Cassette input port

Unlike some microcomputer systems
available at present which allow the
transfer of data to and from a cassette
recorder, the Apple II and ITT 2020
depend virtually entirely on software
for analysing the output from the
cassette when reading data, and gener-
ating a suitable signal for it when
writing data. This means that the data
is available to the processor in virtually
the same form as it is recorded on the
tape, with only a Schmitt in between to
‘‘clean” it up a bit; it’s not buffered off
from it by a p.ll. or frequency
comparator. This means that one can
perform various functions on the
signal fed into the data input (which of
course, doesn’t necessarily have to have
come from a cassette recorder. This is,
however, probably the best way to
start as it will already be hooked up).

Period measurement

By deriving a means to measure the fre-
quency or period at this point, the
value obtained can be used by other
programs for control or effect . . . or
anything else.

In this case the result determines the
colour of a pattern displayed in the lo.
res. graphics mode. The number of
other applications of the technique are
only limited by the user’s imagination.

Whistling is chosen as the best input
(when usintg a microphone) as it gives a
purer waveform than, for instance, voice
input. Hence results are more reliable
(see later, however).

Software

The technique produces a number pro-
portional to the period of the incoming
signal by starting a counter at a 1 to
transition and stopping it as soon as a
0 to 1 transition is encountered.

One sample of thé period measure-
ment would probably do on its own if
the signal to be measured were clean (a
pure sinewave or squarewave for
example), but there are bound to be
various discontinuities or extraneous
noises involved too and these will
almost inevitably cause errors.

To get round these problems not just
one, but sixteen samples are taken and
the results stored in memory.

Averaging

In the next stage all the sixteen samples
are added together, the result being
stored in memory (two bytes). This
value is then divided by sixteen to yield
the average value of all the samples. This
has a far greater chance of being repre-
sentative of the actual period than the
value obtained from a single measure-
ment.

Initially this part of the program was
done in BASIC with only the period
measurements in machine code; but the
BASIC section proved too slow for most
applications and so the averaging is now
included in the machine code section.

The sixteen samples are stored in
memory locations 0300-030F.
Locations 0310-0325 contain the sub-
routine which actually carries out the
period measurement, whilst locations
0350-037F is the averaging program.
L The control program (0330-0348) calls
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up the above two subroutines, and also
determines the number of samples to be
taken and where they are stored.

Locations 0328 and 0329 hold the
low and high order bytes of the sum of
the samples, and the final average value
is stored in location 038F. This can be
examined when in BASIC by PEEK-
ing (911).

Source code

The programs are fairly self-explana-

tory. The division by sixteen is per- colour of the display depending on the

Listing
0300
01
02
03
o
OF A
0310 A901 LDA 01
12 A200 LDX 00
14 2C60CO BITCO060
17 30FB BMI
19 E8 INX
1A 2C60CO BIT C060
1D 3003 BMI
1F 4C 1903 JMP 0319
22 8A TXA
23 91FA STA (FA), Y
25 60 RTS
0330 A900 LDA 00
32 85 FA STA
34 A903 LDA 03
36 85 FB STA

formed by a right shift operation done
four times, from location 0329 through
the accumulator. Since none of the
period samples taken could be greater
than 225,,, it follows that the average
must be less than this too — hence the
result must fit into the accumulator.

Basic program
This program puts the colour display

up on the screen, and after calling up
the machine code program, varies the

Storage locations
for period measurements

Initialise flags and counter

Zero yet? No, test again
Yes: Increment X

One yet? No? Go back and
inc. X

Yes: Goon

Transfer X to A and store
final count in relevant
location. Return.

Set up pointer

Titstiotion by N, E. One:
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38 A000 LDY 00
3A 201003 JSR 0310
3D C8 INCY
3E CO010 CPY 10
40 FO0O03 BEQ
42 FC2A03 JMP 033A
45 205003 JSR 0350
0348 60 RTS
0350 A9 00 LDA 00
52 8D 2803 STA 0328
55 8D 2903 STA 0329
58 A000 LDY 00
5A 18 CLC
5B 790003 ADC 0300, Y
5E 9003 BCC
60 EE 2903 INC 0329
63 C8 INY
64 CO10 CPY 10
66 FO0O03 BEQ
68 4C5A03 JMP 035A
6B 8D 28 03 STA 0328
6E A204 LDX 04
0370 6E 29 03 ROR 0329
73 6A ROR A
74 CA DEX
75 EO000 CPX 00
771 FO0O03 BEQ
79 4CT7003 JMP 0370
7C 7D 8F 03 STA 038F
7F 60 RTS

Zero counter for no. of
samples

Call subr. for period measurement

16, o samples taken yet?
No, repeat. Yes, finished.

Call averaging subr.
Return to Basic prog.
Clear

storage

locations.

Clear Y reg.

Perform additions

Increment high order storage
byte on carry
All done? No, return

Yes, store low order byte

Perform + 16, o process by 4
right shift operations
through accumulator

4 completed? No, return

Yes, store result
Return

Basic program listing
200 GR
205 CALL 816: W = PEEK (911)
220 IFW<11 THENW=11
230 IFW> 110 THEN W =110

: NEXT
244 GOTO 205

AT (20—N): NEXT
250 GOTO 205

240 COLOR = INT ((W — 3)/108 * 15)

242 R =RND(1): IF R> 0.5 GOTO 245

243 FOR N=1TO 19 STEP 2: HLIN(20—N), (20+N) AT
(20+N): VLIN(20—N), (20+N) AT (20+N): HLIN (20—N),
(20+N) AT (20—N): VLIN(20—N), (20+N) AT (20—N)

245 FOR N = 19 TO 1 STEP —2: HLIN (20—N), (20+N)
AT (20+N): VLIN(20—N), (20+N) AT (20+N): HLIN
(20—N), (20+N) AT (20—N): VLIN(20—N), (20+N)

Generator listing in M/C code

038F

0390 A9 08 LDA 08
92 8D 30CO0 STA C030
95 88 DEY
96 DO 04 BNE
98 E9 01 SBC 01
9A FO11 BEQ
9C ' CA DEX
9D DO Fé BNE
9F AE 8F 03 LDX 038F
A2 48 PHA
A3 A903 LDA 03
A5 E901 SBC 01
A7 DO FC BNE
A9 68 PLA
AA 4C9203 JMP 0392
AD 4C 3003 JMP 0330

Location for pitch data
Load A with duration
Toggle Speaker

Decrement X until zero and
toggle speaker each time
round. Decrement Y too, but
only decrement A by 1 after
255, Y decrements.

Variable delay in pitch loop
to tune final o/p frequ. to
match that coming in

Back to main prog.

frequency of the incomin% signal.

The system assumes the signal has a
frequency range from about 400Hz to
about 2KHz, this being considered a
reasonable range to whistle over. Any
measurement yielding values that are
outside this preset range are “clipped”
into it by lines 220 and 230. Line 240
normalises the measurement into an
integer between 1 and 15: ready to set
the colour of the pattern to one of the
fifteen possible on the system.

Line 242 makes the display slightly
more interesting by randomly selecting
the ‘““tunnel in” (line 245), or the
“tunnel out” (line 243) subroutine.
These two subroutines change the colour
of about ten concentric squares, the
only difference between them being the
STEP value which selects motion inwards
if —2, and outwards is +2.

Looping

As it stands, the processor remains in a
loop in the machine code program
awaiting any input to the cassette input
port. Whilst in this loop it cannot accept
data entered from the keyboard — or
anywhere else — only, in fact, from the
cassette input. Control can be returned
to the keyboard via the usual RESET;
control C. If desired this can be remedied
by putting in a “look at keyboard to see
if the key has been depressed” type of
programme between lines 0314 and
0317, and jumping out of the loop if it
has. This was omitted to keep the num-
ber of machine cycles within the loop to
a minimum and thus allow the highest
possible frequencies to be measured.

- -

Other applications

The technique has been used success-
fully in other applications (the one
described here was really by way of an
example) such as in a software fre-
quency of the incoming signal against
time; and, if suitably modified, in
speech analysis and synthesis.

A reciprocal machine code program
could be added. This would form a
generator (using the internal speaker)
producing tones of the same frequency
as those measured by the above arrange-
ment when presented with the same
data. Thus the Apple could “whistle”
along with you — albeit rather roughly
as it would have to stop every so often
to see what you're whistling.

A suitable machine code generator
program is also given. It’s a modified
form of the one listed in the Apple II
Reference manual, except that the dura-
tion is preset (byte in location 0391)
and also a “tuning” factor is added to
make sure it “whistles” what it “hears”
(using the terms euphemistically). Lines
03A2 — 03A9 perform the latter. In-
crease the value at 03A4 to flatten the
generated frequency for a given input,
and reduce it to sharpen the generated
frequency.

Linking up

The generator program can be linked in
to the analyser program as follows: Line
0348 changes from 60 (RTS) to:

0348 4C 90 03 (JMP 0390).

P.S: If you can’t whistle, you’ll just
have to learn to hum sinusoidally.
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