Everyone asks, ‘‘How can microprocessors be used in
Amateur Radio?’’ If slow-scan TV is your thing, here is a
startling answer.

By Barry Sanderson*

M any amateurs have had a desire to
get into slow-scan TV reception and
transmission. More are interested in
microprocessors and their role in Amateur
Radio. This article puts the two together,
Using the technique described here, you
can generate simple graphic and alpha-
numeric characters without a camera!l
First, let’s review the slow-scan signal, its
makeup, and characteristics.

Slow-scan TV signals consist of two
parts, the picture information and the
syncheonization information. The picture
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information is represented by a signal in
the frequency range of 1500 Hz to 2300
Hz (1500 Hz corresponds to black and
2300 Hz corresponds to white). The fre-
quencies in between correspond to shades
of gray between black and white.

The synchronization information is
represented by a frequency of 1200 Hz.
The duration of the 1200-Hz signal
distinguishes horizontal and vertical syn-
chronization signals. The horizontal sync
signal lasts for five ms and the vertical
syne signal for 30 ms. The horizontal sync
signal marks the boundary between the
end of the picture information for one line

Fig. 1 — A digital-to-analog-to-frequency converter for slow-scan television. No connections are

made to IC pins not shown.
U1 — GMOS analog multiplexer, type CD4051.
U2 - TTL dual voltage-controdied oscillater,

type 74L8124; one section unused,
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and the start of the picture information
for the next line. The vertical sync signal
marks the boundary between the last or
bottom line of one picture and the first or
top line of the next picture.

At 15 lines per second, the time re-
quired by one line is 66.7 ms. Of this, five
ms are required for the horizontal sync
signal. The remaining 61.7 ms are filled
with the picture imformation for that line.
One entire picture is composed of 30 ms
of syng signal (the vertical svnc signal
takes approximately one-half a line time)
followed by 128 lines containing picture
information and horizontal syne.!

Picture Format

I made some changes in the picture for-
mat to simplity the signal-generation pro-
cess. Rather than allowing 128 different
[ines in each picture, I allowed only 64 dif-
ferent lines in cach picture. In order to
make 128 total lines 1 repeated each line
once so that the vertical dimension of each
of my picture elements (pixels} is two of
the 128 totai lines or 1/64 of the total pic-
ture.

Also, I decided to make only 64 dif-
ferent pixels possible horizontally. Thus
my pictures are an array of 64 by 64
squares or pixels. BEach of these pixels is
one of four shades of gray. In order of in-
creasing brightness, these shades of gray
are named: black, dark, light and white.

'[Editor’s Note: The wnateur standard, adopted by
gentlemen’®s agreement in 1968 when S5TV was first
authorized for general use in the U.S, and Canada,
valls for 120 lines per frame, requiring eight seconds
to transmit a complete picture. In recent years
the trend has been foward 128 lines per trame,
especially when digtial-logic circuitry s used to
develop the syne signals, requiring 8,53 seconds to
send a picture. With proper adjustment of the ver-
tical sweep circuitry in a receiving monitor, either
rate may be received satisfactorily, )
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In the photo on the lett is shown the screen at the starting point for a game of checkers. T
ing sides in a game. At right, the board is shown as it might look after a couple of

f lumped the pixels together in groups
of eight both vertically and horizontally,
Each of these groups is called a character.
Each character is a square of 64 pixels
(eight pixels on a side). Thus the entire
picture vonsists of a square of 64
characters. There are eight rows of
characters with eight characters in each
TOW,

There are no further limitations on
what the characters ook like. Besides the
letters, numbers and punctuation marks
that the word °*‘character” connotes,
characters can bhe made to symbolize
unything you want. Some examples of
things that characters could symbolize are
chessmen, hattleships, submarines,
torpedoes, mines, tanks, artillery, shells,
missiles, space ships, planets, stars,
photon torpedoes and so on.

The hardware added to make the con-
version from microcomputer logic output
to the audio signal required for slow-scan
is shown in Fig. 1. The conversion is done
in two steps. First the logic levels are con-
verted to an analog voltage by a multiplex-
er. Next, this analog voitage is converted
fo an audio frequency by a voltage-
controlled oscillator (VCO).

The three microcomputer output bits
{two bits representing one of four shades
of gray, and one sync bit) are applied to
the address inputs of an eight-channel
('D4051 analog multiplexer. A separate
pot is provided to set each of the five dif-
ferent levels (sync, black, dark, light and
white). The selected signal is applied to
the control input of half of a 741.8124
VCO. The slow-scan video signal is taken
from the output of the 7408124,

For this circuit to vield desirable results
each pot must be adjusted so that the
proper frequency is output by the VCO
when that pot is selected to provide the
control voltage to the VCO. The adjust-
ment procedure consists of selecting vach
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pot in turn and adjusting that pot until the
VCO oscillates at the proper frequency
for that pot. The proper frequencies are
Sync — 1200 Hz; Black — 1500 Hz; Dark
— 1767 Hz; Light — 2033 Hz and White
-— 2300 Hz.

The Program

My program is based on two things.
First, a hardware timer that generates an
interrupt at a regular interval, and second,
a routine that is executed in response to
the interrupt that is under program con-
trol and chamnges as the program executes,

The hardware timer is set to generate in-
terrupts at the pixel-outpui rate. The in-
terval is calculated from the slow-scan
specification by dividing the time allotted
for the picture portion of a line (approxi-
mately 61.7 ms) by the number of pixels
per line (64). The result is 963.5
microseconds.

One of three interrupt service routines
is executed in response to each interrupt
trom the interval timer, The three routines
are named VSYNC, PICT and HSYNC.
VBYNC is executed during vertical syne
time. it inserts the vertical syn¢ signal and
changes the interrupt response to PICT at
the end of the vertical sync signal. This
means that the next interrupt will result in
PICT being executed instead of VSYNC,

PICT fetches the picture information
stored in a portion of memory and out-
puts it to the proper port. After 64 pixels
have been output, it changes the interrupt

respontse to HSYNC, Thus HSYNC will

be executed in response to the next inter-
rupt.

HSYNC activates the sync signal for
five pixel times and then changes the inter-
rupt response. to either PICT or VSYNC.
If 128 lines have been output, VSYNC is
executed in response to the next interrupt;
otherwise PICT is executed in response to
the next intercupt.

he white ¢rosses and the light squares reprasent appos-
moves have peen marde.

Since the generation of a slow-scan TV
signal corresponding to the stored picture
is done by interrupt service routines, the
lefrover time is available to the main-line
program to perform other functions.

Picture Updating

One thing that should be included in the
main-line program is a way to change the
contents of the memory focations that
hold the picture. One approach is to allow
a new character to be written into any of
the 64 character positions on ¢ommand
from an input device {typically a
keyboard). Both the new character and its
position in the picture are required each
time this command is executed. This type
of picture updating is useful in game-
playing situations, such as checkers or
chess.

Another way to update the picture is to
have the position in the picture of the new
character incorporated into the program.
Thus the input device just supplics a string
of new characters and the program places
them in the picture. This tvpe of picture
updating is useful for alphanumeric pic-
tures or fixed pictures (CQ, QSL, etc.).

Still another way to update the picture
is to have both the new characters and
their positions in the picture incorporated
into the program. This allows a predeter-
mined sequence of pictures to be output.

Since the method of picture updating
depends on the situation and the hardware
available, 1 have not included a discussion
of my main-line program. However, the
three interrupt service routines and a
fourth subroutine will actually do all of
the work, generating the siow-scan TV
signals from stored picture information.
With a thorough understanding of the
functions performed by these subroutines,
you should be able to incorporate them in-
to a program of your own that generates a
slow-scan TV sipnal of pictures of your



At left is an example ot 5 x 7 dot matrix numbers fit into characters and displayed on the saoreen. (n the right photo, the top two rows of characters
are gray scales. The next two rows consist of a square character that is black around the perimeter, white in the center, and light and dark in be-
twean. The bottom half of the picture consists of a sequencs of gray scales where the shade of gray changes with every pixel. Each line of pixeis is
Jogged one space to the right for the first 16 lines, then the direction of sliding of gray scales is reversed,

own choosing., This article will provide
you with that necessary understanding.

The rest of the article discusses some
counters which are used to control pro-
gram execution, the way the picture is
stored in memory, the GET C subroutine
which fetches the next pixels to be output,
and the three interrupt service routines.

Three eight-bit counters are used to
control program execution. These are the
X counter, the Y counter, and the PIXEL
counter. The X counter is incremented
each time a new pixel is output, and is
reset to zero at the end of each horizontal
syne period. The Y counter is incremented
each time the X counter is reset to zero.
The Y counter counts the number of pic-
ture lines that have been output. It is reset
to zero during each vertical sync period.
When taken together, the X and Y
counters define the position of the pixel
on the TV screen at any given moment.
The PIXEL counter is5 used differently by
the three interrupt service routines. These
uses will be explained separately as the
three routines are discussed.

Character Storage

Each pixel requires two bits to specify
one of the four shades of gray. An 8-bit
word c¢an hold four consecutive pixels.
Two consecutive 8-bit words hold eight
congecutive pixels, or one line of a
character. Thus for each character, 16
consecutive 8-bit memory locations are re-
guired to store the two-bit codes specify-
ing the shade of gray for each of the 64
pixels.

In my model, the two video bits re-
quired by my interface circuit are con-
nected to the highest order bits of an out-
put port (bit 7 to the video most signifi-
cant bit, MSB, and bit 6 to the video least
significant bit, LSB). Therefore, bits 7
and 6 of the first word of memory for a
particular character indicate the shade of

gray for the first pixel (upper left corner)
of that c¢haracter. Bits 5 and 4 of that
same word correspond to the seeond pixel
of that character. The next two bits cor-
respond to the next pixel, and so on.

Bits 1 and 0 of the second word corres-
pond to the upper right-hand pixel. Bits 7
and 6 of the third word of memory for a
particular character correspond to the
first (left-most) pixel in the second line of
the character. Bits 7 and 6 of the 15th
word correspond to the first pixel in the
eighth line of the character, and so on.
Finally, the lower right-corner pixel is
stored in bits 1 and 0 of the 16th word for
that particular character,

As a specific example, consider the
character diagrammed in Fig. 2A. The
cross-hair lines indicate pixel boundaries.
This character is a white cross on a black
background. Fig. 2B lists the 2-bit codes
required for this character according to
the following convention: 00 = black, 01
= dark, 10 = light, 11 = white. The
solid lines represent microcomputer word
boundaries. The table in Fig. 2C shows a
hex listing of the contents of the 16 con-
secutive memory locations required to
store this character. A starting address of
N is assumed.

Picture Starage

Since a picture is composed of 64
characters, | decided to store a 7-bit value
in the first 64 focations on page one of
memory to represent each character of the
picture. {A page is 256 B-bit words.)

I made these the upper 7 bits of the 8-bit
word and forced the LSBE to be a zzro.
The resulting B-bit word is used to fetch
the iow order half of a 16-bit address from
page two of memory. The high-order half
of the address is fetched from the location
just above the one containing the low
order half of the address. The upper seven
bits of the location on page two where the

low and high order halves of the address
are stored are the same. The LSB is a zero
for the low-order half and the LSB is a
one for the high-order half. This 16-bit
address specifies where the word contain-
ing the first four pixels of the character is
stored. The remaining pixels are stored in
the 13 words following the word in which
the first four pixels are stored.

Bits in the X and Y counters specify
which of the 16 memory locations
associated with each character containg
the pixels to be output next. These bits are
used to caicuiate the offset from the word
containing the first four pixels to the word
containing the pixels to be output next,

The GET C Subroutine

In order to understand the GET C
routine, you should first realize what each
bit in the X and Y counters corresponds to
with respect to the TV picture. The in-
dividual bits are referred to by a letter and
a number, the letter being X for the X
counter and Y for the Y counter. X7 is the
MBSB of the X counter, X@ is the LSB of
the X counter, Y6 is the next to the MSB
of the ¥ counter, and so on.

X2, X1 and X§ specify which of the
eight pixels on a given line of a given
character is to be output next. The next
three bits (X5, X4 and X3) specify which
of the eight characters on a given line is to
be output next. X6 goes froma 0toal
when all 64 pixels on a line have been out-
put,

Y3, Y2 and Y1 specify which of the
cight lines of a character are currently be-
ing output. Y6, Y5 and Y4 specify which
of the eight rows of characters is currently
being output. Y7 goes from a Oto a 1 after
all 64 lines have heen output twice (each
line is repeated to make 128 lines). Y@ in-
dicates whether a particular line is being
output for the first or second time.

As you can see in Fig. 3, the GET C

Ortnbhar 1072 a7
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Fig. 2 - Exampie of data to reprasent a
character. The cross-hair lines at A indicate
pixel boundaries; a complete S8TV frame is
64 » 64 pixels. The 8 x 8-pixel character is
stared in 18 bytes of computer memory.
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subroutine first assembles the bits from
the X and Y counters, specifying one of
the 64 character positions, into an 8-hit
number. This number is in the range of
0-63 inclusive. Next the number of the
character currently in that position is
fetched from that memory location in
page one. This character number is
multiplied by two and the result used to
fetch a [6-bit address from two con-
secutive memory locations on page two,

This 16-bit address gives the location of
the word containing the tirst four pixels of
the character. An offset of 0000Y3IV:2Y1X2
is added to this 16-hit address. The result
is an address of the memory location con-
taining the next four pixels to be output.
These four pixels are placed in the tem-
porary video storage location. The GET C
subroutine then returns control to the
routine that called it.

Subroutines

The PICT subroutine (Fig. 4) uses the
pixel counter to determine which of the
four pixels in an 8-bit word have not been
output yet. Each time this subroutine is
executed a pixel is transferred from the
temporary video storage location to the
proper output part. The data in the tem-
porary video storage location are rotated
two bits to the left so that the next pixel is
in the two highest order bit positions.

After every four pixels have been out-
put, the GET C subroutine iy valled to up-
date the temporary video storage location
with the next four pixels to be output.
After 64 pixels have been output, the in-
terrupt response is changed to HSYNC
and the pixel counter is loaded with 3.
Therefore, the HSYNC subroutine will be
egecuted in response fo the next interrupt
instead of the PiCT subroutine.

The HSYNC subroutine (Fig. 5 uses
the pixel counter to make the horizontal
sync signal five pixcl times long. This
resalts in & horizontal sync stgnal about
four percent shorter than the SSTVY
specification requires; however, it is close
enough, After the pixel counter has been
decremented ta rero, the X counter is
reset to wro and the Y ocounter is in-
cremented. If all 128 lines have not yet
been output, GET C is called (to update
the vontents of the temporary video
storage locution). The pixel counter is
then set to 4 and the interrupt response is
changed to PICT. if, however, all 128
lines have been autput, the pixel counter is
set to 31 and the interrupt respunse is
changed to YSYNC.

The VSYNC subrontine (Fig, $) uscs
the pixel counter to make the vertical sync
signal 31 pixel times long. After the pixel
vounter has been decremented to scra, the
Y counter is reset to zero. Then GET C is
called (to update the contents of the fem-
porary video storage location}, the pixel
counter is set to four and the intercupt
response is changed to PICT.

Since a slow-scan TV signal is an audio
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Fig. 3 — Flow diagram of the GET ¢
subroutine,

waveform, it can be transcribed on any
tape recorder with low noise, flutter and
distortion characteristics. | made up some
characters, and then some pictures from
those characters. 1 used my program to
generate the slow-scan TV signal vor-
responding to those pictures and recorded
it. I then toak this tape to someone who
has a commercially available scan con-
verter. This scan converter accepts a slow-
scan video signal as an input and outputs
a4 “normal” or fast-scan video signal
which can be displayed on a TV monitor.
The pictures in this article are ones | took
uf the TV monitor while it was hooked to
the output of a scan converter receiving
iy taped slow-scan signals,

This particular scan converter did
something to pictures with sharp high-
contrast edges, causing a decrease in pic-
ture quality, The converter superimposed
a checkerboard pattern of black dots on
the picture. Instead of each pixel being the
proper width, each pixel is oniy half as
wide as it should be with the other half be-
ing a black dot. The black dot appears
cither to the left or right of the half-size



. JTRANSFER THE CONTENTS OF THE
- JTEMPORARY VIDEQ-3TORAGE LOCATICN
“4T0 THE PROPER OLTPUT PORT
JRESET THE SYNGC CUTPUT BIT T¢ D
2 JROTATE THE CONTENTS OF THE TEMP.
S VIDED = STORAGE LOCATION SO THAT THE]
NEXT PIXEL IS IN PQSITION

INCREMENT

THE ¥
COUNTER

CHANGE THE INTERRUET DEGREMEN

HESPONSE TO HSYNC THE PIXEL
LOAD THE PIXEL COUNTER
COUNTER WITH &

YES THE |
: RESULT= 0P

CALL GET4 |

LORD THE
[PIXEL COUNT-
ER WITH 4

(CReTURN §

DEGREMENT THE
PIXEL COUNTER
SET THE SYNC
QUTPUT TO {

_

DECREMENT THE
PIXEL COUNTER
SET THE SYN
OUTRUT T0 1

YES

THE PIXEL ™
COUNTER COUNTER
07 - c0f
V
{Loap THE X LLoAD THE ¥
COUNTER COUNTER
WITH 0 WITH @
v
INCREMENT
THE Y
COUNTER
s
JeaLL ceETC
LOAD THE PIXEL N
COUNTER WITH 1F16(3%10)
CHANGE THE INTERRUPT LOAD THE PIXEL
RESPONSE T VSYNC COUNTER WITH 4
CHANGE THE INTERRUPT
RESPONSE TO PICT
: oA
e

Y _
( RE TLIRN ) )

Fig, 4 — Flow diagram of the PICT subroutine.

pixel alterpating from one line to the next.
This accounts for the fuzzy vertical edges
in these pictures.

I have purposely not inciuded a listing
ot my program, because it is written in
assembly level language and 1 attempted

Fig. 5 — Flow diagram of the HSYNG, VSYNC subroutine.

to use as many special Z-80 instructions
{which are not a part of the 8080 instruc-
tion set) as practical. 1 also freely used
special hardware features which 1 de-
signed into my microcomputer. Thus, 4
significant number of the instructions in

my program involve some special feature
of my microcomputer. Rather than **side-
track’ to explain these, | have discussed
the algorithm 1 used and hope you can
adapt this algorithm to your microcom-
puter and application. @&

Strays -

“ROADEO” HAMS

il Backing through obstacles, steering
around tennis balls and negotiating a
serpentine course that would raise the hair
of a Grand Prix driver were just some of
the difficulties that 279 school bus drivers
faced during the recent fifth annual
Wisconsin School Bus Safety “‘Roadeo™
in Madison, W1, Devoted to safety for the
school-age rider, the event was made
possible by the 21 hams who assisted. It
was surely a communication and

organizational challenge not seen since
Field Day!

The Madison Area Repeater Associa-
tion, Four Lakes Amateur Radio Club
and Yellow Thunder Amateur Radio Club
ungertook the task of providing mobile,
portable and fixed 2-meter equipment and
persannel to keep track of the drivers,
their scores and equipment.

Headquarters for the event was the
Madison-Sheraton Hotel, where K9VAL

acted as net control. Twenty other hams
sporting an assortment of gear and anten-
nas were scattered throughout the road
course and elsewhere at the Dane County
Exposition Center. KSBIL acted as field
coordinator for these locations.

A bus equipped with 2-meter gear was
ased to shuttle entrants and spectators to
and from various events. WR9ABT, the
MARA repeater, provided clear, concise
communications, - K9ZZ
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