Callbooks

Table 2. SSTV transmission program listing (BASIC).

incl. shipping within USA $53.00
incl. shipping to foreign countries 63.00 1000 ram tetetesbasdasdintan
1010 rem sutv transmission wvie
T E R
1020 rem concelvad by!
N 1030 rem Jiuseppe cameroni i2cab
Illinois residents please add 6%:% tax. 1035 rem =%
All payments must be in U.5. funds, 1040 rem giancarla morellaton | 2aed
1050 ream
RADID AH!‘IEUHIIL L 1060 rem seesvsvnse RS e
INC. | 1100 for 1=19968 to 20079:read INExn
- ca‘ ?0 c 1110 far L=: to 20274 resd it
Dept. 1120 For i=204B0 to 20696:read thext
- 925 Sherwood Dr., Box 247 | 1130 For (=20736 to 208%56:irmad a: i oinext
Lake Bluff, IL 60044, USA |

":T lecontinued on page 47)
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The user port connector is available from Digi Key, P.O. Box 677, T
New Mexico 56701-9988

fig. 1. C-64 user port

ly the C-64 stops everythingit's doing and takes time out
to update the graphics screen. If these video interrupts
are left intact, our program will work, but there will be
“"holes’ in the picture where the CPU goes and does
other things.

By making a small compromise in operating con-
venience, this problemiseasy to overcome. The SSTV
receive program has been written so that by pressing the
F7 function key, the video interrupts normally processed
by the CPU are suspended until the F7 key is pressed
again. This results in the screen being blanked during
reception of a picture, but ensures that no data is lost
(during the reception. {The Cox SSTV program suffered
from the same problem and used a similar solution).

Because no external processing is being done, it's
necessary to keep the audio gain of the receiver fairly
highin order to saturate or clip the signal. The computer
doesn’t understand much other than square waves.

Two interfaces are presented here (see figs. 2and 3).
The first is definitely intended for those in a hurry, but
it works! Just about any NPN transistor will do; its pri-
mary purpose is to protect the 6526 chip in the computer
from damage. The second, a slightly more complex
single-chip interface, allows a much more acceptable
audio level to be used from the receiver. It uses a single
LM311 voltage comparator IC and a few resistors.

getting the picture

Once you've typed in the program and built either of
the two interfaces, you’re ready to receive black and
white SSTV pictures.

For convenience, the program for SSTV reception s
presented in BASIC (table 1). Because the timing for
SSTV is in the millisecond range, only a machine lan-
guage routine is fast enough to provide the needed ac-
curacy. This program “’pokes” in the machine language
program from BASIC.

Tobegin, connecttheinterface, making sure that the
power to the computer is turned off; trying to connect
the interface with power on could damage the C-64's
sensitive circuitry.

Next, load and run the program. There will be a short

delay while the machine language routines are poked
into memory. After that the screen should turn black.

The best place to look for SSTV activity is around
14.230 MHz, particularly on Saturday and Sunday morn-
ings. Be aware that several formats are in use; much of
the activity you'll hear will be color transmissions not
well-suited to this simple program. Many SSTV nets,
however, ask their participants who work in color to also
send their pictures in standard 8-second black and white
format for those with less sophisticated equipment.

The best way to tune an SSTV signal is to adjust the
receiver for normai-sounding speech and then leave the
tuning alone during picture transmission. If everything
is working smoothly, you’'ll see a picture begin to be
traced in the center of the computer screen. Theimage
will occupy only a portion of the screen.

The best images for this simple program will consist
of graphics thatdon’t contain subtle color changes. Sig-
nals generated using a SSTV keyboard or employing
block-type graphics will come through best.

Using this program we’ve been able to display live im-
ages of distant SSTV operators. The display is some-
what grainy, but the image is still quite interpretable as
a person.

Once you can receive pictures, you may want to trans-
mit some yourself. While the simple program shown in
table 2 won't allow you to create and send fancy pic-

NPN
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fig. 2. Simple receive interface
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LM211is available from Jameco Electronics, 1355 Shoreway Road, Belmont,
California 94002

fig. 3. SSTV receive interface uses an LM311 voltage
comparator.
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Join AMSAT...Today

Amateur Radio Satellite OSCAR 10
provides:

e A New Worldwide DX Ham Band
open 10 hours a day.

¢ Rag Chew With Rare DX Stations
in an uncrowded, gentlemanly fashion.

¢ Popular Modes In Use:
SSB, CW, RTTY, SSTV, Packet

¢ Full Operating Privileges
open to Technician Class
licensee or higher.

Other AMSAT Membership Benefits:

Newsletter Subscription:
Dependable technical articles, satellite news,
orbital elements, product reviews, DX news,
and more.

Satellite Tracking Software
Available for most popular PCs.

QSL Bureau, AMSAT Nets, Area Coordinator
Support, Forum Talks

Construction of Future Satellites For Your
Enjoyment!

AMSAT Membership is $24 a year, $26 out-
side North America. VISA and MC accepted.

AMSAT
P.O. Box 27
Washington, DC 20044

301 589-6062
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tures, it willenable you to call CQ and acknowledge other
SSTV signals with one of your own.

SID sends a picture

Normally we think of the SID sound chip in the Com-
modore machine as being the hardware necessary to
make music. For SSTV, however, itbecomesanimpor-
tant part of getting a ‘‘picture’’ on the air.

The simple SSTV transmit program takes a portion of
the regular text screen available on the C-64 and provides
a conversion for everything typed in this special “’win-
dow.”’ The window consists of seven lines of up to eight
characters each. Any of the standard Commodore
characters, including the graphics characters, can be
used. | did find that the program acted strangely when
| tried to send reverse-image characters. — K9EI|

The characters you type on the screen are presented,
one at a time, to a special interpreter program. Every
character consists of individual points of light; by
processing these points and applying them to the sound
chip, we can create an SSTV signal in standard format.

Since we're using only standard characters, all of the
information will represent either pure black or pure
white, depending on whether the point being ““scanned”
by the program is on or off. The computer itself will al-
low us to specify up to 255 different shades of gray. A
more advanced program could use the main subroutines
from this one to send a true bit-mapped image, perhaps
prepared with one of the graphics programs like
Koalapainter.

Every line of the video from our SSTV transmit pro-
gram consists of 64 memory locations. A $00 specifies
white, which is represented by a 2300 -Hz tone sent for
0.93 milliseconds. A value of $FD indicates black, sent
at 1500 Hz, while $FE indicates a horizontal sync pulse
and $FF is used to indicate vertical sync.

Each frame of transmitted video consists of seven text
lines containing eight characters each. Each character
is represented by an 8 x 8 matrix. The image definition
will be 63 points harizontal (8 x 8 less one horizontal sync
pulse) by 128 points (7 characters by 8 x 2 — each line
is transmitted twice — plus 16 lines of buffer). The ex-
tra lines of buffer were inserted to allow for easy recep-
tion of the picture even if the monitor isn’t set up
perfectly.

Finally the SID chipis turned on and the frequency is
changed according to the values stored in the matrix.
Theresulting standard SSTV audio signal can be heard
coming out of the monitor speaker.

Once you've created your picture, you cansend it by
pressing the “‘backarrow’” key located in the upper left
hand corner of the keyboard. You can move the text win-
dow around using the cursor keys. You canreturntothe
upper left hand corner of the window by pressing the RE-
TURN key. To terminate transmission, you must press
and hold the RETURN key. The key is scanned during
the vertical sync period.
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