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NIEUWS

Onze rubriek microgebeuren vindt u
weer op pagina's 40, 45 en 46

SOFTWARE

Een praktische toepassing van de mi-
crocomputer vindt u in het artikel "Mor-
se decodering met KIM'. De geseinde
tekst verschijnt op het display van de
KIM. Het is evenwel ook mogelijk met
wat wijzigingen dit programma te laten
lopen op andere 6502 machines. (blz.
36)

GRAFISCH DISPLAY

Door ruimtegebrek moest vorige
maand de bij het programma behoren-
de symbol table komen te vervallen.
Deze symbol table, plus een correctie
op een drukfout inlijst 1, vindt u op blz.
39

TEST

Deze maand komt het Heathkit H8
systeem aan de beurt. Zoals we van
Heathkit gewend zijn géén compleet
apparaat, maar een zéér goed gedocu-
menteerde bouwdoos. (blz. 41)

CURSUS

Het laatste deel van de cursus Basic
kunt u vinden op blz. 47

Morsedecodering s voor de micro-
computer een koud kunstje...
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SOFTWARE

MORSE-
DECODING
WITH

THE KIM

M.B. Immerzeel

It may be quite nice to be able to say that you are the owner of a microcomputer (if
things continue as they are now, in a few years this will be just as commonplace as
owning a pocket calculator is today), but even nicer is to also own programs and to be
able to spend a number of useful and above all pleasant hours with the device. The
following program, written for the KIM, may contribute to this. It makes it possible to
display received Morse sighals as ‘readable writing’ on the KIM display. Although with a
seven-segment display by no means all letters and punctuation marks can be formed,
and therefore certain symbols had to be found for these characters, after some practice
itis quite possible to read messages sent in Morse code from the display. The program
can be used not only for displaying received messages, but also for practising sending
and for checking the sending technique. From what is shown on the display one can
determine what mistakes are being made while sending. A variant of this program,
namely displaying Morse writing with a teletype, may be expected in a possible
following article.

Background

For transferring written texts by mechanical-electrical means (telex) or via modern
communication methods (teletext or viewdata, for example), itis necessary to use a
coding system in which the writing and reading characters are each represented by a
separate code character. The best-known of these coding systems are the ASCIl code
and the five-unit code as used in telex (Murray code). The advantage of these systems is
that all code characters are of equal length and each code character is divided into an
equal number of long ‘units’ (five in telex), which are also called ‘elements’. Each
element can then be ‘current flowing’ or ‘currentless’, comparable to the ‘1’ and ‘0’ of
the binary system. The specific characteristics of this system, namely that each code
character always consists of a fixed number of elements of equal length and that these
canonly be ‘0’ or ‘1’, make it relatively easy for the machine to recognize the correct



written characters from the supplied code characters.

The situation is quite different with the Morse code system. It might be said that this
system is easier for a human being to analyse with his hearing than the codes
mentioned above, but for the machine it is difficult to digest the fact that the code
characters are irregular both with regard to the number of elements (from one dot for
the ‘e’ to six dots for the error character) and with regard to the length of the elements.
The dashes in these code characters are, after all, three times as long as the dots. Itis
not only the dots and dashes that determine the character. Between the elements of the
character there is a silence which we will further call ‘rest’, and whose length should be
equal to that of a dot. Between the code characters a longer pause must be maintained.
This pause must last as long as a dash. A code character for a space is generally not
transmitted. For this, a longer pause is simply used which must have at least a length of
five dots (seven dots are prescribed now, formerly five dots were used).

In summary, the word ‘de’ in Morse characters looks as in fig. 1. The ‘d’ is a dash with
two dots. The rests are one dot long and the dash is three dots. The ‘e’ is only one dot
and is separated from the ‘d’ by a pause with a length of three dots. The next word will
only begin after a pause with a duration of seven dots. Another problem requiring a
solution is the sending speed, which differs for every telegraphist. It is therefore
necessary first to determine the length of a dot. This is only possible after both a dot and
a dash have been received. This program will therefore not display the first character (or
in some cases the first few characters), or will display it incorrectly. This cannot be a
serious problem. Every transmission is preceded by a call which is repeated several
times. If a sending text has not been generated by a machine, in almost all cases it will
not look as prescribed. We will have to take into account that a dash is not always three
dots long. In this program, the length of two dots has been taken as the limit, i.e. every
element longer than two dots is recognized as a dash. This does mean that a sender can
no longer be ‘copied’ if he sends dots that are more than twice as long as previously
sent dots.

Furthermore, the program must take irregularities in sending speed into account.
Increasing the sending speed causes no problems here. However, reducing the sending
speed must, in connection with the above, be such that the length of the next dot must
in any case be less than twice the length of the preceding one.

To continue following these changes in sending speed, itis necessary always to
remember the length of the last received dot. It can, however, happen that an
uncontrolled key movement by a less experienced sender causes a very short contact,
which is then interpreted as a very short dot. If this ‘dot’ lasts less than half the duration
of the following dots, all following code elements will be regarded as dashes, so that the
operation of the program will then become completely confused. This disturbance can
be prevented by averaging the duration of every received dot with that of the preceding
one. In this way the outliers are ‘smoothed out’ and irregularities have less influence on
correct operation.
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It has already been stated that the sending speed can be increased without limit, but
cannot be reduced without limit. Nevertheless, a stepwise speed change can be
handled reasonably well. Taking the aforementioned ‘averaging’ into account, a step
from, for example, 23 to 16 words per minute can therefore be allowed without difficulty.
Regular reductions in speed can therefore also cause no problems.
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The display

This program was made to display the Morse characters as reading characters on the
KIM display. The difficulty, however, is that it is only a seven-segment display and
therefore cannot display certain letters and punctuation marks. For these letters and
punctuation marks (k; m; n; v; w; X; ?; comma; period and semicolon), a number of
symbols have therefore been devised which resemble the original letters and
characters as much as possible. It has been found that after a relatively short period of
practice the texts, despite the strange symbols, can also be read smoothly at high
sending speeds.

The display shows the texts as happens with a lighted sign. One difference, however, is
that the text always shifts by one position. The characters appear one after another on
the rightmost display and, after reception and translation of the next Morse character,
always shift one position to the left. A space is displayed by leaving the corresponding
display blank.

In list 1, among other things, the punctuation marks used, with their corresponding
Morse characters and display symbols, are given. For translating the Morse characters,
adotisread as ‘1’ and a dash as ‘0’. For the KIM too itis necessary to switch to code
characters that all contain the same number of elements. Here the number of elements
is: 8, namely equal to the number of bits per memory location.

Because all empty memory locations are provided with a ‘0’, errors would arise if the
Morse characters were simply translated into ones and zeros. There would then, for
example, no longer be any distinction between an ‘e’ and a ‘g’, because the dashes (‘0’)
and the empty memory locations (also ‘0’) could no longer be distinguished. Fig. 2
shows how an ‘e’ and a ‘g’ would be read by the KIM. By marking the characters
beforehand with a ‘1’, this error is prevented. Fig. 3 shows how the ‘e’ and the ‘g’ are
translated by the KIM. The markings are indicated by an arrow.

In list 1, under the column ‘CHARACTER’, the code characters into which the KIM
translates the Morse character are shown. Each Morse character is therefore translated
into a binary number, whose hexadecimal value is shown in the column ‘character HEX".
At address 0006 we find the memory location ‘TKEN’. The elements of the code
character are shifted into this one after another. When the character is complete, it is
transferred to the first of the six registers used by the monitor program. Memory lcations
0007 through 000C are reserved for this (fig. 4).
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The subroutine ‘SCHUIF’ is then activated, whereby, starting with register 5, the
contents are shifted one position and the lighted-sign effect is thus achieved. The
memory location ‘TEKEN’ is now available again for the next character (fig. 5).

It was not possible to use the ‘SCANDS’ subroutine of the KIM monitor program. The first
reason is that the program is also used when measuring the length of the elements and
a different delay is required than that used in the CONVD subroutine. The second
reason is that now many more than sixteen characters have to be displayed, so that
more than four bits are needed per code character — and also for the display code.

The flow diagram for the ‘DISPLAY’ subroutine is outlined in fig. 6 and broadly
corresponds to that of ‘SCANDS’.

The ‘character HEX contents’ column of list 1 gives as its lowest value hex 02 for the ‘T’
and has hex 7A for ‘close’ as its highest value (see also list 2). This would mean that
almost 128 memory locations would be required for the display-code table, with more
than 64 unused locations (there are 51 different code characters).

The size of the table can be reduced by ‘moving’ certain characters. It follows from list 2
that for this purpose the characters on row 7 must be reduced by hex 40, those on row 6



by hex 50 and those on rows 5 and 4 by hex 21. In list 1 the new values are placed in
parentheses. The display-code table is in memory locations 02C0-02FF.




The main program

The flow diagram of the main program is shown in fig. 7. The start address is 0200 and
the sending key is connected in parallel with one of the keyboard contacts (e.g. A17 and
A18 of the application connector). After starting the program by pressing the ‘go’ key, the
input and output buffers are first initialized and certain auxiliary registers are reset. The
display registers are loaded with the code character for ‘=, after which the program
waits until the ‘go’ key is released. After release, the program waits for the first code
element.

For these last two program steps the display subroutine is used so that the display lights
up. Immediately after pressing the sending key, i.e. at the start of an element, the
rightmost display goes out because ‘TEKEN’ is loaded with the code character for
‘space’ (3A), which is placed in register 1 by means of subroutine ‘schuif’.

The program step ‘reset character’ loads ‘TEKEN’ with hex 01 for the marking. The
‘DISPLAY’ subroutine is also used for measuring the length of the element; itis run
through a number of times and during each cycle the counter ‘ELEMEN’ is increased
(fig. 8). The display program must therefore have a certain length and memory location
031E is loaded with hex FF for the correct delay.

At high sending speeds (30 words per minute and faster), it may be better to load this
address with hex 7F. The delay is thereby reduced so that a larger number of
measurements takes place in a given time.If the sending key is held down too long
continuously, an error indication follows (the eighth bit of ‘ELEMEN’ becomes 1).At the
end of the element, that is, at the beginning of the following rest, it is checked whether
the element was a dot or a dash. This is obviously not possible after receiving the first
element. Only after two elements of different lengths have been received can this
measurement take place. The subroutine ‘VERGELIJK’ (see later) ensures that the length
of adotis calculated. Memory location ‘LENGE’ (0000) is then filled with twice the
length of a dot. The contents of ‘ELEMEN’ are compared with this. If the element is
longer (dash), CLC follows; otherwise SEC. The program step ‘ROL teken’ now shifts
respectively a 0 or a 1 into the first bit of ‘TEKEN’, while all other bits shift to the left (fig.
9). Furthermore, if the element proves to be a dot, subroutine ‘MIDDEL’ calculates the
average value of the new length of the dot with the previous one (fig. 10).

The greatest number of elements from which a Morse character can consistis six. If we
add the marking character, a maximum of seven bits of the eight bits of memory
location ‘TEKEN’ are therefore needed. If the marking character nevertheless reaches
the eighth bit, this is an error and an error indication follows. This error will occur with
telegraphists who do not leave enough space between the Morse characters and thus
‘stick’ everything together.

The length of the rest is determined in a corresponding manner to the length of the
element. The flow diagram is therefore also the same as that in fig. 8. For element and
‘ELEMEN’, however, ‘RUST’ must now be read. The counter is now memory location
‘RUST’ at address 0005.



In theory, the length of the restis equal to that of the dot. It is better, however, not to rely
on this and always average the length of a rest with the preceding one, just as with the
dot. This method is therefore also applied in this program, although for the first
character, when the length of the rest is not yet known, the length of the dot is taken as
the standard. In practice this proves to work well and guarantees that the first correct
character appears on the display in the shortest possible time.

Memory location ‘LENGE’ at address 0003 is then filled with twice the length of a rest.
The contents of ‘RUST’ are compared with this and it will then become clear whether it
is really arest or a pause.

In the case of a rest (end of character is: no), after resetting ‘ELEMEN’ and ‘RUST’ we
proceed to measuring the new element which has now begun. In the case of a pause,
the code character is complete (end of character).

Just as with the element, this pause can be held for a very long time, causing the ‘RUST’
counter to overflow. This is by no means considered an error and in this case the KIM
automatically gives a space.The next program step determines whether the telegraphist
has sent an error indication (six dots). If so, the display gives ‘FFFFFF’. Otherwise itis
checked whether the contents of ‘TEKEN’ must be changed to limit the size of the
display-code table (list 2), after which subroutine ‘SCHUIF’ shifts the contents of the
display registers and puts the contents of ‘TEKEN’ into the first display register.As far as
the length of the pause is concerned, there are now two more possibilities. The pause
lasts approximately three times as long as the rest. In this case, after resetting ‘TEKEN’,
‘ELEMEN’ and ‘RUST’, we proceed to measuring the first element of the next code
character, which has already begun.

The pause is longer (seven times as long as the rest or much longer). This means the
end of a word. The program now optionally waits for the first element of the next code
character and will then, after first giving a space, reset as under a and measure the
length of that element.If everything is correct, the pause between two letters of a word
lasts approximately as long as three rests. This pause can then be found by comparing
with four times the length of a rest. Most telegraphists, however, make this pause too
long (for fear of ‘sticking’?). The result could be that the KIM gives a space after every
letter. It is therefore better to compare with six times the rest. The subroutine ‘LANG’ at
address 0388 is intended for this, and can be called by placing hex 8B at address 0298.
Forthose who want to practise sending with the KIM, it is also possible to compare with
four rests (‘short’) or five rests (‘medium’) by placing respectively hex 7C or 80 at
address 0298.

In the foregoing, there was mention three times of an error indication: once for holding
the sending key too long, then for too many elements in ‘TEKEN’, and finally for sending
the code character for ‘error’. In the first case the display shows ‘LLLLLL’ and in the other
cases ‘FFFFFF’. For this purpose the relevant code character is loaded into ‘TEKEN’ and,
by running through the subroutine ‘SCHUIF’ six times, is placed in all six display
registers. The program now returns to ‘wait for end of element’ (fig. 11).






The subroutine ‘vergelijk

The compare subroutine is used exclusively, when receiving the first code elements, to
determine which element is a dot. Once the length of a dot is known and ‘LENGE’ has
been loaded with a value that is twice 20 [the source OCR reads ‘20’ here] times as
large, this subroutine no longer serves any purpose. Right at the start of the subroutine it
is therefore determined whether ‘LENGE’ is loaded or not (fig. 12). After receiving the
first element, ‘LENGE’ and ‘VERGE’ are still empty and the contents of ‘ELEMEN’ are
loaded into ‘VERGE’ (0001). Obviously it is not yet known whether this is a dot or a dash.
The contents of ‘VERGE’ are further used to compare the length of the next element or
next elements with it. The program step ‘geen resultaat’ establishes that the length of
the dot is not yet known, after which it jumps back to ‘wait for element’. After receiving
the second element, the situation is therefore that the length of the first elementis
recorded in ‘VERGE’ and the length of the second in ‘ELEMEN’. There are now four
possibilities. It is clear that only in situations b and c is the length of a dot found and
‘LENGE’ is filled with a value corresponding to twice the length of a dot. In casesaand d
no result is reached and a wait is made for a following element. This will repeat until
situation b or c occurs.

a. VERGE: dot 2 x ELEMEN > VERGE 2x VERGE > ELEMEN
ELEMEN: dot

b. VERGE: dot 2 x ELEMEN > VERGE 2x VERGE < ELEMEN
ELEMEN: dash

c. VERGE: streep 2 x ELEMEN <VERGE
ELEMEN: dash

d. VERGE: dash 2 x ELEMEN > VERGE 2x VERGE > ELEMEN

ELEMEN: dash
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Discussion of the program

The complete program is given in list 3. The attentive observer will be able to discover a
number of minor imperfections in it. The only consequence of these imperfections is
that a few more memory locations are used than was strictly necessary. | therefore did
not see sufficient reason to rewrite the entire program for this, with the risk of
introducing errors which are not always equally easy to trace again.

In brief, some important points follow:

— Start at address 0200.
— Sending key between pins A17 and A18 of the application connector.

— After receiving two different code elements (a dot and a dash), the characters
become visible on the display.

— With a very slow sender the display shows ‘LLLLLL".
— With a ‘sticker’ or an error indication ‘FFFFF’.
— Anincrease in sending speed is accepted without any problem.1

— A stepwise reduction of less than 1/3 of the sending speed is also accepted. At high
sending speeds, hex 7F at address 031E.

— For sending practice, hex 7C at address 0298.

— Interference pulses (e.g. when receiving radio signals) can disturb the program. All
elements are then registered as dashes. In that case restart the program.



Auxiliary circuit

A circuit by which signals from a receiver can be converted into pulses for the KIM is
sketched in fig. 13. The circuit is sensitive but has too low an input impedance to be
connected directly to the output of a detector. For the DC voltage, the 12V supplied by
the KIM power supply can be used. The input sensitivity is adjusted with potentiometer
P1. The signal tapped from the low-frequency section of the receiver (possibly from the
loudspeaker connection) is amplified by T1 and rectified by diodes D1 and D2.
Transistors T2 and T3 are connected as a Schmitt trigger. In the rest state T3 is
conducting and therefore T5 and T6 as well. The LED is short-circuited by T5 and is
therefore off. Because T6 is conducting, T4 is cut off (the KIM experiences this as ‘0’).
The transistor T4 is connected to A17 and A18 of the application connector (note the
correct polarity, A17 is emitter).

If a sufficiently large signal arrives at the input, T2 conducts. T6 cuts off, causing T4 to
open and A17 and A18 to be practically short-circuited. The KIM experiences this as ‘1.
T5 also cuts off, so that the LED connected in parallel with it lights up.

To adjust P2, make sure there is no signal at the input. Potentiometer P2 is now adjusted
so that the LED just does not light. Then connect the signal to the input and turn up P1
until the LED makes the Morse characters visible by lighting.

In fig. 14 the PCB is drawn and in fig. 15 the component layout.
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