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PRECISION ECHO-SOUNDER TRACKER

INTRODUCTION

This is a micro-processor depth digitiser and bottom tracking system.
The aim of the tracker is to produce a smoothed estimate of the depth
including phase information every two minutes and to internally save
(as long as thé mains is on) up to 34 hours worth of depths in metres
with their associated times. A remote entry terminal allows the watch-
keeper to provide a starting time and at any time ﬁo preset the tracker
to a new depth should it have lost the bottom signal. Marker pulses sent
to the P.E.S. recorder show the start and end of the tracker's sampling
window and should hover about the echo. 1In deep water when several trans-
mission pulses are in the water-path it will still be necessary for the
watch-keeper to turn gating on and off otherwise the tracker is sure Fo
lose the bottom in the transmission reverberation. However, with gating
on the computer will reccgnise any sweep containing a transmission pulse
and not use this information for tracking, i.e. the sampling window will
not be moved. On other sweeps in the gating cycle the echo can be followed

through the transmission.

OPERATION

Switch on the remote keyboard and check that it is plugged in to PEST.
If it is not connected PEST will expect to get its initial time from a
terminal connected to the external serial port and will wait for this.
If the remote keyboard is connected, switch on the printer and PEST and
the program will start executing with an assumed time of 00.00 Day 1 1983.
Enter the time as four digits of hours and minutes followed by the day
number as three digits. An incorrect entry will cause the error pattern
to be displayed for a few seconds. Try again. A correct entry will be
redisplayed with a space inserted between time and day number. After a

few seconds this will disappear as it is transmitted to PEST. To get



the time correctly synchronised press ENTER TIME on the minute as entry
causes the seconds to be cleared. While waiting for the minute the entry
display will time-out to be replaced by the regular depth transmission
from PEST. The entry can be recalled with the RCL key or cleared with
the C/E key. Now a starting depth can be entered. This may be from
1 to 4 digits but not zero nor must it exceed 8999. A correct entry
will cause the display to shift to the left hand side withbleading zeroes
added if necessary. This will soon disappear as it is transmitted.

A new depth can be entered at any time should PEST lose track. An
indication of the success of tracking is provided by a pair of lines
that should bracket the echo on the echo-sounder. These lines will be
present at switch-on but can be removed by pressing the red button on
PEST. Successive présses turns them on and off. 1In addition the time
will be printed ouf on the Mufax every six minutes and the smoothed depth
which is transmitted to the ship's logging system will be displayed every
two minutes below the two-minute mark it corresponds to.

PEST, as yet, has no control of the gating of the echo-sounder but
does need to know when gating is on. At least one Mufax has been modi-

fied to provide an external contact closure in parallel with the gating

switch.

PRINCIPLE OF OPERATION

The zero-depth pulse from the echo-sounder starts a count-down to a
sampling window. The audio output from the recorder is then digitised
and stored till the end of the window is reached. The stored signal
is examined for the strongest leading edge of the bottom signal with a
bias towards finding it near the centre of the‘window. The count-down
delay for the next sweep is then adjusted to centre the window more
nearly on the strongest echo. This adjustment is filtered to aveid an

erratic response to a noisy signal. Every sweep a new depth value is



computed from the position of the centre of the window and these are stored
away so that on the odd minute, two minutes worth of depths centred on the
previous even minute can be filtered., It is this value which is displayed

on the recorder and with its associated time is transmitted to the ship's

computer.



PROGRAM DESCRIPTION

The main program starts by calling a subroutine that initialises
parallel and serial ports and sets up a counter/timer to provide the
1 kHz sampling frequency and a one second pulse for the internal clock.
Various locations in RAM are then cleared including the error flags. A
number of other flags are initially set and the interrupt mask pattern
is preset to allow sweep trigger and one second pulse interrupts. With
all interrupts disabled a request is made for the time to be entered
from the control terminal. However, if the remote keyboard is plugged
in and running the program will start executing immediately with a
default time and depth. A whole set of constant parameters are then
transferred to the working locations and then the internal interrupt
flag is cleared, Sampling of the signal is achieved through interrupts
so the main program need only loop round until it detects that the sampling
done flag has been set. In this loop error messages if any are printed,
the spot depth is displayed and transferred to the remote terminal. The
front panel switches and the remote depth enﬁry are checked for any change
and the time is regularly checked. Every even minute the spot depth and
time are printed and on the hour a heading as well. Each spot depth is
stored in an array which on the odd minute is applied to a filter which
smooths two minutes worth of depths centred on the even minute. The
filter output is then transferred to another array where the time is
attached to it. BAn attempt is made to send a batch of recent depths to
the ship's logger and if unsuccessful a note is made that fhe depths are
pending and an attempt will be made to send them next time. Up to 34 hours

may be backed up like this.

SUBROUTINE DESCRIPTICNS

INIT

Program the parallel and serial ports and the interval timer. Set

up clock constants and variables.



Three 8+8 bit parallel I/0 ports are programmed to define data
directions and the use to be made of their control lines.

(1) ADC PIA at $8004 all 16 bits are defined as I/Ps. Twelve from
the ADC and four as spare logic I/Ps. No control functions are selected
at this time.

(2) DAC PIA at $8008 fourteen bits are made 0/Ps. Ten to the DAC
and four to the edge connector to drive LEDs. CAZ2 is programmed to
interrupt on a negative'transition every 1 second to advance the internail
software clock. CBl is programmed to interrupt on a positive-going start
of sweep trigger.

(3) The A side of the PIA at $8020 is later programmed to provide
BCD communication among local LCD display and thumbwheel switches.

The B side of this PIA is set to provide 7 bits out to the Anadex
printer and 1 bit (the most significant) in to indicate the readiness of
the printer.

CA2 is programmed as an O/P generating a low strobe pulse as data
is written to the printer.

(4) A triple counter/timer appears at $8040. Only one of these is
actually needed to delay before sampling the echo, but use is made of
the other two sections:-

Countef 0 divides by 1000 from the CPU clock at 1 MHz.

Counter 1 counts down from counter 0 O/P to provide 1 second for the

clock.

Counter 2 counts down using the 1 kHz from counter 0 to generate an
end of delay interrupt.

(5) The control terminal (during development) uses a serial interface
at $9002. During use this interfaces with the ship's computer system.

(6) Initial time information is copied from ROM to RAM including a

list of limit values, i.e. 60 for seconds and minutes, 24 for hours, etc.



Communications

There are a number of I/P and O/P routines to cope with the control
terminal, the parallel printer, front panel display and local depth entry
switches and a serial (RS232) bus to communicate with a remote entry
terminal,

These are orxrganised as three ports in order to sharg various I/0
processing routines such as the output of HEX or BCD, fetching a
character with a time-out and ASCII string printing.

Port 0 uses the original serial port of the utility routine and
uses subroutines in that routine.

Port 1 is an extra serial port for communicating with the remote

keyboard.

Port 2 is a parallel output port to drive the Anadex printer.

INPRT

Calls INCH or ZINCH depending on the port number specified by PORTNO.
OUTPRT

Calls OUTCH, ZOUTCH or PRINTC depending on the port number.

GETERT

Calls GET or ZGET.

"PRINTC

X Reg is saved then loaded with a value that gives about 1/2 sec
delay in a wait loop if the printer is not ready; If it is the character
is sent. A C/R is followed by a L/F to cause the printer to print its
buffer contents. The X Reg is then recovered and the routine returns with
the character sent in Acc. A,

PRINTS

The character string pointed to by the X Register is sent to the
port until the terminating byte 04 is reached.

ZQUTHL etc.

A set of routines to print left or right half of a byte in HEX and
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hence a whole byte, whole byte and space or a double byte and space. These
routines will also work with packed BCD digits.

ZINCH

Input a character from port 1. The parity bit is masked off and the
program drops through to echo the character.

ZOUTCH

Output a character to port 1.

GET

Port 0 is examined for waiting character but if none only about two
character times (at 2400 baud) are wasted before the subroutine returns
with a null character.

ZGET

Does the same as GET but for port 1.

CLOCK

The interrupt service will call this subroutine every second. Before
the time is advanced and if the previous seconds were even the new depth
value is stored on a rotating stack starting at $1000. After storing a
new depth in two bytes the pointer is advanced but if it goes beyond the end
of the stack it is reset to the start so that only the most recent two
minutes worth of depths is retained.

The time is advanced one second. If the seconds reach their limit
of 60 the seconds are cleared and the routine advances rouﬁd the loop and
increments the minutes. If they reached their limit then ... etc.

On January lst the days would be reset so zero day number is changed
to 1.

CVBTD

Converts a double byte of binary in the X Register into a terminated
string of ASCII digits. Starting with 10,000 successive powers of ten
are repeatedly subtracted from the binary number. The number of times

each power GOES is counted then converted into an ASCII character which



is added to the string result. The string is terminated with 04 and the
X Reg. is pointed to its beginning ready for a call to print.

INDEC

Fetches four decimal digits via INDIG and packs them into the two
bytes DIG and DIG+l1. A non-digit value causes a return. If more than
4 digits are entered only the last 4 will be retained.

INDIG

Fetches a character from the input port. If it is a digit it is
converted to binary and the carry bit is cleared. A character other than
a digit will cause the carry to be set.

TWOMIN

This routine is called regularly whenever the processor has spare
time and between interrupts. The depth and time are printed at the
beginning of the even minute, The EVNMIN flag set initially and during
the odd minute allows the routine to test the minutes for even. As soon
as the minutes become even the depth and time are printed but then EVNMIN
is cleared, preventing further printing until minutes have been odd.

Print two minute data. First a check is made for zero minutes
HRHEAD then hours, minutes and seconds are printed; The depth (internally
in msecs) is scaled to metres then converted into a decimal/ASCII string
and printed followed by the estimated phase and an optional signed slope
value.

HRHEAD

The flag HRFLG plays the same role here as EVNMIN preventing repeated
printing while the minutes are still zero.

HEADING

If the minutes have just become zero an hourly heading is printed

followed by the day no. and year and column headings.



ERRS

There are seven RAM locations which can be set to signal up to seven
error conditions. Pointers are set to the beginning of these error codes
and to a list of error messages. The routine examines each code in turn
for a non-zero value when it prints the error message and clears the error

code. It is possible for all seven errors to occur at the same time.

GETTM

Get the time from the control terminal. After printing the request
for the time 4 groups of decimal digits separated by any non-digit
character (except ESC) are copied into the clock variables in the order
hours, minutes, day number and year. A mistake can be corrected with
ESC which returns to the beginning of the routine. On completion the
thank you message is sent.

ADDX:

Add DATSIZ, the width of the sampling window, to the index register.

ADDA

Add Acc. A to the index register. The two's complement number is
extended into Acc. B.

INTERRUPT SERVICE ROUTINE

All peripheral interrupts cause the program.tc be vectored to here.
When a transition occurs on a peripheral control line an internal flag
is set regardless of whether the device was enabled to intgrrupt.' It
is thus necessary to keep a flag byte up-to-date to identify which device
is enabled to request an interrupt. As each of 4 possible devices is
interrupt enabled its flag bit is set. When the device is disabled the
flag bit is cleared; These flags are O/P to the edge connector each
time an interrupt occurs for scope monitoring.

On an interrupt each of the peripheral internal flags is shifted
into Acc. A which is then anded with the flag byte so that only enabled

interrupts are acknowledged. On a trigger, ADC end-of-conversion or



end of delay interrupt the appropriate routine is executed and then the
peripheral flags are tested again in case either another interrupt has
occurred during the servicing or in the event that two interrupts had

been simultaneous. Every trigger pulse the clock timer is reloaded to

count 500 msecs. .This keeps the internal clock synchronised with the
trigger rate and phases the 1 second pulses so they occur a quarter and three
quarters of the way across the echo-sounder sweep.

A dot-matrix display on the recorder is initiated when required on the
one second interrupt, either on the left or right hand side of the paper
depending on the position of the bottom echo. The clock timer is reloaded
with 1000 msecs and the clock subroutine is called to advance the time.

If no flags are set a return from interrupt is executed. Since
interruption can only occur if the interrupt mask is cleared and this is
automatically set when the interrupt occurs there is no danger of the
service routine being interrupted itself.

TRIG

On receipt of a trigger TRGFLG is set. This can be cleared in the
main program and tested if synchronism is required. If the delay is
counting down when the trigger occurs the error EXTRA TRIGGER is flagged
and the timer is stopped and its interrupt capacity disabled. A count
is kept of the number of false triggers that occur consecutively. If
the delay was not active the false trigger count is cleared.

If the sampling done flag is cleared and the delay value is non-zero
the delay timer is loaded, its interrupt enabled and then started. Had
the delay been zero then the sample count DATCNT is initialised from
DATSIZ and sampling interrupts enabled. In order to mark the position
of the tracking window on the recorder the Mufax mark bit is set low;
(Negative logic is used).

TIM

when the count-down finishes sampling is initialised as above when

the delay value was zero.
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Note that the delay value is a program variable not the instantaneous
counter value. In fact the counter is never read.

SaM

The program arrives here when sampling is enabled and an ADC conversion
has just been completed. However, the sampling done flag must have been
cleared, if not then sampling is disabled -~ likewise if the number of
samples required happens to be zero.

Setting the Mufax mark bit clears the pulse sent to the recorder.

Thus the start of the tracking window has been indicated.

Should the display mode flag be set data is not sampled but instead
subroutine RASTAS is called to output one dot of a depth or time display
on the recorder. When the display mode flag is clear a(ﬁata sample is
taken from the ADC.

When after subsequent calls to SAM the sampling is finished the number
of signal overloads or the lack of them is used to calculate the binary
gain ranging value to be applied during the next sweep. This acts as a
course AGC reducing 12 bits from the ADC to 8 bits by left shifting up to
4 times. TVG is applied prior to this to eliminate the surface reverberation
and filter ringing immediately after the transmission. When DATCNT is 2
indicating that this is the penultimate sample the Mufax mark is turned on.
This is turned off again one sample later to mark the end of the sampling
window on the recorder,

ADJUST

The delay value having been adjusted to shift.the sampling window to
track the echo, half the window width is then added to give the position
of the echo (in msecs) from the beginning of the same sweep. Multiples of
2000 msecs are added for each phase value greater than 1. Phase 1
corresponding conventionally to 0-1500 metres. A phase of lgss than 1
or greater than 6 generates the error PHASE QUT OF RANGE and no adjustment

is made. Finally an offset of 8 samples is added because in the cocurse of
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edge detection the data was shifted ahead this amount. The result is the
absolute depth but expressed in msecs.

EDGE

This is the edge detecting routine. The algorithm is a correlation
of 2N + 1 (N = 8) samples with a ramp that runs from -8 to +8. To speed
it up the process is made recursive. To prepare for running the algorithm
the first 17 samples are added up and the gradient is set to zero. The
oldest sample can be considered to have been multiplied by -8 thus adding
8 times the oldest cancels this out. Adding 9 times the new sample will
achieve the effect of multiplying by a ramp running from -7 to +9. Sub-~
tracting the running sum gets the desired result. It is now necessary
to update the sum by subtracting the oldest and adding the newest samples.
The gradient is scaled up by eight but if negative is set to zero. This
is stored back at the beginning of the array givihg it a -8 sample offset.
To avoid problems at the end of the array the correlation stops 17 samples
from the end and the rest of the array is cleared.

VG

Applies Time-Varied-Gain at the beginning of the sweep to remove the
transmission reverberation. If the gating on flag is set application of
TVG is skipped. It is first necessary to find where the sample is in
relation to the start of sweep. DATCNT is a decreasing sample counter
and is thus a measure of how far from the end of the window the sample is.
Subtracting this from DATSIZ the window width and adding the delay gives
the required sample position. If this results in a value greater than
2000, 2000 is subtracted. 1If the sample is within the first 72 it is set
to zero. Within the range 72 to 200 (128 samples) the echo is ramped up
by multiplying by the fraction - twice sample position from 72 divided by
256, Tbis has the effect of ramping it up linearly. When the edge detec-

tion algorithm is applied it is not likely to see a significant edge in this
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region due to the gentle rise. Turning off TVG in the gating mode will
allow the tracker to follow an echo through the transmission provided
it only processes on sweeps when transmission has been gated off.

PEAK

This routine looks for the highest sample in an array that has been
passed through the edge detecter and thus consists of rounded peaks. It
is only necessary to find that sample which is greater than its previous
neighbour and greater than or equal to the next sample. As each local
peak is found it is weighted according to its distance from the centre
of the window. The weighting function is one in the middle decreasing
linearly to zero at either end. This local peak is compared with any
previous one recorded and displaces it if it is bigger. At the same time
the offset of the peak from a previously set prediction is compared with
any earlier offset and displaces it if the offset is smaller, When the
routine has run its course we have two peak values and their positions -
the largest overall after weighting and that one (often the same) which
is nearest to the prediction. The prediction is normally the centre of
the window but could be shifted either way to provide a bias when the
bottom is sloping.

WEIGHT

Weight a peak value, one in the centre to zero at the ends of the
sampling window. As the window width may be altered weight must work
with whatever width exists; (Unlike TVG which using binary tricks to
simplify the weighting operation). If the peak position is before the
centre then that position value can be used in the weighting. If it is
after then its position in the window is subtracted from the window size.
The wiighting algorithm then multiplies the peak value by position from
ends of window and divides by the window width. The operands for the

division are scaled down if necessary to suit the division subroutine.
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SHFTGT

Adjusts the delay to move the sampling window. Given the processed
echo position relative to the start of the window subtracting half the
window size provides a signed offset from the centre of the window.

Adding this to the present delay provides a new delay {(which may go out

of range). A negative result i.e. the delay moves back before the trans-
mission is corrected by adding 2000 and the phase value is decreased by

one. A value of delay greater than 1999 has 2000 subtracted while the

phase is advanced by one. If the delay jumps like thié subsequent filtering
would cause a large transient so the adjusted delay value is used to
"pre-charge" the filter accumulator - AVDPTH.

CvDTB

Convert from decimal to binary. Four decimal digits axe converted
to a double byte of binary, starting with the mést significant digit
1000 in binary is added to a results accumulator while the digit is
decremented to zero. The process is repeated for the remaining digits
with 100, 10, and 1s being accumulated. The result is returned in Acc.s
B-A.

CVRTMS

This routine converts manually entered absolute depths in metres
into a sample count in msecs.  from the start of sweep plus a phase value.
A number of multiples of 1500 are subtracted until the result is less than
1500. The number of times less one that 1500 goes is the phase. The
remainder is scaled by 4/3 to convert from metres to msecs. and returned in
the index register.

Multiplication and Division o

The hardware multiplier has internal registers for data, control and
results and appears in the memory between $FC and $FF. The multiplier
does an unsigned multiply of two single bytes to produce a double byte

product. The divider divides a double unsigned byte by a single byte and
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generates one byte of quotient and the remainder. The chip is designed to
operate as one of up to four to give high resolution results but can be
used alone.

Arguments are passed to these arithmetic routines by pushing them
onto the stack before calling the subroutine and then using the index
register as a pointer to the operands then the results.

MPYDBL

Double byte times single using the internal accumulation. The result
will run to three bytes but the least significant is not returned.

DIVDBL

Divides two bytes by a single byte and returns the quotient and
remainder. If an overflow occurs the carry bit is set.

MPY1X3

Multiplies three bytes by a one byte multiplier and returns a four
byte product. Use is made of the internal accumulation.

MPY2X2

Two by two multiplier. )

FILT

A single pole recursive filter to smooth double byte delay values.
The algorithm being:-

¥Y(N + 1) = (X(N)*COEF1 + Y(N)) *COEF2

the coefficients being trimmed to produce zero DC offset to avoid
producing any drift. Y(N) or AVDPTH in the subroutine is preset to a new
value when the delay is changed discontinuouély to prevent a serious
transient being generated.

INBCD

Gets four digits from the front-panel thumbwheel switches and stores
them unpacked in BCDIN. The switches are scanned starting from the least
significant end and since negative logic is used on the BCD bus for

incoming data, the BCD values must be complemented.
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LCD

Displays up to eight digits on the front panel. The high 4 bits of
the byte written to the interface select the digit position while the low
4 bits contain the BCD value. After the byte is written an all ones byte
is sent to latch the data into the display latch/decoders.

INDPTH

Get a depth (in metres) from the front panel. This routine is called
regularly in a loop after processing has been completed and during the wait
for data to be sampled and so will respond to any depth entry. However,
instead of having the program pause in an entry wait loop it fetches the
depth by calling subroutine INBCD and then compares this depth with the
previous saved value. Only if the value is different is this value saved
and further processed. A call to CVDTB converts the four digits of unpacked
BCD into a double byte of binary. CVRTMS changes this into msecs. into the
sweep plus the phase value. Subtracting from the echo position the half-
width of the sampling window gives us the delay value required to centre
the window on this depth. This subtraction may put the delay value out
of bounds and so it is tested for negative or greater than one sweep. The
result is the new delay and is also stored in the delay filter variable
AVDPTH to prevent a transient.

DISP1

The most recent depth NWDPTH is displayed. NWDPTH is the absolute
(including phase) depth but in msecs. It is converted to metres by multi-
plying by three quarters, converted into decimal digits CVBTD then sent to
the display routine LCD.

DPFILT

Depths are stored every 2 seconds in a rotating store holding just
over two minutes worth of data. On the odd minute these must be smoothed
to provide a good estimate of the depth on the two minute mark. The filter
is a correlator with a reference wave-form that is a leger-weighted sinc.

function and thus gives low-pass characteristic.
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With the coefficients chosen the cut-off frequency is a 0.1 Hz.

As the coefficients are symmetric about their centre only half the
army is needed. Pointers are set to the present oldest depth in the
rotating depth stack and to the beginning of the coefficient array.

As both coefficients and depths may be negative a sign flag preserves the
sign so an unsigned multiply can be performed. (A negative depth could
occur if in a later development it was decided to subtract a mean depth
from the whole array before filtering, thus improving the arithmetic
resalution). As each multiplication is completed, the sign information
is used to add the product to or subtract it from the accumulating answer.
After the middle coefficient has been used the pointer to the coefficients
reverses direction. When the end of the depth store is reached the
corresponding pointer is reset to the start.

STORDP

Every odd minute stores the filtered depth in a new érray. After the
depth has been converted to metres in packed BCD it is stored at the next
pair of locations on the depth and time stack. Next come the year, day
number, hour and the least significant bit of the minutes is initially
set to indicate that the depth has not yet been sent to the ship's logger.
The stack pointer is then advanced eight places until, after about 34 hours,
the stack pointer is reset to the start of the stack and old depths start
getting over-written. If the Mufax display is enabled MFINIT is called to
set up for a display and the depth digits are transferred to the Mufax
display store. |

SRCHDP

After the previous routine the stack pointer will be pointing to the
next available set of locations on the stack which will either be clear
(the whole array was cleared after the power came on) or contain the
oldest depth still in residence. From here and right round to the most

recent depth entry the array is searched for any block with the least
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significant bit of the minutes set. This depth and time are sent to the
ship's logger. (The minutes are made even for this purpose). If the depth
is acknowledged the least significant bit of the minutes is cleared and the
search continues. If the depth has not been received the bit is left set
and the routine returns to try again later.

XMIT

An attempt is made to send a two minute depth and time to the ship's
logger. The carry bit is cleared if this is successful.

PROCSS

Process the newly acquired echo. Edge is called to differentiate the
echo signal and remove trailing waveform edges. Peak identifies the pro-
minent peak from the edge routine. The peak (may not be the biggest)
that is nearest to a prediction is also returned. A decision is made to
choose one or the other (at present the largest is chosen). The position
of this peak is then used as the input to SHFTGT to move the sampling
window to centre it over the echo. The resulting delay value is smoothed
by FILT before becoming the new delay value to be used in the next sampling
session. Subroutine ADJUST converts the new depth into an absolute depth
though still expressed in msecs.

GATEST

Tests whether, when the gating is on, the present sweep contains a
transmission pulse. The position of the sampling window is tested to see
if it overlaps the start of sweep. If not or if gating is off, the carry
bit is set. Otherwise samples from the data array are accumulated from
the start of sweep position up to a maximum of twenty samples or to the
end of the array. DIVDBL is called to convert the sum to an average.
When this is compared with a pre-set threshold the carry will be set if it
is less otherwise a clear carry will indicate that a transmission pulse has

been found on this sweep.

- 18 -



RASTAS

An ASCII string terminated by a carriage return is converted dot by
dot and line by line into a display on the recorder. The dot look-up
table caters for the character set:- 0123456789<=>:;? though a blank is
generated for "?". Two parameters KWIDTH and KLINES allow the number
of dots per pixel to be chosen and the aspect ratio adjusted.

SEND

Transmits the depth to the remote keyboard each time a new one is
produced. Port 1 is tested for CLEAR-TO-SEND and if it is not ready an
error message will be printed. To prevent continuous printing of errors
when the keyboard is not connected an error count of 256 occurs before
the message is printed again. If the keyboard is availagle and ready
then 4 digits of depth are transmitted followed by two spaces. (Actually
"?" is sent as the keyboard will decode this as a blank). Two digits of
seconds are then sent mainly to provide an indication that the keyboard
is active. A carriage return is sent to terminate the sequence. A
response to this is expected within two character times otherwise error

6 is flagged. If the response is a carriage return then the hand-
shaking is complete. The receipt of a "D" or a "T" indicates that the
keyboard has a new depth or time to send. The four digits of depth
received are then treated as though their input had been local. The
digits of time are used to preset the sqftware clock whose seconds are
cleared. A carriage return terminator is expected otherwise the error

RX ERROR is flagged.
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HARDWARE DESCRIPTION

The Motorola 6800 system comprises three boards.

(1) 16K of dynamic memory configured to occupy the lst quarter of

the address space.

(2) The processor board.

(3) An I/0 board.

Additionally the front panel display is mounted on a board containing
latches and interfacing.

(1) The memory is a standard block of dynamic RAM that is refreshed
by on-board circuitry by stealing the occasional clock cycle.

(2) The 6800 CPU has 16 address lines, 8 data lines and a hand-full
of control lines that are buffered on the CPU board. The 1 MHz clock
provides two clock phases to dri&e the CPU and can be momentarily stopped
to allow for mémory refreshing. A one-of-eight decoder generates negative
logic select signals from the top 4 address lines:-

$8000 Selects the I/0 board
$9000 Selects the serial port used to transmit to the ship's logger
$A000 Selects 128 bytes of scratch-pad memory used by the monitor program
$B0O0O Is not used
$C000 The non-volatile RAM containing PEST firm-ware
$D000 Is not used
$éOOO Selects the serial port used by the remote keyboard
$F000  Selects an EPROM holding the menitor firm-ware
$000-$3FFF is where the RAM board appears but with one exception, the
multiplier/divider is addressed by $00FC-$00FF.

A 614.4 kHz crystal oscillator and binary divider chain provides a.number
of baud-rates for the serial interfaces. The I/Ps and O/Ps of the serial
interfaces are buffered to meet RS232C line requirements.

(3) The I/O board comprises three parallel interface adapters (PIAS),

a triple counter/timer and analogue circuitry. These are all memory-mapped
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devices and appear at addresses as follows:-~-
$8004-$8007 The ADC interface with 12 lines in from the ADC
$8008-$800B The DAC interface with 10 lines out to the DAC
$8020-$8023  This provides a BCD bus to the display and the local depth
entry switches
The printer uses one half of this PIA
$8040-38043 Comprises three counter data registers and a common control
register for the counter/timer
1 kHz from counter 0 (dividing by 1000 from the CPU clock) provides the
convert trigger for the ADC, though provision is made for an external
sampling clock. This division is reset every trigger pulse.

The signal from the echo-sounder is a base-band signal and is thus
full-wave rectified before being applied to a 300 Hz four pole anti-
aliasing filter. A sample and hold circuit = is triggered by the 1 kHz
ADC clock to hold the signal during digitising.

Tenth-inch pitch edge conhectors connect to BNCs for analogue signals,
a loom to a 15 way socket for the printer and a loom to the front panel.

These boards are fed from two 5 volt power cards, one of which also
provides + and - 15 volts for the analogue circuitry.

REMOTE TERMINAL

This is an intelligent keyboard which communicates with the main
processor via an RS232C bus. A Motoréla 6803 CPU scans a 16 key keyboard,
refreshes an eight digit LED display, receives depths from the tracker
and can transmit back a new. depth or time.

A remote terminal is used to satisfy three requirements:-

(1) So as not to tie up a typewriter or VDU to communicate with the main
processor and for the convenience of the watch-keeper. The main
processor can be mounted on a 19 inch rack out of the way.

(2) To transmit depths and times to the ship's logger.
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REMOTE KEYBOARD FOR P.E.S.T.

Program Description

A power-on reset starts the program running at INIT which programs the
serial and parallel ports. The serial interface is enabled to interrupt on
receipt of a character. The internal (to the CPU) parallel port is programmed
to provide eight bits out - seven to drive 8 LED displays.

Two registers and a buffer are maintained by the program and these are
initially clear by filling them with hexidecimal ﬂFf With the interrupt mask
cleared the program enters a loop in subroutine NRMDSP only exitted when a
key is pressed (and regularly left to service interrupts). The contents of
DATAl holding a depth, transmitted from PEST, are displayed continuously on
the LEDs.

When a digit key is pressed the digit value is decoded from a table (to
adapt the key layout to a calculator style) and left shifted into the entry
register DATA2. After each digit DATA2 is displayed for several seconds
until either another key is pressed or the time is up, in which case we
return to the regular display of the contents of DATAL. 1If the key were not
a digit but hexidecimal, A, B, E or F routine COMMND decodes the command and
jumps to an appropriate routine.

While this is proceeding, characters sent from the tracker on the
serial line cause interrupts and these characters are stored away in a
buffer. Line-feed code§ are ignored as are carriage-returns when the buffer
is still empty. When a carriage-return terminates a string of digits or
the buffer becomes full anyway the up to eight ASCII characters in the
buffer have their four most significant bits cleared before they are copied
into DATAl to be regularly displayed on return from interrupt. If either
the depth entered flag DPENFG or the time entered flag TMENFG are non-zero
then the contents of DATA2, the entry register, are converted to ASCII and
transmitted back to PEST. The depth comprises 4 digits preceded by D and

the time string is 7 digits long (with included space) and is preceded by T.
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After either string a carriage-return is sent as would be the case if
neither flag had been set.
Command A

Enter depth.

The subroutine DPFMAT is called to check the format of the contents
of DATA2. If the depth is zero or greater than 9999 or if the entry
register were filled with blanks an error pattern is displayed for a few
seconds, the entry register is cleared and a normal display resumed. A
correct entry causes the depth to be shifted to the left-hand end of the
display with leading zerces added as necessary. The flag DPENFG is then
set to signal to the interrupt service that a depth is waiting. The
entry register is displayed until transmission of the contents causes it
to be blanked. The program then jumps back to continue the normal display.
Command B

Enter time.

The format is checked for legal time and a day number in the range
1-365. The flag TMENFG is then set. The procedure is then the same as
for Command A.

Command E

Recall entry.

This results in a return to the entry register display loop with
the time-out count reset.

Command F

Clear entry.

DATAZ is filled with blanks and this is displayed for a brief time,
i.e. the display is seen to go blank for half a second before the normal
display loop is entered. |

Hardware Description

The central processor used is the Motorola MC6803, a version of the

6800 that is intended to be used with a minimum of extra components. There
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is 128 bytes of RAM in the chip plus a serial and an eight bit parallel
ports. The data lines are multiplexed with the low order address lines

and an eight bit latch (74LS373) is used with the address strobe line to
separate address and data. A one-of-eight decoder driven by the 3 highest
address lines generates low level chip selects on 8K boundaries. Seven of
the parallel port outputs provide digit select and BCD outputs to drive an
array of 8 multiplexed LEDS. An additional parallel port (MC6821) is used
to read 4 bits from a 16 key keyboard encoder. (Originally it was intended
to use a parallel for communicating with PEST hence the use of an extra
parallel port chip).

Internal clock circuitry requires only an external crystal to provide
the basic clock rate. The crystal was chésen to also provide a frequency
input for a baud-rate generator chip. A timer provides a power-on reset.
This reset also disables the EPROM containing the program to prevent a
bus contention at switch on and pulls P22, the clock input line for the
serial interface, low as the chip has optional operating modes which must
be selected during a reset. The RS232C lines TXD, RXD and RTS are buffered
by line drivers and receivers.

In addition to the program in the EPROM there is a utility program
that was used in development and uses two of the chip select lines to
start and stop an external counter which then asserts a non-maskable

interrupt to aid program tracing..
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FLOW CHARTS



DAC

TIMER

PRINTR
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SET
INTERRUPT
MASK

Y

PROGRAM ADC
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1
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FOR 10 BITS

oUT + 4 OUT
TO LEDs

Y

PROGRAM
COUNTER O
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Y
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COUNTER 1
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1
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COUNTER 2
(DELAY)

I
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PRINTER WITH
HANDSHAKE

1

SERIAL INTERFACE
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+ 16 2 STOP BITS

Y
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INITIAL
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1 kHz to ADC and
Counters 1 and 2

1 Hz to Clock
Interrupt

Will count down
at sampling
frequency = 1 kHz

MSB tested for Printer
ready strobe pulse
generated on write to Printer
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PRINT A CHARACTER
FROM ACC. A

TIME-OUT DELAY
COUNT
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PRINTER
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BUFFER STORE
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PRINT A

STRING.

X POINTS

TO START

OF STRING.

$04 TERMINATES IT.
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ACC S

NO
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Y
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N

ADVANCE
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DOINTER
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STACK

NO

LOAD
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Y

£
N
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ADVANCE
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DOUBLE
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TO ACC A,B

N

BTEMP.= O
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to Decimal Digit String

~
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TO BTEMP
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+

SUBTRACT
POWER
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i\

ADD POWER
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Y
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GET NEXT
POWER
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FINISHED
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?
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Input Decimal
Number to
INDEC DIGS - DIGS+1

DIG = 0
DIG+l = O

i DG3

\

RETURN

DG4

SHIFT DIG AND
DIG+1 LEFT

4 BITS

LY 4

DIG+! OR
ACC A =~
DIG+1

/N

A-$30

SET CLEAR
CARRY CARRY
L 4 A g

[ N
I d
RETURN
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Print Time
and Depth

at Start of
Even Minute

PD2

2
-~

l

SHIFT UNITS
OF MINS
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NO EVNMIN
SET
?
S

OF MINS
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SHIFT UNITS

PD1

SHIFT LEFT
C - EVNMIN

CLEAR
EVNMIN

PRDAT
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PRINT
TIME
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CONVERT
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PRINT
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at Start of
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N
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RETURN

SET
HRFLG
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TITLE DAY NO.
YEAR AND

COLUMN HEADINGS

- 31 -

RETURN




POINTER
TO
ERROR
MESSAGES

> 4

POINTER Any of Seven
TO Error Codes

ERROR may be Non-Zero

CODES

Make sure it is
only printed once

Print Error

Message
Ve
ER2 o
. d
)
ADVANCE
POINTERS
NO FINISHED
?
YES

- 32 -



Get time
from Keyboard

A%
N4

Type "Time Please ...

&)

DIG -
HRS

YES

DIG -
MINS

(_INDEC |

YES

DIG -
DAYS

(LINDEC )

YES / msc

N
)
P4
<

DIG >
YEARS
e "Thank You"
TYPES TYP
<
RETURN
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ADDX Add DATSIZ
to X Reg

X REG ~>
ACCs B,A

WV

ADD DATSIZ
TO
B,A

L4

RESULT
-+ X REG

\' 4
<E§%E%§>
ADDA Add Acc A to
X Reg (or Subtract
: if Negative)
YES @ NO

CLEAR ACC B
ACC B = -1
y v/

. ADD X REG

(IN XTEMP)

TO ACCS B,A

N
RESULT ~
+ X REG 7 RETURN
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INTERRUPT SERVICE

Cne of
4 Interrupts INT
Z
g
COLLECT
INTERRUPT
FLAGS
YES
N N
T8 7 TRIGGER >
ROUTINE
NY REAL TIME
INTERRUPT
" ROUTINE
~
7
( CLOCK )
YES
7
, DELAY AND
SAMPLING >
ROUTINES
4 YES
h N
P
N
>
RETURN
FROM
INT.
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RTI

Y

RE~LOAD
CLOCK TIMER
WITH 1 SEC

N7

CLEAR’
DISPMD

YES DISPEN

CLEAR
?

A
A%

NO DSFRST

CLEAR

CLEAR SET
DSFRST DSFRST

ENABLE
SAMPLING

v
N

CLOCK

CONTINUE
THROUGH
LOOP
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Delay

Triggexr Timer
Interrupt Interrupt
RE~LOAD STOP DELAY
CLOCK TIMER TIMER AND
WITH ) SEC DISABLE
CLEAR N
DISPEN 4 J4
CLEAR
FALSE
DISPDN TRIG. COUNT
CLEAR
N/ ? /4
SET
DISPEN
AN YES SMDONE N
. 4
TRG1
DATSIZ
- DATCNT
v
22
A4
STOP DELAY
TIMER AND ENABLE LOAD DELAY
DISABLE SAMPLING* TIMER AND
ENABLE
Y
Y Y
INCREMENT
FALSE
TRIG. COUNT ~ J7
> <
Y
RETURN RETURN
TO TO
Loop *and send Pulse LooP

to Mark Start
of Sampling
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ADC
End-of-Conversion

Interrupt
N
rd
4
Do Raster
( RASTAS Line of
Display
v
A4 RETURN
_TO
LOOP
[
SAMPLE ECHO If Gating on
DECREMENT then Apply no
DATCNT VG
\' 4
DATCNT YEi J9
< |
SET
SMDONE
J8
v
DISABLE CONTINUE DISABLE
SAMPLING SAMPLING* SAMPLING*
v
) 4 \2
DO
A.G.C.
RETURN RETURN CALCULATION
TO TO
LOOP LOOP SN
*On Penultimate Sample RETURN
Turn on Mufax Mark TO
Pulse and Turn it off LOOP
again when Sampling

finished.
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Adjust AGC Scale Factor.
If no Overloads during
Sampling then increase
Gain. If Overloads
exceed a Limit then

DISABLE reduce Gain unless
SAMPLING no Reduction possible
then Flag Error 2.
/g .
CLEAR
SMDONE
ovrLw\,_N° o«
=0 7
2
, NO LIMTIT
< EXCEEDED
?
SCALE +1 Y
\'%
\( SCALE -1 ERROR 2
“:i:A ~
N N

"OVERLOADING"

CLEAR
OVFLW
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ADJUST

N

DATSIZ/2

PHASE
- PHTEMP

Y

PHTEMP -1
- PHTEMP

YES

ERROR 4

NO

ADD
2000
TO DEPTH

N

- 40 -

\'4

DEPTH +8
-+ NWDPTH




ADD UP
FIRST 17
SAMPLES

, NO

1

1sT + 17TH
X 8 + 18T
> SK

\\ 4

SUBTRACT
SUMK
-+ SK

NO

=
SCALE UP BY 8
IF OVERFLOW
SET TO $FF

/

SUMK = SUMK
~ 1sT + 17TH

!

STORE
RESULT AT
1ST

N

v

ADVANCE
POINTER

YES

FINISHED
?
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| LAST 17|

Detect Leading
Edge of Echo

Initialise
SUMK to Avoid
GLITCH at Start

Running
Correlation

Half-wWave
Rectify.

We Only Want
Rising Edges

Update Running
Sum

Result Put Back
into I/P Array
8 Places Early
(Corrected for
in 'ADJUST')



Apply TVG to
Signal Sample
Set to Zero

if within 72 mS
of TX or Ramp
up Linearly if
within 200 msS

No TVG
During
Gating

Add Window Size to

DELAY + Delay and Subtract
DATSIZ - Count-down to End
DATCNT -+ B,A of Window. Result

in Acc. B-A is
Distance from TX.

SUBTRACT
2000

RETURN L o

Blot Out TX

Completely No:Change

If Sample Position was
SUBTORCT 72 Then x 0, If 199
Then.x 254. However
Y Multiplicand is
DOUBLE AND Trea;:j as a Fraction
MULTIPLY BY 0 ~» §§g .
SAMPLE VALUE

Y

RETURN
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PKVAL = 0O
PKPOSN = 0
OFFSET = MAXM

ADVANCE
POINTER

NO

/
PK1 T
GET
A SAMPLE
ADVANCE
POINTER
NO
~
S
THIS NO
< PREVIOUS - — {
rd
OFFSET
THIS IS NEW
A OFFSET >

THIS IS

NEW PVAL
SAVE POSITION
< —d
GET OFFSET
(UNSIGNED) S
FROM PREDIC 4
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Change delay value
to skew sampling
window to centre
on echo.

%

NEW DEPTH
IN
B,A

ACC.

b 4

B,A - DATSIZ/2
+ DELAY - B,A

+VE NO
? o

The Contents of Acc. B,A
is Position from Start
of Window.

B,A - DATSIZ/2 is

signed Offset from Centre
of Window.

Delay is increased/
decreased by adding

this to it.

4 YES
Ty
ADD 2000
DECREMENT PHASE
E=lans
<1999 YES\‘ STORE AT AVDPTH
? I'd
NO
SUBTRACT %
2000 Y )
INCREMENT PHASE
STORE AT AVD?TH
o yd
/ Y
THIS IS
NEW
DELAY
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SUBTRACT
FROM
DATSIZ

!

A4

THIS IS

MULTIPLICAND

I

ATEMP IS
MULTIPLIER

v

(MPYDBL)

Yy

q: <

RIGHT SHIFT

PRODUCT AND
DATSIZ/2

THIS IS
DIVISOR

v

SCALED PROD.
Is
DIVIDEND

Y

GET
HIGH BYTE
OF QUOTIENT
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Acc. B,A contains
relative position
within window.
ATEMP contains
peak amplitude.

Perform:-

Peak Value x Distance
from centre of
window + half window
width.

Double Byte X Single
retain 2 most sig-
nificant bytes.

Since. DATSIZ/2 may be
>255 both Numerator
and Denominator are
scaled down.

Divide Double Byte
by Single Byte.



POINTER TO

HIGHEST
POWER
OF TEN

Y

POINTER TO
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DIGIT

v

FETCH
POWER
OF TEN

N

Convert 4 Decimal Digits
to 2 Bytes Binary.

Y

TEST
DIGIT

N

ADVANCE
POINTERS

NO

YES

NO

DIGIT-1

B,A+
POWER
OF TEN
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Convert Depth in Metres
to Msecs. Re-Start of

Sweep Result in X Reg.

Phase in Acc. A.

BTEMP = 0

—

BTEMP + 1

SUBTRACT
1500

NO

ADD BACK
1500

,

X 4

Y

x -gl—Converts Metres to Msecs.

THIS
TO

MULTIPLICAND

v

MULTIPLIER
= 0.3333

Double Byte X Double
MPY2X2 Byte gives 4 Byte Product.

2 HIGH BYTES
OF PRODUCT
TO X REG.

BTEMP-A=PHASE

- 47 -



27

&
Z No MINUTES YES N
- EVEN 7
NO MINS
< DIVISIBLE
BY 6
?
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& BETWEEN
20 & 2
NO
/
N
INIT
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DISPLAY
COPY TIME
L CLEAR L, AND DAY
~ DISPDN ~ INTO DISPLAY
BUFFER
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RETURN

IND1

PROGRAM
PANEL
I/0 PORT

(cvors)

>
Get Unpacked
5o CoEce

v
Convert to
Double Byte
Binary ,
&

4

CONVERT TO
MSECS + PHASE
THIS IS NEW
DEIAY

Y

STORE IN
AVDPTH
AND
DELAY
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BUFFER

v
@

\\7g
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DPFILT

Y

DPSTCK
- POINTER

2

Y

COEFST
- POINTER

1

B

GET NEXT COEF.
NEGATE IF
NEGATIVE SAVE

SIGN

TEST

FLAG

N
4
N
DOWN
.BELOW YES
BEGINNING DECREMENT
? ! POINTER 1
v J
>
N
RETURN
GET
POINTER 1
|
N
BACK
TO
START
’ YES

BEYOND

END
?

DIRECTION

INCREMENT
POINTER 1

Pointer to Rotating
Stack Containing
Two Minutes Worth
of Depths.

Coefficients are
Symmetric about Middle
so0 only First Half are
Used. Forwards during
First Half of Filter
then Backwards for
Remainder.

REVERSE
DIRECTION

5. Z
g T &

GET NEXT DEPTH
NEGATE IF
NEGATIVE SAVE

SIGN

DO SIGNED
MULTIPLY
AND
ACCUMULATE

N

B

INCREMENT
POINTER 2
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STORDP

( DPFILT)

4

CONVERT
TO
METRES

CVBTD

N

PACK
BCD

1

.. STORE
NEXT ON
STACK
|
STACK YEARS

STACK DAYS
STACK HOURS

Y

SET LSB
OF MINUTES
STACK MINUTES

)4

ADD 8 TO
STACK
POINTER

BEYOND

END
?

STACK
POINTER
TO START

i
!
]
P
- 52 =

o

SRCH

Get two Minutes of
Most Recent Depths
and Filter.

Stack contains about
34 hours of two minute
depths in groups of
eight bytes:-

2 Bytes - Depth

2 Bytes - Year

2 Bytes - Day No.

1 Byte - Hours

1 Byte - Mins

LSB of Minutes is set
to flag a depth not
yet sent to ship's
logger. This is
clear when the depth
has been sent and
acknowledged.
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Y

- “'llsiil"'
YES

Try to transmit depth
and time, carry clear
if successful.

Try again later

Y

CLEAR
LSB OF
MINUTES

ADD 8 TO
STACK
POINTER

BEYOND
END
?

STACK
POINTER
TO START

M
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Initialise Mufax raster

display.
ROWPT = PATRNS Start of dot patterns.
CHARPT = MUFDSH Start of raster display
character buffer.

DOTS = 10000000
LINES = 2 Pixel size set to 2 x 2.

WIDTH = 2

DELAY
+
3 DATSIZ
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PKVAL
>NRSTHT

N

NO

\' 4

STORE
IN
NWDPTH

RESULT
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DELAY

('abngusT)
v

Displ
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, NO GATING
o ON
Skip if not in ‘ ?
gating mode

2000-DELAY
N7 -DATSIZ

YES >0
&— <

out of range

ADD BACK
DATSIZ

ﬂ/

¥ ADD FIRSTX
COPY , TO
X REG.

1

RETURN

Y

ACCUMULATE
INDEXED
SAMPLES

HAS REVERBERATION BEEN SAMPLED?

FPIRST X
Y

SZ78°
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RASTAS
' 4

Raster Display Subroutine

GET
CHARACTER
FROM BUFFER

V4 C/R
. ?
CLEAR DISPMD
DISABLE
SAMPLING
\ CODE
AS $3F
LINES-1
Characters
2, 3, 4, 5, 6
MASK OFF g' ;’ RPN
4 ’ I L 4 I I ’ 14
NO LSBITS
\/
YE ADD TO
ROW
ROWPT
J TO NEXT POINTER
ROW T
MASK ROW
PATTERN
NO WITH 'DOTS'
[
Y YES NO ' YES >
, N7 A\ Y
RESET SET SHIET
ARP DISPDN
CHARPT 1SPD 0/P HIGH o/P LOW DOTS
v NA RIGHT
pOTS = $80 N 7
RN d -~
RETU r NO
WIDTH
Y -1
YES
DoTs = $80
CHARPT + 1
RETURN RETURN Yy NO 0? YES
< \/ 7
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OUTPUT 4

DEPTH DIGITS
+2?

v

OUTPUT 10s
AND UNIT OF
SECONDS

Y

ouTpUT
C/R

Y

WAIT
FOR
RESPONSE

NO
RESPONSE

NO

\\ ¢

ERROR 6

| -

INCREMENT
ER6CNT

RETURN




GET GET
A A
CHARACTER CHARACTER
ULD YES YES ULD
? > 7 & ?
\, NO 4
V4
MASK OFF MASK OFF
4 MSBITS AND 4 MSBITS AND
STORE IN BCDIN STORE IN BCDIN /
NO
@ v NO
GET STORE IN
A HOURS AND
CHARACTER MINUTES
GET
C/R NO> 4 MORE
? DIGITS
4
YES ERROR 7 LATTER THREE
DIGITS -~
CONVERT
DAY NO.
TO
BINARY
v
RETURN
Y CLEAR
SECONDS
IND2 J
RETURN
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REMOTE

INITIALISE
I/0 PORTS

s CLEAR

CLEAR DATAl,
DATA2 AND
BUFFER

START 4:

Display DATAl until
NRMD P)
(ZT- S key is pressed.

YES >9

N

N

ENT1 NO

SHIFT INTO
DATAZ -
FROM RIGHT

cms T—>——3

SET
TIME-OUT
COUNT

Display DATAZ




REMOTE

C,D may be

N-o- used later.
Y b4
SET SET FILL
DPENFG TMENFG DATAZ
WITH
v v BLANKS
4
\ / N N /
RESET RESET
TIME'.jOUT TIME-QOUT r
COUNT COUNT LOAD
_} TIME-OUT
COUNT
FOR
% SEC
A4
ENT3 Reset Time-Out
ERROR ENT2 Count and Display
DATAZ.
N
< i
SET UP
ERROR
DISPLAY
¥
DSPENT ’
\'4
CLEAR
DATAZ2
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<E§§%EE>
Y

GET &

CHARACTER

REMOTE

Interrupt Service

Receive depth and seconds
from PEST then if required
send back new depth or time.

- 62 -

COPY
BUFFER
INTO DATAL
NO
SEND
" D"
STORE IN
BUFFER V4
ADVANCE POINTER Y
SEND FIRST 4
CHARACTERS AS °
ASCII. v
OUT DATA2.
FULL YES N
? 4 CLEAR
DPENFG
\\ /4
V
< —< ’4, & & yi TMENF
SEF
Y 3
YES
SEND C/R
RESET BUFFER A SEND
POINTER wepe
\Z h
SEND 8
CLEAR | , CHARACTERS AS
RETURN TMENFG o~ ASCII. CLEAR
OUT DATA2
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F.E.S TRACKIMG AND DIGITISATIDN FROGRAM

This program running on a motorola 4800 micro-processor
receives a rero-depth trigger fram the precision echo—

sounder recorder and samples the audio—output during a

gating time. Time-varied and automatic gain control are
applied as apropriate to the block of data before echo

detection is attempted.

The “"window" of data is weighted linearly - zero at the
ends and one at the middle. An algorithm is then called
to differentiate the signal by correlating it with a
ramp. MNegative results are set to zero. The routine
TFEAKT retwns with the positiaon (relative to the start
af the window) of the largest peak and the peak nearest
to the position "PREDIC™.

The selected peak position is then used to adiust the
pre-sampling delay to move the window in order to centre
it the echo.

While the program is rdnning & new depth can be entered
to force the window to a2 new position. Every two minutes
depth and time are printed. Errors are printed as they
SCCUr . -

A raster display ocutput of depth and time is available
for marking a chart recorder. The timing of the display
insuwres that the echo is not over—printed.

FROGRAM STRUCTURE

&) Subroutines for initialisation, I/0 and processing.

b) The interrupt routine.

) The main program which sets and adjusts parameters
and dictates strategy. This program is appended to
the rest of the routines to so that it can be easily
modified during development. ‘
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1z MAM FESTBZ
2s aFT NOG, PAG
Fr X
4y %170 SFECIFICATIONS
Sr ¥MULT 8 bit by 8 bit multiplier/di vider
b X
QOFC T MULT EQy sFC
B8: X
P: ¥ADC 12 bit single chamnel analogue to digital converter
10 X% This is preceded by a FW rectifier, anti-aliassing
11: % filter and sample % hold chipa
12 %
goo4 13: ADC EQu #8004
14: %
153: %DAC 10 bit digital to analogue converter
1b6: %
8008 17: DAC EQU H8008
18: %
19: ¥FROMT PANMEL BCD SWITCH AND LCD DI SPLAY
208 X
8020 21: PANEL EBU S30Z20
22: X
23: ¥PRIMTER AMNADEX Parallel printer
243 %
8021 2%: FPRINTR EQU 8021
263 % ~
27: ATIMER I independent 1& bit counter /timers
28: % Used to divide down from it Mh=z. te lkhz. and lhz.
29 X% and count down pre—-sampling delay.
F0y %
8040 21 TIMER EOQU 8040
32 X% .
I3:1 ¥ACIAS Serial port for control terminal.
34z X%
EQO2 Z5: ACIAS EGU HEQOR2
Th: X
Q200 Z7: MEMREG EQU 200 Start aof available data storage
I8: X memory .
1000 39: DPSTRT ERQU 1000 Start of 2 sec. depth storage
2000 40: DFTMST EQU F2000 Start of buffer for 2 min.
41y ¥ depths.
CF4G 42: PATRNS ERU SCF40
CFCoO Z: COEFFS ERU SCFCO Depth fil ter coefficients
aTulals] 44: I0OVECT EQU FAQOOQ 1/0 interrupt vectoring address in
45: % MIMIRUG
46: ¥BASE FAGE ALLOCATIONS
473 X
Q0S8 483 -~ ORG 58
0058 423 ERSCMT RME 1
oa59 F0: MUFDSF RMR i0 Mufax display buffer
QOAZ Sl: XBTOR RME 2
Q0&S 52: DISFEN RME i Mufax display enable flag
0064 53 DSFRST RME 1 Display LHS or RHE flag
QOAT Z4: DISFDN RMRE 1 Display done flag
Q0568 5%: CHARFT RME 2 Character pointer
Q064 Séhr ROWFT  RME 2 Dot matrix raow pointer
QO&T 57+ DISPMD RME 1 RDisplay or sample mode flag
£048D =8y DOTS RME 1 Dot mask
QO&E a9 LIMES RMR 1 Mumbher of line repsats

I
[0)
S

I
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QOLF 4H0: WIDTH RME 1 Number of dot repeats

OO70 &1z THRHLD RME 1 Thresheld for TX test.

Q071 &2: SRCHCT RMBE 1 Number of pending depths sent.

QO72 Tz RVESIZI RME 2 Na. af reverb. samples.

Q074 As4: DFTMFL RMRB 2 Fointers for stacking 2 min.

Q074 &5: DPTMFZ RME 2 depths and times.

Qo778 &&: FILTOP RMR 4 Depth filter accumulator

QO7C &H7: SIGM RME 1 Sign indicataor +or DPFFILT

007D 482 FNTR1  RME 2 Coeff pointer for DFFILT

OO7F &F: FPNTRZ  RMER 2 Depth pointer +ar DFFILT

081l 70: DIRFLG RME 1

aoaz? 71: DPSBTCE RME 2 Pointer to newest depth

' T2 X in depth stack

aOg4 73: LBTENT RMR 2 Most recent manually entered depth

0086 74: EBCDIN RME 8 8 unpacked bcd digits., 4 entered
75 X from front panel and 8 for display

aQgE 7h: TXNO RME 1 T number in gating sequence

QO8F 77: LOOPCT RMRE 1 Count of number of passes while no
78: ¥ TX.

QOO0 79: SCTEMF RMR 1 Temp for AGC gain value

QO : 80: NRSTHT RME 1 Value of peak nearest to PREDICtion.

QO 31: MRSTFS RME 2 Fogition of above.

QOP4 ' 82: FREDIC RME 2 Frredicted echo position. Normally
I X gate centre.

Q094 84: SAVX RME 2 Temp for Index reg. _

0098 85: OFFSET RME & 2 Difference between echo position and

‘ 84 % FREDICtion. N

Q094 87: FEVAL RME 1 Value of greatest peak.

Q09 88: FKEFOSN RME 2 Fosition of above.

OO?D 8%9: FIRSTX RME 2 Pointer to start of data arrav.

QOFF F0: LASTX RME 2 Fgointer to end of data array.

QOAlL P1: Sk RMR 2 Accumul ator used by EDGE.

O0AZ ?2: SUMK RME 2 Accumul ator used by EDGE.

OOAS ?3: EGEND RME 2 Fointer to last value used by EDGE.

GOA7 ?4: PHTEMP RME 1 Temp for phase.

QOASB ?5: FLSTRG RME 1 Flag to indicate extra trigger.

Q0AS P&: RVREBCT RME 2 Decremented reverb. samples

P7: X while testing for presence af TX.

QUAR ?8: TXSAMF RME 2 Accumul ator for samples duwring TX.

Q0OAD 2%: SMDOME RME 1 Hand—-shake flag between main proag
100: % and interrupt service.
101: % SET by MAIN to enable sampling.
102: % CLEARED by interrupt service
10T % when sampling over.

O0OA/E 104: FRSTTX RME 2 TXSAMF after Ffirst attempt to find
1035 % TX.

QORO 104 SCNDTX RMR 2 TXSAMFP after second attempt to find
107: % TX.

QORI 108: GATNFG RME 1 Gating on flag.

QORI 10%9: CDEF1 RME 2 First coefficient for FILTer.

QORS 110: COEFZ RMRE 2 Second coefficient for FILTer.

DOR7 111: AVDFTH RME 2 FILTer accumulator.

QORS 112: ATEMF FRMR i Temp for acc A.

QORA 113: DELAY RMR 2 Fresampling delay. 1ims. units.

QORC 114: FLLAGE RME 1 Interrupt routine enable mask.

OORD 115: TREFLG RMRE 1 Sat by accuwrrence of trigger.

QORE 1146 DATSIZ RME 2 Size of data sampling window.

QOCO 117: DATCNT RME 2 Counted down to zero during sampling

o2 118: QWFLW RMB 2 Number of overloads during sampling.

Qoc4 11%: SCALE RME 1 AGC gain. Rinary gain steps.
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QOCS 120: DEQTAD RME b Destination address of sampled data.-
QOC7 121: HRFLEG - RME 1 Set after printing hour headings.
ialng:l 122: ODDMIN RME 1 Set to cause 2 min. filtering
0noce 27 EVMMIN RMB 1 Clear after printing 2 minute depth.-
QOCA 124: NMWDFTH RME 2 Up to date depth.
Qoce 125: FHABE RME 1 Fresent depth phase.
QGED 126: SLOFE RME 1 Gradient of bottom. Samples/sweep.
QOCE 127: ERRORS RME 7 Error signalling +lags.
QOODE 128: XT RME 2 Temp for X reg.
aQoD7 129: DIG RME 2 Laocation for 4 packed BCD.
QOD9 130 BTEMFP RME i Temp for acc BH.
20DA 1Z1: DIGITS RME é Ascii digit string and tarminator.
QOED 132: YEARS RME 2 BCD vear .
QOEZ F3: DAYS RME 2 BCD day number.
QOE4 134: HRS RME 2 BCD hour .
DUES 135 MINS RME 2 BCD minutes.
QQEZ 1346 SECS RME 2 BCD seconds.
QOEA 137: RME 10 Clock constants.
OOF4 138: XTEMF RME 2 Temp for X reg.
OOF& 139 SFTEMF RME 2 Temp faor Stack pointer.
GoFg 140;s RME 4
141: *MULT appears here.
142: X%
142 %
144 x SURROUTINES
145 X% -
1462 % INITIALLISE I1I/0
147: %
COQo 148s: ORG SC000
149: X
Coag aF 1530: INIT SEI -
Cool 7F BOoO4 151 CLR ADC 8 bits in 4 lsbits from ADC
CoR4 7F 8005 132: CLR ADC+1 8 bits im fram ADC.
Co07 CE 0404 153: LDX HEO404 Select data registers. .
Cooa FF 8006 1354: 8TX ADC+2
CoOD CE FFFF 155 LDX HEFFFF 8 bits to DAC B side.
Calo FF 8o 15&: 8STX DAC 2 Bits te DAC and & logic drives.
187: ¥Initialise TIMER
COlZ CE 8040 158: LDX #TIMER
Cols 86 36 159; LDA A #$34 Select Counter O
Cols A7 OX 1460: 8STa A 3, X BRinary caunt. load Z bytes.
COlAa 86 EB 141z LDA A #$EB Low byte First.
CO1C A7 00 162: STA A O, X%
CO1E 8& O3 1&63: LDA A #3 High byte.
COZ20 A7 QO 18643 8TA A 0,X Divide by 1000 from 1Mhz.
COz22 86 70 1465 DA A #5570 Select Counter 1
Co24 A7 O 164 8TA A I, X Binary count. Load 2 bytes.
Co246 846 EB 1&7: LDA A #$EB Low byte first.
Coz28 A7 01 148: 8TA A 1,X Divide by 1000 from lkhz.
Co2a 86 O3 169: LDA A #3 High byte.
CO2C A7 01 170s 58TA A 1. X 0/F = 1 sec. pulse for clock.
CoZE 84 RO 171z LDA A #SRO Frepare counter 2
COZ0 a7 0OF 172: STA A 3.X for 2 byte load.
CO32 CE 1CO07  173: LDX #1007 CAZ +ve edge 1 sec pulse
COZE FF 800Aa 174 5TX DAC+2Z CEl +ve edge trigger
COZ8 84 10 175: LDA A #$10 Negative lagic MUFAX time mau ke
COZA BY7 8008 17&6: STA A DAC initialised high.
177: %Initialise communications .
CO3ED 84 7F 178: LDA A #%01111111 7bits out to FRINTER
COZF B7 8021 179: BT4 A PRINTR Msb handshake from FRINTER
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Co4z
CO44

co47
coa?
coac
CO4E
Cosl
COs2
cCo=4
CoOss
C0S4
R n{alatc]
COSA
COSR
CosSh
COSF

- Qb1

063
CO&S

CO&F
cO71
CO74
CO77
co7e
CO7&
co7C
CO7D
CO7F
cosz
co84
Co8ée
coaes
Coga
cosc
Co8E

CO8F
coel
o2
coe4
CO%&
coes

Coee
caec
Co9en
COg9F
COAZ

CoA/d4 =

8&
B7

oF
8E
Cé
CE

-y
-t e

A7
08
2R
26
FE
9
ig
00
a0
{818
060
P

DF
CE
7D

2

09
28
oD
20
B7
81

.
s

84
8D
8&
DE

.__‘

8D
08
Ab
a1

~
A

39

20
47

e
R

Bé&
a4

2c
BOZT

Fé&
COsA
14
OOED

Qo

Fo
Fé

a8z
Q1
QO
00
a0
99

Fa
B&RT
BO21
4

oD
8021
oD
(KL
Of
E7
on
F4

DE

Q0
04
=7

EOOZ

FA
EOOT
7E

55k MNEMOMIC ASSEMBLER

LDA A #s2C
STA A PRINTR+Z2 CAZ 1 us strobe pulse

¥Copy CLOCK constants into base page.

I

¥

¥

FPRINTC

FS

Fi

FZ

X

¥Print

%
P4

FRINTS

*

X

IMCH

X

£

ouTCH

XFrint

¥ Input

878 SFTEMF
L.DS8 #I2-1

N.B.interrupts are disabled

LDA B #20
1L.OX #YEARS
FUL A

STA A 0,%
INX

DEC ®

BNz 11

L.DS SFTEMF
RTS

FDR $1982
FDE 1

FDE 0

FDR O

FDER Q

FDR EP999, $T4HE6,$24, 60,460
a character.

87X XTEMF
LDX HEBLEZ

TST FRINTR Frinter busy 7

EBMI P2 Mo

DEX ‘ Decrement count

BME F1 Try again

SEC Still not ready

BRRA Fz Timed-out return with carry set
STA A FRINTR 0/F characte+

CMF A #$D Was it C/R 7

BNE FZ Mo :

LLDA A #%A Yes. Send L/F as well.
BER ] Call ageain

LDA A #%D Return with C/R

L.DX XTEMF

RTS

a string up to EQT.

HSR FRINTC

INX

LDA A O,X Enteyr here
CMFP A #4 EQT?

BNE F4

RTS

& character from contraol port.

LDa & ACIAS

ASR A R¥{ reg. full?
BRCC IMMCH Mo Mot yet

1.DA A ACIAS+E I/F character.
AND A #HST7F Mask off parity

¥Dutput a character to control port.

FSH E
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Coas
coag
COAD
ndgraral
COAC
COAF
CORO

COoRl
coRz
Cop4
Cor7
copa
COEA
COERR
CORD
CORE
caoco
COC3
Ccocs

Cocsd =

coc7
cocea

- CoCe

-CoCaA
COCR
Coch
COCF
CoDl
COD3
CoODS
con7
CoDe
CODE
conn
CODE
COEQ
COEZ
COE4Y
COES

COEB
COE®
COER
COEC
COED
COEF
COF1
COFZ
COFS
COF7
COF?
COFA

F&

a7

o7

24
B7

39

44
44
44
44
84
8k
81
8r
20
AL
an
AT
08
20
aD
gD
846

20

=7
Zb6
D&
S4
23
Db
)
DE
E7
A7
Qg
8

EQD2

Fo
EOOX

Qo
EQQR

O

F7

05
EDO3
7F

OF
30
29
L
Q7
@8
00
EC
(818

EER
FS
FZ
20

ED

E?

i8
CA
CR
82
o0
O

240
241
2472
2473:
244
245
244&;
2473
248;
24%;
2503
251

ez e
Foitw g

Pt Sy

254
255:
254
257
258:
259
2601
261:
262:
263
264
265:
26b:
267
268:
26%9:
270
271
2723

Ayer
2773

274z

Rk 4 4
o g

276
277
278:
279:
2803
281:;
282:
283;:
284
285:
286
287:
288:
289:
2902
291
292
293

294

295

294
297
298:
299

ouTC1  LDA
ABR
ASR
RCEC
STA
FUL
RTS8

X

R
=
B

A
E

S6R MNEMONIC ASSEMEBLER

ACIAS

TX reg. =2mpty?
ouTCl
ACIAS+1 Q/F character

¥Get a charcter with time-—-out

¥

GET FSH
LDA

=51 LDA
ASK
BCS
DEC
BNE
CLR
ERA

G2 LDA
AND

G= FuL
RTS

s} Do

L2 L R

¥Dutput hex.

X
OUTHL LSR
LS8R
L8R
LSR
QUTHR AND
ADD
CMF
BLS
ADD
ouT BRA
ouTZEH  LDA
ESR
LDA
INX
ERA
QUT4HS EBSR
QUTZHS ESR
ouTs LDA
ERA
£

¥Update time,

¥

CLOoCK FSH
FSH
L.DA
L8R
RCS
L.DA
L.DA
L.DX
8TA
8TA
INX
INX

I > DLD

A

A

A

mm

T m

E
A

#0
ACIAS
G2
&Gl
GE
ACIAS+1
#E7F

Q/P left mibble
#EF O/FP right nibble.
#70 Make ASCI I
#°Q
QuT O to 9
¥7 A to F
FRINTC Frint themn retwn.
Q. X 0/F byte in HEX
QUTHL
Qg X
QUTHR Frint themn return.
QUT2H O/F 2 bytes + space.
OUTZH O/F 1 byte + space.
HE20 0/F space/.
auT and then return.

SECS+1

TT1

NWDFTH Stack depth every even
MWDFTH+1

DFSTCHK

0, X

1, X
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COFEB DF 82 IO aTX DFSTCH
COFD 80 1080 301: CPX #3¥T1+DFSTRT+4
CLO0 26 05 202 BNE TT1

Clo2 CE 1000 3Z035: DX #DFSTRT
CL0o35 DF g2 S04 8TX DFSTCK
CLo7 C&s 05 05 TT1 LD& B O#S

Clo9 CE QQE8  30&: LDX H#RECS
clot A 01 TO7: T1 LD& A 1,X

CLOE 8R 01 308G: ADD A #1 ’
ctio 19 209 DAA

Clilti A7 1 J10: 8TA A 1,X

Cl1% 24 o2 T EL1s BCC T2

C113 &C OO0 312: INC O, X

Ci17 Al OR F1E:: T2 CHMF A 11,X
Ci119 25 OF Z14; BCS . T3

CliRB A& OO0 315 LDA A O,X

C11D Al 04 Ilb: CMF A 10,X
CliF 25 a9 Z17;: BCS 3

Cl21 &F 0O 218z CLR O, X

Cl12X &F 01 I19: CLR 1.X

C125 09 220 DEX

Cl2é6 09 321 DEX

127 SA 322: DEC ®E

C128 26 E2 3273 BNE T1

Ci2A 7D OOEX I24: T2 TST DAYS+1 Set day 000 tao day 001
C12D 26 08 325 BNE T4

Cl2F 7D QOE2 Z2b6: TST DAYS
C132 26 02 327 BNE T4

Cl134 7C QOES 328: InNC DAYS+1
C137 22 329 T4 FUL A

C138 == X530 FUL B

Ci13% 39 RS RTS
21 X

33Tz ¥%Convert double byte in X reg. to EBCD.

FZ4: ¥as ABCII in DIGITS + EOT.

I35 0%
ClZA DF F4 ITh: CVERTD 85TX XTEMF
C13C 946 F4 3E7: LDA A XTEMF
ClZE D& F3T Z38: LDA B XTEMP+1
C140 CE QODA 339: LDX #DIGITS
C143 DF F4 T80 8TX ATEMF
C145 CE Ci17A 341: LDX #CONST
148 7F QDY 3Z42: CVDEC1 CLR BTEMF
Cl4p EO O1 I4F: CVDECZ BUE B 1,X
14D AZ OO0 Z44: SRC A 0O,X
Ci4F 25 035 345 BRCS CVDECE
C151 70 Q0OD9 I4é6: INC BRTEMF
Ci54 20 F5 T47: BRA CVDEEC2
Ci186 ER 01 F48: CVDECE ADD B 1,X
158 A9 QO 349: ADC A 0,X
C18A 34 350 FSH A
CI18BR DF F& ISl 8TX SFTEMF
C15D DE F4 I52: L.DX XTEMF
C13F 94 D9 IS0 LDA A RBTEMF
Cl&al 8B 30 XS4 ADD A #°0
C1&3 A7 00 355 STA A O, X%
Cl&s =2 I54: FUL A
Clss 08 SG7 INX
C1467 DF F4 358: STX XTEMF
Cl&a% DE Fé I59: LDX SFTEMF
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Cl&R
Ci&C
Cl1&D
C170
c17z
G174
Civé
179
C174

C184
c187
C18A
ci8C
Ci8E
C18F
C192
C195
civa
Ci%E
Cl9E
CiAnl
Ci1A4
Cia7
CiAa?
ClAR

C1AD
C1RO
Clr2

Cir4

CiRs&
Cigl
cige
CiRA
C1lER

C1gC
CiBF
C1Co0
cicz2
Cic4

Ci1C6 =

Ci1c7
C1CA
cicc
CiCE
C1Do
21D2

Cips =

CiDs

68
08
aC
24
86
97
CE
39

Ty
ROy

7F

-

8D

s
A

39
78
79
78
79
78
79
78
79
A
?7

20

RD
80
2R
81

2

[810)
9
oC
39

BD
08
&b
a1
26

70
27
D&
26
an
7F

D7

184
D&
04
DF
QaDA

10

QD7
Qong
21

01

aopg
oon7
aong
QOD7
Qoba
QOD7
oonDgs
QOD7
D8

D8

DD

cove
0
Q4
0%

Q2

Coad

QOC
04

0Qs7
oD
E7
Oé
a
QOTC7

o7

Z99:
A00 3
401
402
4073
404 s
405,
404
4072
4082
409
410
411
412:
4173

414

41%5:
41é:
417s
4183z
419:

INX
INX
CFrX
BNE
L.D&
8TA
LDX
RTS
CONMNST FDE
X
XI/F up to
4

&
A

4 BCD digits.

S5R MNEMONIC ASSEMEBLER

HCONST+10
CVDEC!1

#4
DIGITS+S
#DIGITS

Fut EOT on the end.

10000, 1000, 100,10, 1

Is it & digit 7
No

Mot digit. Return with carry set.

Digit. Return with carry clear.

Enter here.
EQT 7

INDEC CLR DIG
CLR DIG+1

DX BRER INDIG
RCC DG4
RTS

DG4 ASL DIG+1
ROL DIG
ASL. DIG+1
RO DIG :
ASL DIG+1
ROL DIG :
ASL - DIG+1
ROL DIG
ORA A DIG+1
STA A DIG+1
ERA DG=

X

¥I/F one digit.

X

INDIG JSR IMCH
SUR A #70
BMI DE1
CMF & #9
BLE DE2

DE1 SEC
RTS

D32 cLc
"RTS

X

¥Send a string to console.

X

TF1 J&R QUTCH
INX

TYFES LDA A 0O,%
CMF A #4
BMNE TF1
RTS

*

¥Frint heading on the houwr.

X

HRHEAD TST HRFLE
REQ HDZ
LDA B MING+1
BMNE HO1
BSR HEADNG
CLR HRFLLG
RTS

HD1 STA R HRFLG
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cioge
cipe
CilDE
Cipp

C1DE
C1E1
CiE4
C1E7
C1EA
C1ED
CiFO
CiFT
CiF&
CiF7
C1F8
£218
C21A
Czic

234

234
0239
[tk
C23D

23E
Cz40
242
c245
C24b
249

C24A

Cz4c
24D
CR4F

c2s2

254

CRss
238
CZar
C28E
C261
C2b64
Cas7
C26A
Caslt
C2&E
C26F
C270
c272
Cc27
C2a7s
C274
C277
care
C27a

Cz27

9
Dé
24
=9

CE
ED
CE
BD
CE
BD
CE
BD
39
[oTA)
20
QD
On
20

oD

7D
Dé&
sS4
25
8D
7F
39
79

D&
=4
2

77
20

39

ED
CE
ED
CE
ED
CE
ED
24
D&
58
49
DE
99
44
Sb
44

=5 2

bl
@7
D7
DE

E7
Fo

CiF7
Coe2
QOEZ
COEQ
QOOEQ
COED
C21A
CoeR

QOCe
OF
E7

06
i3

0009

QOCe

E7

05
0008
F2

CLo7
QOES
COEDR
QOE7
COER
QOES
COER
CA

CE

CE
CH

F4
F5
Fa

420
421 s
422
4323
4242
435
424
427 ¢
428:
4292
30
4751 s

et Ll
-

474+
4T
436
477z
4723s
439
440
4412
4423
4473
444
445
4442
447
448z
449
450
451 s

452:

4535
454 ;
455
454
4572
458:
459
4AHQ:
4é&41:
442
446350
4&4
4465
4éab:
447
4468;
4bHF:
470z
471
4732:
4735
474
475
47 &
477
478
4792

HD2

¥
HEADNG

HEAD1
HEADZ

X
¥Frint
X
TWOMIN

FD1

FDZ

FD3

FRDAT

ROL
-ADD

RTS8
LDA R
BNE
RTS

LDX
JER
LDX
JSR
LDX
J8R
LDX
JOR
RTH
FCR
FCC
FCR

. FCR

FCC
FCE

DEFTH

TST
BER
LDA B
LSR R
RCS
BSR
CLR
RTS
ROL
RTS

LDA E

LSR R
BCC
ROL.
BRA
RTS

JSR
LDX
JSR
LDX
JBR
LDX
JSR
LDA
LDA
ASL

ADC
L8R
ROR
LSK
ROR
aTA
8TH
LDX

DI DmD> DO DO

S5E MNEMOMIC ASSEMBLER

MIMNG+1
HD1

#HHEADL
FRINTS .
#DAYS
QUTAHS
#YEARS
QUT4HS
HHEADZ
FRINTS

$6
" PESTBZ REV1. C.G.FLEWELLEN 1982"
$D, 4

$D, $4

“ TIME DEFTH FH SLOFE"

%D, 4

every two minutes.

EVNMIN
FD2
MINS+1

FD1
PRDAT
EVNMIN

EVNMIN
MING+1

FD3
ODDMIN
FD1

HRHEAD
#HRG+1
DUTZHS
HMINS+1
DUTZHS
#SECS+1
OUTZ2HS
MWDFTH
NWDFTH+1

NWDFTH+1
NWDFTH

XTEMF
XTEMF+1
LTEMF
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CZ7E BD C13A  480: JER YRTD
C281 BD Co9z 481: J8R FRINTS
C284 RD COE4 482: JER ouTs
CER7 CE QOoCC 483: LLDX #HFHABE
C28A BD COEZ  484: JE8R QUTZHS
C28D 8& 20 4852 LDA A #%20
C28F D& CD 48é&: LDA B SLOFE
Cz921 24 OZF 4871 BFL FD4
D293 30 ) 438: NEG R
C2%94 8B 0D 4893 ADD A #$D
C2946 EBD CO&F 4%90: FD4 J8R PRINTC
C299 17 491 TERA
C294 BD COCE  492: JER QUTHR
C29D B& 0D 493 I.DA A #3$D
C29F BD CO&F 4%94: JER FRINTC
C2AZ 39 495 RTS
494 X%
497: ¥Print error messages.
498: X
C2A% CE C3ZT30 499: ERRS LDX HERMESS
C2hké& DF F& 300 8TX SPTEMF
288 CE OOCE  S01: L.DX HERRDORS
CZ2AR AL OO S02: ER1 LDA A O, X% :
C2AD 27 oD S03: BREDR ERZ
2AF &F QO S04 CLR 0. X
CZ2r1 DF D3 o055 STX XT
C2RE DE Fé Sbe 1.DX SFTEMP
285 EE QO S07: LDX O,X
C2R7 BD CO92 308: J8R PRINTS
2BA DE DS S09y LDX XT
C2RC 96 F7 S10: ERZ LLDA A SPTEMP+1
CZ2RE 8R 02 S1ls ADD A #2
200 24 03X S132: rRCC ERZ
C202 70 00F&6 H13: INC SFTEMF
C2Cs 97 F7 S14: ERZ STA A SPTEMF+1
Ccz2C7 08 515 InX )
2208 8C QODE  Slé: CPX HERRORS+7
C2CR 246 DE 517 BNE EFR1
C2CDh 39 518 RTS
319: % '
S20: ¥Get time +from E/R
\...‘.:..1 a *
C2CE CE C307  522: GETTM  LDX #MESS1
C2D1 EBD ClCO  =23: J8R TYFES
2h4 BD Clg4a 243 JB8R IMDEC
C2D7 81 ER 525- CHMF A #3ER Egc — $30
C2D9 27 F3 S26¢: BRER GETTH
SZ2hE DE D7 527 L.DX DIG
20D DF E4 5281 aTX HRS
C2DF BD C184 TZ9: JSR INDEC
ZEZ B1 EE BE0: CMP A $5ER
C2E4 27 EB 53l REQ GETTM
CZ2E& DE D7 S32s LDX DIG
CZE8 DF E& 5EE: STX MINS
2EA RD C184 S34: JER INDEC
CZ2ED 81 ER S EIH CMF A #B$ER
C2EF 27 DD 5336 BER GETTHM
C2F1 DE D7 BET s 1.DX DIG
C2FZ DF E2 S58y 8TX DAYS
CZF3 BD C184 3I39: JSBR INDEC
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C2F8
C2FA
C2FC
C2FE
C300
CIO3
CI06
CE07
CRO9

329
CZ40
C3473
L3445

CZ4D

CI30
CE3E

36C
C3&6E
C37E
CE80
CIE8F

391
CIAZ
[MRYAT)
C3A0

IAE
CIRE
CZRD
czese

C3CA
ICC
ICE

C3EDO

C3D2

CID4

CED&

Cz=bg

CEZDA =

CIDR =
S3DC 3

C3DD
C3DE
C3EQ
CIEL

JEZ
CIES
CIE7
CIE?

CIER 3

CIEC
CIEE

a1
27
DE
DF
CE
BD
39
(812
54
=0
oD
Qn
54
oD
21
OD
2

oD

-3
e

oD
4
.
oD

el
A

aD
21
D

el
e

oD

EE
Dz
D7
EO
34z
cico

Fa
Fs
F4
BF
EE
FS
Fa
Fa

€1

&3
&4

&4
&3

54073
=41
S42:
5S4
S44
G345
Tdbhs
S47
S48:
S4%9:
S950:
S51s
S52:
SE3s
554

555

556
557
558:
559
G560
Séhls
S&2:
Sh3s
5643
265:
Sbhb:
547
5468
549
S5700:
571z
572
573
S74:
575
SG7b:
577
S578:
o579
S80:
S81:
=582
=83
584
=85
584
587
=88:
=89
SS90
o911
592:
593
594
595;
5946z
597
598
S99

CrHF
RER
LOX
8TX
LDX
JER
"RTS
MESS1 . FCRE
FCC
FCC
FCR
MESESZ FCE
FCcC
FCE
¥
ERMESS FDE
ERR1 FCC
FCE
ERRZ FCC
FCH
ERRZ FCC
FCr
ERFR4 FCC
FCE
ERRS FCC
FCE
ERR& FCC
FCE
ERR7 FCC
FCE
% .

S8R MMEMONIC ASSEMRBLER

A HEER
GETTH
DIG
YEARS
#$MESSZ
TYFES

&D, $A
“TIME FLEASE (HRS/MINS/DAY/YEAR)
"FRESS ESCAFE TO RESTART™

sD, 5A, 4

$D, $A

"THANEYOU"

%D, 54,4

ERR1, ERRZ, ERRT, ERR4, ERRS, ERR6 , ERR7
"1t EXTRA TRIG."
$D, 4

"1 OVER SAMPLING
$D, 4

“1Y QVER LDADING"
$D, 4

vl FHASE IS WRONG®
$D, 4

"1l ONO TX®

$D, 4

"1 CANT XMIT®
$D, 4

"1y RX ERROR"

$D, 4

¥Add DATSIZ to X reg.

X
ADDX 8TX
LDA
LDA
ADD
ADC
STA
STA
LDX
: RTS
¥
¥Add acc A
X
ADDA FSH
CLR
TST
BFL
DEC
ADERA STX
ADD
ADC
STA
STA
FUL
DX
RTS
X
¥INTERRUFRT

XTEMF
XTEMF+1
XTEMF
DATSIZ+1
DATSIZ
XTEMF+1
XTEMF
XTEMF

Ll > 1 e P 5 e it )

to X reg.

ADEA

o

XSTOR
ASTOR+1
XSTOR
XSTOR+1
XETOR

WmDDmD

XSTOR

SERVICE ROUTINE
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CIEF
CEF0

IF3F
C3IF4
CIFS
C3F8
C3FE
CEFC
C3ZFD
CIZFE
CIFF
C402
C403
C404
C406
c4a09
C40FR
C40D
C40E
C40F
o411
C413
C414

Ca16 =

c417
C419
caic
C41E
caz1
ca24
ca4z7
C429
c42C
caz

C431
CA433
C4T6
Caz9
C4TE
C43E
ca41
C447
ca4s
C447

448 7

Ca4m
Ca4cC
C44
cas1
cas2
C454

G457
C43A
C48C
C4EF

aF
Fé
58
4%
Fé
7D
58
49
58
4%
Fé
58
4%
D&
F7
54
24
IR
44

2

20
44
24

Cé
F7
Cé
F7
7F
7D
27
7D

s
o
73
20

7F

-7 T
oy

Cé
F7
7D
D&
Ca
D7
ED

o -y

44

7E
44

el
2

7E

7D
Cé
F7
Cé

8O0&

8OOH
8008

g0O0R

RC
goog
EC
01

8041
0z

8041
QO&C
Q0LS

1E

Q0&s

05
Qabsd
14
QO&b
QRbC
Q5
8006
s004
BC
08
BC
CoE®

0x

C4co

PR
C4DF

g009
Fq
g041
o1

SO
&0l
HO2:
HOX e
&HQ4
&LO5:
LHOb:
&7 s
&08:
&0
610
bll:
&12:
&1735:
&l4:
615,
bléb:
&17:
&£18:
&19:
&H20:
&2l
L2
23z
24:
625
&26:
&27:
&L28:
L2327
&30
&35l

¥
INT

JG

J1

¥load cleock

CLEL

CLKZ

X

CLR
L.DA
ASL
ROL
LDA
TST
ASL
ROL
ASL
ROL
LDA
ASL
ROL
LDA
S5TA
AND
BNE
RTI
LSR
RCC
EBRA
LSK
BCC
FSH

LDA
85TA
LLDA
STA
CLR
ST
BE®
TST
ENE
com
BRA
CLR
cam
L.DA
8TA
TST
LDA
ORA
STA
JER
FUL
LER
BCC
JMFE
LER
BCC
JMF

¥Trigger.

X
TRIG

78T
LDA
sTA
LDA

mpmm >

Mmoo nD o

o

A

oo om oo

m o

malom

5]

ADC+2

DAC+2
DAC

DAC+Z

FLAGS
DAC
FLAGS
JO

J1
TRIG

J2

#5EQ
TIMER+1
#3
TIMER+1
DISFMD
DISFEN
CLEZ
DSFRST
CLER
DEFRST
CLEZ
DSFRST
LISFMD
#5
ADC+2
ADC
FLLAGS
HA41000
FLAGS
CLOCE

J3
TIM

INT
5AM

DAC+1
HEF4
TIMER+1
#1
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Test +for E0C
Test for 1 sec. and timer.

Clear timer interrupt flag.

Test for trigger.

O/F to LEDs
Mask—off interrupts not enabled.

Feturn fr-om interrupt.

Was trigger interrupt.

timer +or 1 Sec.

Do display nenxt time»
Do display noaw

Enable sampling interrupts

Advance time

Was timer end of count interrupt.

Check no further interrupts.
Must be sampling interrupt.

Clear trig. interrupt flag.

Load TIMER 1 with 1/2 sec.



FESTR2 85R MMEMONIC ASSEMELER

Caal F7 8041 &H&0: 8TA B TIMER+1
Cd4&4 7F QOAS &bl CLR DIGFEN
Ca67 7D QO&7 bEZ: TST DISFDN Display requested?
Ca4ah 246 OF . L&E: BNE TREG1
Ca4sC 73 0045  bH&4: comMm DISFEN Yes, set display enable
C44F 7C QOBD  468: TRB1 ING TRGFLG
C472 8B& Q4 bbb LLDA A #UO100 Timer mask pattern.
474 95 RC bb&7 e BRIT A FLAGS Timer still running?
Ca474 27 16 bHa3: RER J4
£478 0& Ol &H46F: LDA B #1
C47a8 D7 CE &701: 5TA B ERRORS
C470 70 8042 &71: INC TIMER+Z Stop timer.
C47F 7D 8008 &72: 78T aTatms Clear its interrupt flag.
482 D& RC &7z LDA& B FLAGS
C484 C4 1H L74: AND B #%11011 Clear its mask bit.
£agse D7 RC A7 8TA B FLAGS
488 7C QGOAR &76: INC FLSTRG False trigger count.
C48R 7E CIEF  &771: JMP INT
&£78: X
C48E 7F 00a8 &79: J4 CLR FLSTRG
Ca%1 7D 00QAD &80: TST SMDONE Sampling to be dane?
Carq 246 33 &81: - BNE Jdé
C4%94 DE RBA A8 LDX DELAY Yesg
caw8 27 IF L83 BER IS Mo delay. Don*t start timer.
484: ¥Set up timer.
C49A C& RO &85 LDA B #$RO
CA49C F7 8043 &8b6: 8TA B TIMER+Z
C4%F D& BER &87: LDA B DELAY+1 Low byte
Caal F7 8042 &84: 8Ta B TIMER+Z
C4A4 D& BA &89 LDA B DELAY High byte
C4a6 F7 BOAZ  &F0: STA B TIMER+2
- C4Aa% C& IF &1 LDA B #$1F
Caag F7 800a &L92: STA B DAC+Z Enable timer int.
C4A/E 7D BOOB 493 TST DAC
C4grl D& BRC &LFd LDA B FLAGHE
C4r= Cha 04 L5 ORA B HAOLOO Set timer mask bit.
C4gs D7 RC &LEPbs STA B FLAGS '
C4R7 20 10 &97: ERA Jé
L8 %
&HP9: *(Get ready for sampling
C4R9? DE RE 700: IS LDX DATSIZ
C4are DF CO 701 STX DATCNT
C4BD C& 03 TGR: IL.LDA B #3 Enable zampling
C4RF F7 8004 703: STA B ADC+2
CaAC2 70 8004 T04: TST ADC
Ca4Cs Ch6 1R 705 LD& B #%411011
g4ac7 b7 BC T0h: 5TA B FLAGS
C4C® 7E C3IEF 707: Jé JME INT
708: X N
709: ¥DELAY Here when count-down finished.
7l X ’
CACC 7C 8042 7Fli: TIM . INC TIMER+2 Stop timer.
C4CF C& LE 712: LDA R #$1E Stop timer.
C4nD1 F7 BOOA 7173 STA B DACH2
C4D4 7D 8008 714 TST DAC
C4D7 D& ERC 715 LDA B FLAGS Clear its mask bit.
C40% C4 1R FAR=Y AND B #%11011
C4DE D7 BC 717: STA B FLAGBS
C4DD 20 DA 718: BRA J5

719: XSample. Here on EOC pulse from &DC.
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C4DF
CA4ED
CAES
Ca4E7
C4EA
C4ED
C4FOQ
C4FZ
CaFa

CaAF &
carg
C4FA
C4FD
CEOO0
CSO=
Cs0s
Coo8
CSOR
C3oc
CsoD
CBOF
C511
CcS14
CS1&
CS519
CSiRm
cCE1D

CS1F

ca21
Co23
CS24
CSi

Ccsz29
CSZE
C32C0
CSZE

Ca3o0
Ccezz

CaZ4
CS5Z4

CSE9
CEIR
CS3E
41
CE43

Co4S

CCE47

CE4A

CS4D
CE4F

Sl

70
7D

—
27

ED
7E
70

nd
o

DE

g
Lo

D&
D7
B&
F&
BD
7D

-
27

74
58
45

2
A

86
7C

2

74
20
81

2

DE
a7
08
DF
B7
DE
09
DF

D&
CA
D7
7E

Cé&
F7
7D
D&
C4
D7
7F
7E

Cé&
D7
Cé

Q004
0060
(92}
CCs2
ZEF
QOMAD
47
Co
47z

c4
Q0

8005

8004
Cé&3E8
Q00
13

QOO0

F4
FF
QQC2
09
QOC2
Q4
FF
F2

C3
00

Co
8009
CG

Co
iD

BC
08
BC
C3EF

Q4
8004
2004
RO
i7
EC
8009
C3IEF

a1
Ak
Q4

4
g

A4 id b

-,

M.
>

~
~d

|
~~

ST RN o

i

~ N

~
-0

SAM T8T ADC
TS DISFMD
REER 8SM1
JER RABTAS
JMFE INT
8M1 TST SMDONE
BNE Ja
LDX DATCNT
BEQ J8

¥Sample during echo
¥Apply AGC and TVG
¥

LDA B SCALE
8TA B SCTEMF
LDA A ADC+1
LDA B ADC
JSR VG
J13 T8T SCTEMR
BRER J15
DEC SCTEMF
ASL R
ROL A
RrCC J13E
LDA A #$FF
Ji4 INC OVFLW
BNE J1é
DEC QvFLW
BRA Jié
J15 CMF A& #$FF
BRER Ji4
¥Store the sample
Jié LDX DESTAD
8TA A 0, X
INX

STX DESTAD
STa A DAC+1
LDX DATCNT

DEX
STX DATCNT
RER Je

¥Continue sampling.
LDA B FLAGS
ORA B #X1000
STA B FLAGS
JMP INT

X

¥Disable sampling

Ja LLDA B #4
STA B ADC+2
TST ADC
L.DA FLAGS

8TA FILLAGS
CLR DAC+1
JME INT
X
¥Sampling finished.
Je LD& B O#1
STA B SMDONE
LDA R #4
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AND R #X10111
B

S8R MNEMONIC ASSEMEBLER

CDlear int. flag
Display made?

Mo, samnpling done?

Na, no data to be sampled?

Get high 8 bits.
Get low 4 bits.

Alraeady maxm. gain.

Double sample.
Overloaded?

Yes. Set to F.S.
Count overflaws.

Count saturates at
F.8.7

Yos

Store in array

Advance pointer

Echo sample to DAC

Decrement data count
Zero — finished sampling.

Set sampl ing mask bit.

Clear its mask bit.

Set sampling done flag



FESTBZ

C:
Cuhé
Css

CSSE
CE30

CEEF

CSaZ
CI65
Coa7
CS469
CS&6R
CE&D
CE70
Cco72
=74
CS76
c=78

53 F7

70
D&
ca
D7
7F

7D
27
Dé&
C1
25
7D
24
()
D7
20

74

20

C37R 2C

CS7D
CE7F
caEan

cE8=
CaRs
ca87
£csee
cE8C
CS8F

\

Cca92
CcE94
CS596
oEeg
Ca?A
CEoR
CEeD
CE9F
CSAl
oS

CE 94
CBA&
CSaB
CERA
CEAD
CEAD
CaRoO
0oz
CSE4a

D&
Ci
25
Cé&
DY
20
7C
7F
7E

D&
?5
7R
D%
Ry
D&
2E
Cé
D7

-r=r
20

c1
24
D7

","—."
e

7
&

-
27

ar
ce

20

Cars 20

CORs
CSEA
C3RC
CaRE
csco

2R
ce
D7
?7

A

8004
go04
BC
17
BC
009

DOC2
16
c2
Q5
iF
QOC4
é
OF
DO
14

QOc4

OF
c4
04
Q4
04
c4
QX
Qo4
QoOE2
3EF

Ca
CHE
=35
BA

co
Q7
04
D1

12
O&
FS
A7

O0A/a7
05
Do
07
F3
08
Qo
CA
CE

780z
781z
T82:
7873
784
785
784
787
788:
7893
790
791
72:
793
794
795:
796
797z
798:
799
800:
801
802:
8073
804:
805:
80b:
8072
208:
809:
810
811:
812:
813:
814;:
815:
Bléa:
817:
8183:
g19:
820
821z

8223

Q273
824
225
824&6:
827

28:
829:
830
831:
Q32

—
8335

gT4:

83
23
a8z
Q.
83

-
-r

Ss
=¥
N7 s
2831
]

STA
TST
LDA
&NMD
STA
CLR

R

E
B
B

*¥Ad just gain

8T
BRE®
LDA
cMP
BCS
78T
BNE
LDA
a8TA
BRA
DEC
EBRA
LDA
CHF
BCS
LDA
8TA
BRA
INC
CLR
JHMF

Jig

J1°

JZ20
JZ21

*

*Adjust DEFTH (ms)

X

ADJUST LDA
LDA
ADD
ADT
FSH
L.DA
BGT
LDA
STA
FUL
BRA
CMF
BCO
STA
FUL
DEC
RER
ADD
ADC
BRA
ADD
ADC
STA
8TA
RTS

ADJ1

ADJ2

ADJE

abJ4

¥

s 1IN o m W mHEHxpg momDDo

mm D

ADC+2
ADC
FLAGS
#410111
FLAGS
DAC+1

888 MMEMONIC ASSEMELER

Clear its mask bit

Echoed Q/F goes to zrero.

for next sampling session

OVFLW
Jie
OVFLW
#S
J21
SCALE
Ji8
#3
ERRORS+2
Ja21
SCALE
J21
SCALE
*4
J20
#4
SCALE
J21
SCALE
OVFLW
INT

NWDFTH
NWDFTH+1
DELAY+1
DELAY

FHASE
ADJIZ

#4
ERRORS+3

ADJ4
#b
ADJ1
FHTEMF

FHTEMP
ADJ4
#$DO

#7

ADJE

#3

#0O
MWDFTH
NUDFTH+1

No aver+flows

No.

Gain can be increassed
"Over loading®

Reduce gain

Can gain be increased?

" Yas

No set it to maxm.

Increase gain

And return

for delay and FPHASE

Get fresh depth

Add on delay (m%)

fero or negative?

Fhase out of range

FPhase too large
O0-15300 m actually phase

Add 2000 =8

Loop until PHTEMP=O
Adjust for shift due to
Frapagate carry

Fut it back corrected.

¥Find leading edges of echo signal.

¥lorrelate with

¥
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17 sample ramp

- -8 to +8

af overflows allowed.

"EDGE™



FESTEZ

CEC1
CsCa
CaCa
CECs
CECA
CcECh
CECF
CED1
cEne
CSh=
C5DhS
csn7
csDs
CEDA
csne
CEDE
CSEQ
CSEZ2
CeE4
CEE7
CEE?
CSEA
CSEC
CoEER
CSFQ
CaF2
CSF3
CsF4
CBF5
CSF&
CcsSF7
CSF8
CSFA
CSFC
CSFE
CHO0
CoHO2
Co04
ChOb
Caog
CLHOA
CHOR
CsOC
CaOD
C&OE
CoOF
C&l0
Coll
Coh12
C&alag
Csla
Cal7
Ca18
Coin
Cs1c
CoH1E
C&20
CoHED
CH24

Ca2é

CE
DF
DE
84
ED
DF
DE
4F
SF
AR
ol
08
SC
26
D7
57
DE
8&
ED
DF
SF
DE
AL
AR
Co
a8
59
48
59
48
59
AR
co
SE
DY
QPO
D2
97
D7
26
4F
SF
48
=59
48
59
48
59
24
Cé

-
=7

5F
Ab
a0

o2
fand Lew

OH
De
7

D7

e

-

QOO0
Al
5D
11
CIDE
Fa
eD

Q0
Qa0

F4
F7
A
¥}
QF
Fo
CZDE
AS

QD
Q0
i1
00

00
(418]
AR
a1l
a4

-

Al

02

0z

FF

i1
QO
00
a4
A5
a4
AT

S40;
241
842
8473
a44:
S45:
844:
847
848:
849
850
851
832:
8573
8541
855
856:
857:
858:
859
8&03
961
8&62:
8&67:
854
845
8&6:
B&7s
848:
847
870
871:
372:
9773
874¢
875:

874:

877:
878:
879
880:
881:
882:
B83:
884
aBo:
886:
887
8881
889
890
821
892:
g897%:
8943
g893;
2396
97
8298:
89%;

EDGE

E

E

1

b

LDX
STX
LDX
LDA

- J8R

8TX
LDX
CLR
CLR
ADD
ADC
INX
CFX
BME
8TA
S5TA
LDX
LDA
JSsR
8TX
CLR
LDX
LDA
ADD
ADC
ASL
ROL
ASL
ROL
ASL
ROL
ADD
ADC
ADD
ADC
SUE
seC
874
STA
BFL
CLR
CLR
ASL
ROL
ASL
ROL
ASL
ROL
BCC
LDA
FSH
CLR
LDA
SUR
SEC
ADD
ADC
85TA
STA
FUL

mrmbD

i

DO IDODD POl lroibooolodD

Tl Dmmm

HO

Sk
FIRSTX
#17
ADDA
XTEMF
FIRSBTX

B ¢
HO

XTEMF
El
SUMEK
SUME+1
LABTX
#-14
ADDA
EGEND

FIRSTX
DX
17, %
#0

O, X
#0
Sk+1
=14
SUMkA+1
SUME,
Sk+1
8K

EZ

ES

HEFF

17, X
0, X

HO
SUME+1
SUMEK
SUME+1
SUME
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Initialise running sum

Edge stops before end of data

Start algorithm

Times 8

Set -ve wvalues ta O

Times 8

Over loaded?
Set to F.S.
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ChE7
Loz
CH2A
C4ZR
CH2

Co&EF
C&El
C&33
Ca34
0&35
C&37

Cezg
CoHIR
C&3D
C&3E
C&3F
C&41
C&a43
Co45
Cs4a7
4549

Ch4R
C&4Db
C&aF
Ca31
Co&EE
CaEs
C&657
CosI?
C&5A
C&6E0
C&EE
Co40
Ché1l
Casz
D663
Cas4
CHES
Cobb
Co&a68
ChaA
Casl
Ce&E

Coau&F

Cae70

Co73 3
C&74

Ce&7E

Coe786 3

C&77
Ce78
Ce7a

E7
SF
a8
ZC
26
C&
&F
08
A
24
9

7D

37
36
2?4
D&
PR
D2
QPO

-
<

C1

me
vy
=
a

a1
23
20

o2

SF

80

aF
97
97

Q0

AS
RBRD
11
00

Fé

GORS

39

BE
RA
BF
EBE
c1
Co

07
b
ag
DO
04
DO
07

O
48

Q3

Qc
ca
08
48

CHES

A
R

QOO
P01z
POD:
PO
04y
P05
FOL:
FO7
208:
PO
Q10
P1il:
PL2:
P13
21i4:
P15
Flée
@17
218:
@19:
P20z
921
P22:

oy
-

P24
RG:
PRb:
RE7:
?28:

29:
Q30
P31
QIR
P34
P35
EART
QE7:

238:

39

Q40
@41
P42
P43
444
P45
Q4L
P47
243:
4G
PS50
ks A
o2

-
Eaw RS-

P54
PEGe
PEhH
P57
PS8
FED .

E4

XApply

TVG

STA
CLR
INX
CFX
ENE
LDA
CLR
IMX
DEC
ENE
RTS

TVG

T8T
ENE
FSH
FSH
LDa
LDA
ADD
ADC
SUER
SEC

86R MNEMONIC ASSEMELER

O, X Over—-write with result
EGEMD Finished vyet?

EZ2 No loaop back

#17 Clear rest of array
Oy X

E4

in TX range.

D> dbmlDm

¥We now have

TV1

TV3

TV4

TVS
X
XFEAL

CMFE
BHI
BCS
CMP
BCE
SUR
SRC
TST
BNE
CHMF
BRCC
ING
INS
CLR
CLR
RTS
T8T
EBME
CmE
RCC
SUE
ASL
FSH
JER
ING
FUL
FUL
RTS

E

mom I

>

DT>

o

GATNFG Gating mode?
T™VG I+ yves then don’t apply TVGE

DELAY+1

DELAY

DATSIZ+1

DATSIZ

DATCNT+1

DATCNT

position of sample ra. TX

#7

V1

TVZ2

#$DO

TV2

#$DO Result is greater than 2000

#7 therefore subtract 2000
High byte zerao?

TVE I+ no then aout of TVGE range

#72

TVE
Repair stack

0=-72 therefore return zero

TV4

H200

TV4

#72 Ramp data O - 1
MFYDRL X 2{sample nao.-114)

¥Find nearest peak to FREDICtion and largest overall

X
FEAK

CLR

A

5T& A FEVAL
STa A FEPOSN
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C&HT7C 97 @C FLHO s ST A FEPOSN+1 -
CA&7E DE 9F &1 1.D¥ LASTX
CHBG a9 PLs DEX
C&al1 DF AS PhHTs STX EGEMD -
C&BT CE 7FFF 944: L.DX HETFFF Largest +ve No. te start with
Ca&B& DF 98 PHT 8TX OFFSET
C&B8 DE 9D Phds LDX FIRGTX
CaBA As O P&7: PR LA a 1,X%
CaABC AL 00 LB CMF A O,X
CaeBE 23 04 P& BLS PE2
Ca?0 Al o2 P70 CHF A 2, X
CeRE 24 04 @71 BCC FEZ
Ca&94 08 Q72 PEZR INX
C&a?s QC A P77 CFX EGEND
0697 24 F1 P74 EBNE FEl
Cav? 39 7S RTS
C&94 08 P74 PEZ INX This sample is greater then adjacent
@77 % ones.
Co9R DF 94 P78 87X SAVX
C&9D 9C AS P73 CFX EGEND
Ca?F 24 01 P80 BNE Fr4
CsAl ZE9 ?81s RTS
ToAZ 97 E9 PQ2: FE4 8TA A ATEMP
Cé&hd 94 97 P83 LDA A SAVX+1
Chhs D& 26 784 : LDA B SAVX -
CAAB 20 9E P85 SUER A FIRSTX+1 Find relative position
CéAR D2 9D 924 SEC B FIRSTX
CL&AC 97 DA P87 STA A XT+1
COAE D7 DS ?88: STA B XT
?89: *%Call WEIGHT to weight signal 0 at edges to 1 in middle
C&4BO BD C76A  F90: JSR WEIGHT .
C&RE 97 B9 P91 STA A ATEMF
CaRS 91 94 92 CMF A FEVAL * than peevious greatest?
CAE7 23 06 FPI: BLS FES X
C&EBT? 97 9A P94 STA A FPEVAL Yes. It becomes newest maxm.
C&RE DE DS FOT: LDX XT
C6HRBD DF 9FH PRL: 8TX FEFOSN And save its position
CeRF 94 Db PR7: FED LDA A XT+1
C&Cl D& DE 998: LDA B XT
P99: ¥ls it closest to FREDICtion?
CaCE 90 99 1000: SUER A FREDIC+1
CeCS DZ 24 1001 SEC B PREDIC
C6E7 28 02 1Q02: BFL. Flé We only want madulus of difference
CsC? 407 1003, NEG A
C&CA 53 10064 com E
CACE D1 98 1005: FES CHMP B OFFSET Have we =& smaller OFFSET than
10046 X before?
C&CHD 22 12 1007 BHI Fkg Mo
C6CF 25 04 1008: RCS FK7
C&ehl 2?1 99 1009: CMP A OFFSET+1
CeD3 22 0C 1010: BHI FEB
C&Ds 97 29 1011y PE7 STA A OFFSET+1 Yaes Save it
C&D7 DY 98 1012: 8TA B OFFSET This is m=aw OFFSET
C&6D% 9& B9 10173, LD& A ATEMF
Ccabr 97 <1 1014 8TA A NRSTHT Save its amplitude
C&DD DE DS 1015, LDX xT
C4&DF OF 22 10 14;: 8TX NRSTFS Save its position
CoEL DE 94 1017: FES L.DX SAVX
C&ET 20 AS 1018: BR& PEL kKeep laok:ing .
C101%9r X
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CoES
C&ESL
CeES
CHEA
LCaEC
C&HEE
C&FO
Ca&F2
C&F4
C&F &
C&F7
C&F8
C&FA
C&FC
C&FE
C700
C701
C702
c704
C706
C703

c70a =

C70R
C70C
C70E
C710
C712
Cc714
C716

C718-

C71A
C710
C71E
C720
C721

c72R

ol

Il Y

LI 2
C726
cra
C72A
c72
72F
C7Zz0

-
F

30
Cés
D7
Ab
7
Ab
@7
Cé&
D7
o1
Q1
As
97
Cé
D7
a1
01
P8
A7
L)
A7

30
Cé
D7
AL
97
AL
97
A
97
Cé
D7
01
o1
P&
A7
P4
A7
7D

L)
27

QD

Y

DE

T
FC
Oz
FF
04
FE
79
FC

0%
FE
71

FC

FD
O=
FE
04

70
FC
a2
FF
O3
FD
O4
FE
72

FC

FE
o3
FD
Q04
QOFC
01

1020z
1021
1022:
1023
1024
1025:
1028
1027 :
1028:
1029
1030:

1035
10354
1037
10Z78:
1039:
10402
1041
1642
10473
1044
1045
10861
10472
1048:
1049
1050
1051
1052
1053
1054
105G
1036
1057
1058:
105%9:
10602
1061 :
1062
1063
1064
1065
10&b:
10&7
10&48:
1069
1070z
14671
1072z
1073:
10744
VO75:
1076
1077
1078«
1079:

S8E MNEMONIC ASSEMEBLER

iMultiply double byvte by single byte but throw away LSEyte
¥arguments are passed on stack @

¥low byte multiplicand {(first on stack)

¥high byte "

¥one byte multiplier |

¥Results in & _

Hl.ow byte product

¥high byte "

¥unchanged multiplier

MPYDEL T8X

LDA B #$70
STa B MULT
LDA A 2,X
STA A MULT+Z
LDA A 4,X
8TA A MULT+2
LDA B #%79 Start multiplier
STA B MULT
NOF Wait for it
NOF

LbA A I, X
8TA A MULT+Z
LDa B #&71
STA B MULT
NOF

NOF

LDA A MULT+1
STA A Z,X
LDA A MULT+2
STA A 4, X
RTS

E 3

¥Divide double byte by single byte.
¥Dividend and divisor on stack.
¥Buotient and remainder returned. -

DIVDEL TSX
LDA E #$70
STA E MULT
LDA A 2,X
STA A MULT+3
LDA A 3,X
5TA A MULT+1
LDA A 4,X
STA A MULT+Z
LDA E #$72
STA B MULT
NOE
NOF
LDA A& MULT+2
STA A 3,X
LDA A MULT+1
STA A 4,X
TST  MULT
BEQ  DVi
SEC

DV RTS

¥Ghift gate by adjusting delavy.
¥Out of range delay is prevented.
%

SHFTGET LDX DATSIZ
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733 DF F4 1080 5TX XTEMF
C735% 74 O0OF4 108i: LS8R L TEMP
0738 76 OOFS 1082: ROR X TEMP+1
C73R 90 F5 1083: SUR A XTEMF+1
C7E 2 F4 1084: SEC B XTEMF
C73F 9B EBR 1085 ADD A DELAY+1
C741 D9 EA 1084 ADC B DELAY
C747 26 OB 1087 BFL SH1
C745 8B DO 1088: ADD A #$DO
C747 C9 07 1089 ADC B #7
C74%9 768 QOLC 10%90: DEC FHASE
£74C 97 B8 1091 STA A AVDRTH+1
C74E D7 B 10922 8Ta B AVDFTH
C7sSG o1 07 1093 §H1 CMF B #7
C752 Z2 04 1094; BHI SH2
C754 25 OF 1095 BCS-  SH
C754& 81 CE 1094 CMF A #$CE
C758 23 OB 1097 BLS SH3
C754 80 CF 1098: SH2 SUR A #%CF
c7sC C2 07 1099 SRC R #7
C7SE 7C QOCC 11003 INC FHASE
C741 97 BB 1104 STA A AVDPTH+1
C763 D7 R7 1102 5TA B AVDFTH
0765 97 BR 1107: SH3 STA A DELAY+1
C7&7 D7 EA 1104: STA B DELAY
C7469 39 1105: RTS

1106: X

11072 XWEIGHT differentiated signal - zero at ends
1108: %one in middle.

110%9: %
C745A DE EE 1110 WEIGHT LDX DATSIZ
C76C DF F4 11it: 8TX XTEMF
C74E 74 0OO0OF4 1112: LSRR XTEMF
C771 74 DOFS 1113: ROR XTEMP+1
C774 94 Db 1114 LLDA A XT+1
o776 D& DI 1115: LDA B XT
778 D1 F4 111&: CHMP B XTEMF
C778 22 Q& 1117: BHI WG1
C77C 25 0A li118: RCS WE2
C77E 91 F3 1119 CHF A XTEMP+1
C780 2T 064 1120: BLS WG2
c782 40 1121: WGL NEG A
C7e3 9= 1122 com E
C784 9B BF 1123 ADD A DATBIZ+1
C78& D9 BE 1124 ADC B DATSIZ
£788 - 1128 WEe FEH A
cvgee = 1124 FSH R
C78A Be 1127 LDA A ATEMF
c7ec 1128: PSH A
c78D CHED 1129: JSR MRYDRL
C790 = 11302 INSG
C791 I3 1131 FUL E
c792 32 11232: FUL A
C79% QOR? 11335: CLR ATEMF
C794 O0F4 1134 WGS TST XTEMF
o799 27 ObD 11358: BER WG4
C79r 74 00F4 113é4: L8R XTEMF
C79E 74 QOFS 1137: ROR XTEMF+1
J7A1 S4 1138: LS8R B
C7AZ 44 1139 ROR A
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C7AT 74 QOOBY 1140: ’ ROR ATEMF
C78&6 20 EE 1141z BRA WE=E
C7A8 D6 B2 - 1142: WG4 LDA B ATEMF
C7&8R 37 1143; FSH R
C7AR 36 1144y FSH A
C74C 94 FS 1145; LDA A XTEMP+1
C7RAE T6 11463 FSH A :
C74F BD C70R 1147: ISR DIVDEL
cC7Bz2 = 1148: INS
c7R3 I2 1149; FUL A
C784 =1 1130: INS
C7rE 39 1151 RTS
' 1132: %
1153: ¥8ingle pole FILTer
1154: x .
C7B6 34 1185: FILT FSH A
C7R7 =7 1154 FSH R
C788 94 R4 1157: LDA A COEF1+1
C7BA 34 1158+ FSH A
C7BR 246 B 11592 LDA A CDEF1
C78D =& 1'150: FSH A
C7BE BD CB1D 1lisl: JSR MPYZ2X2
C7C1 33 11462 FUL B
cvee =2 1163: FUL. A
C7C3 =t 11&4: INS
c7c4 31 1145 INS
Z7CS 9k RS 11&66: ADD A AVDFTH+1
C7C7 D9 ®B7 1147: ADC B AVDFTH
c7C? 36 1148: FSH A
C7Ca 37 11469: FSH B
C7CR 926 Ré 1170 LDA A COEF2+1
C7CD =& 1171: FSH A
C7CE 94 BS 1172z LDA A COEFZ2
C700 34 1173: FSH A
C701 BD C8B1D 1174: JSR MEY2X2
C7D4 3= 1175 FUL B
C7Ds =2 1174: FUL. A
C7D&6 31 1177;: INS
C7D7 =1 11783: INS
C7D08 97 B8 1179 STA A AVDFTH+1
C7DA D7 R7 1180; STA B AVDPTH
c7oc 39 1181: RTS
1182: %

1183 #Multiply 3 bytes by 1. Multiplier,multiplicand
1184: ¥and product passed on stack

1185 %
Q70 1184: RESET EQU 570
QO79 1187: MULCLR ERU $79
QG711 1188: MULCOM EQU $71
1189: x
C7DD E0 1190 MPYLXE T8X
C7DE 8& 70 1191: LDA A #RESET
C7EQ 97 FC 1192 STA A MULT
C7E2 A&s 02 1193;: LDA A 2,X
C7E4 97 FF 1194 STA A MULT+3
C7EL A& 05 1195;: LDA A 5,X
C7E8 97 FE 1194; STA A MULT+2
C7EA B 79 1197: . LDA A& #MULCLR
C7EC 27 FC 1198: STA A MULT
C7EE 01 1199: NOF
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C7EF
C7F0
C7F2
C7F4
C7F&
c7F8
C7FA
C7FC
C7FE
ceon
cgol
caoz
Cge4
C80s
caog
CcrOA
csoc
CROE
C810
ce12
C81=
c314
C81s&
c8i8
C81A
cg1c

c81p
C81E
caza
CR22
824
CR2s
cez

£g2e
CB:ER
C82D
Cc8zF
caso
cax1
£ce3z
C8is
Ccez7

cgse

C83iRr I

caxl
CBIE
ce4a
g4z
cg4x
cge44
CB46
£gag
C844
£e4ac
Ce4E
cgao
c8s1

01
?b
a7
8&
@7
Ad
?P7
8é&
@7
01
a1
P&
&7
Fé&
?7
a&
@7
8é&
2?7
01
01
P4
A7
P4
A7
Y

30
8&
7
A&
7
Ab
b6
7
846
F7
a1
01
F&
A7
8&
?7
Ad

@7
86
97
01
01
Q8
A7
gé4
@7
abé
7

“rea
LI

P7

FE
05
Ay
FC
04
FE

71

FC

FE
04
70
FC
Q03
FE
71
FC

FE
QO3
FD

02

70
FC
03
FF

05

FE
79
FC

FE
03
70
FC
Q4

FE
71

FC

FE
04
70
FC
0oR

FF

L
i

12300;:
1201 s
1202:

203

1204
1205

2046:
1207
12083s

209
1210
1211
12122
1213:

214
1215
1216
1217:
1218:
12192

220;:

il I
ke d

1237
12738y
1239:
12403
1241
12422
12473
1244
1245:
1244
1247
1248:
1249
1250;:
1251

ey
1252

-
1253

1254
1255:
1254
1257
1258
1259

¥

NOF
LDA
STA
LDA
8TA
LDA
8TA
LDA
8TA
NOF
NaOF
LDA
8TA
LDA
8TA
L.DA
s8TA
LDA
8ThA
NOF
NOF
LDA
s8TA
LDA
8STA
RTS

¥Multiply

X
MPYZX2

TSX
LD&
STA
LDA
8TA
LDA
FSH
STA
LDA
STA
NOF
NOF
LDA
8TA
LDA
s5TA
LDA
FSH
STA
LDA
STA
NOF
NOF
LDA
aTA
LDA
8TA
LDA
8TA
UL
8TA

P> LD

P>

T D

o
Ln

22> D>DD PP

TTTDDPDDDD

S5R MNEMONIC

MULT+2
5, X
#RESET
MULT
4,%
MULT+2
#MULCOM
MULT

MULT+2
4,%
RESET
MULT

I X
MULT+2
#FMULCOM
MULT

MULT+2
X, X
MULT+1

2, %

bytes by 2 bytes

#RESET
MULT
3, X
MULT+3

5, X

MUL T2
#MULCLR
MULT

MULT +2
=, X
#RESET
MULT
4,%

MULT+2
HMUL.COM
MULT

MULT+2
4,%
BRESET
MULT

~y
s

MULT+Z

MULT+2
- 84 -
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£8s3
st
o857
Cass
ces?
Cask
£ash
C8SF
C8&G
C8&2
864
CB&b
848
Cc8s9
C8&E
C8&ec
caesE
ce7o
£a7za
cerz
c874
C874
cgrve
Cc87a
€87l
C87E
Ceso
ceez
c8Bg4

cers
ces7
cesa
ogan
cesE
c8eo
892
Cc8e:
Lt =S
c897
caee

ceeAa
cgew
c8eec
cgeF
C8Al
Ccaa4a
C8hRbs
C8A8
CaAn
=1alm
C3AE

&
7
01
Q1
P4
a7
A&
R
P4
A7
86
7

e
IR

7

e
Jaad

2?7
8&6
?7
01
Ol
&
AR
A7
R4
AT
A7
&C
39

Cé
F7
Bé&
4%
84
A7
08
Co
ci
26
39

aF
=5F
CE
DF
CE
&D

27
&A
DF
DE
AR

71
FC

FE
O

02

FD
Oz
760
FC

FF

F&
79

FC

FE
04
04
FD
0%
O3
[

R

Ba
g020
8020

OF

0

10
70

EE

cace
Fa
QLS
Q0
O
(18]
F&
F4
01

1280
1Z2&1:
12862
1267
12464
1265
12&66:
12467
13248:
124672
1270:
1271
1272:
1273

274
1275
12764:
1277
1278:
1279
1280
1281
1282:
1283:
1284:
1285
128&6:
1287:
1288:
1289;:

290
1291:
1292:
1293:
1294:
1295
1294
1297:
1298:
1299:
1300;:
1301
1302
1203
1304
1305,
13062
1307
1308:
130%:
1310
1Z11:
1312
1Z2173:
1314y
1315
1314
1217
1Z18:
1519:

LDA
5TA
NOF
NOF
LDA
85TA
LDA
FGH
L.DA
8TA
LDA
8TA
FUL
STA
FUL
aTA
LDA
85T4
NOF
NOF
LDA
ADD
8TA
LDA
ADC
S5TA
BCC
INC
MP1 RTE
X

TP DDD

DL

HMULTOM
MULT

MULT+2
T X

2, X

MULT+1
2, X
#RESET
MULT

MULT+Z

MULT+Z
#MULCLR
MULT

MULT+2
4,X
4,¥
MULT+1
3, X
R, X
MP1

DX

S5R MNEMONMIC ASSEMBLER

¥I/F 4 unpacked BCD digits into "BCDINY
¥Thumbwheel switch entry completed by push-button.
¥0r enter at BCZ2 to fetch entry anvtime.

L

INRCD LDA

ECE STA
LDA
CoM
AND
8TA
IMX
SUR
CMpE
BNE

I mm

mm

RTS .

X

¥Convert 4

¥to binary

X

CVvoDTR CLR
CLER
LDX
STX
LDX

CVRINL TST
BEQR
DEC
5TX
LDX

un—packed BCD
acc.s B-A

in

Al
=

#ERO
PANEL
FANEL

HEF
O, X

#H10
HET70
BCS

#TENFUWF
XTEMF
#HEBCDIMN
Qg%
CVEINZ
Q. X
SFTEMF
XTEMF

ADD A 1. X

- 85 -

Select digit 3 {(digits O —~ 3)
Het RCD.

Was -ve logic

Mask off 4 lsb'™s

Into buffer.

Select next highest digit.
Finished?

digits
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C8RO
c8p2
C8r4
CBRb
car7
C8re
8RR
ceRC
C8ED
ceco
cacz
cet4
caecs
cecs
caece

€8Dnl
cgn4a
£8D7
caDpe
caenc
£8DE
CBE1
CBEZ
CBES
C8BES
CBES
C8E?
C8EC
CBEE
c8ri
CBFX
C8FS
C8r7

CoF8
CBFY
CBFA
CBFE

Ccarl =

C8FD
C8FE
CRO0

Ce0o1’

Co02
Co0s
CRob
CoO7
ceod
Coue
CROR
C20D
Ce10
CP13
cels

ER

DE

20
08
DF
DE
a8
08
8Cc
27
DF
DE
20
39

Q3

CE
7F
84&
R7
g8&
EB7
Cé&
Ab
08
a4
1R
B7
84
BR7
co
C1

ey
o<

ot

48
59
a8

59

37
8&
b
R
ED

-

ot

-l

=1
31

=
o

DF
74
74
PO
D2

Qo
Fé&
EE

Fé&
F4

8Dt
O
4
Fé&
De

ES

OB
8022
FF
BO20
04
8022
70
[8]8]

OF

gO20
FF
8020
10
FQ
EC

i
o

=R

RE
Fa
QOF 4
QOFS
FS

Fa

330

1331
et e
Ay

e,
RIS ]

1334
I35
13356
1337
13ZE8:
1339
1340%
1341
1342
1343
13443
1345:
1344:
1347
1348
1349
13250
1381
13532
253
1354
1355
1386
1357
1358
1359
13&0¢
1361
1362
1363
13&4:
1345:
13486
12867
13468:
1349
1370:
1371
1372:
1373

WARS -

1374:
1375
1374
1377
1379:
1379

ADC
LDX
BRA
CVRIMZ IMX
85TX
LDX
INX
INX
CFX
RER
857X
LDX
ERA
CVBRIMNI RTS
TENFWR FDE
*
¥Display 8
X
LCD - L.DX
CLR
DA
STA
LDA
STA
LDA
L.C1 LDA
INX
“AND
ARA
STA
DA
8TA
SUR
CHMF
BME
RTS
*

B8R MNEMONIC ASSEMERLER

B O, X
SFTEMF
CVEINI

SFTEMF
XTEMF

HTENFWR+B
CVRIMZ
XTEMP
SFTEMF
CVERINI

1000,100,10,1
unpacked BCD on front panel.

#EBCDIN
PANEL+2
HEFF
FANEL
#4
FANEL +2
HE70
Qg X

B R > e R

o

HEF

FANEL
HEFF
FANEL
#%10
HEFO
LC1

moD DI

¥Convert metres to mS.

¥Result in
X

CVRTMS ASL

» ROL.

ASL

ROL

F3SH

FSH

LD&

F&H

FSH

JSR

FUL

UL

ING

ING

LDX

8TX

LaR

ROR

SUE

SRC

¥ reg. FHASE in acc A

#4655

LD DDTD

MPY2X2

T

DATBIZ
XTEMF
XTEMF
XTEMF+1
XTEMF+1
KTEMF
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FESTSZ

cel7
Cei9
CR1A
Co1ig
C?1iE
cezl
CP23
Co25
Ce27
Co2e
C?2R
C9ZDh
CozF
LRIl
CRI3

C2:4
Co3g
CP%b4
Co37
2938
Coze
Celr
CR:iC
CI3E
40
ceaz
ce44
Ce44

ce47
Co4A

C24D
Co4F
C951
Coa2
Cos4
P36
CoE7
C959
Cos5H
co30
CooF
Cos61
CRe3
CP&b6

gt
CPsER
CR&E
Co70
ceva
Ce74

26
aF
SF
7F
7C
80
c2
24
8E
Co
97
D7
DE
94
=9

14
54
o4
54
54
20
14
c4
CH
C1
CE
9

BD
KD

?b
gr
12

=121
19

b
81
25
81

s
o

7D

27
ED
CE

80
E7
8D

02

OODe
oOnY
Do
07
F7
Do
Q7
FaS
F4
F4q
ne

o1

OF
IO

39

T 02

37

236

C2a3

CRAZ
QOE9
ES
c2
G0
C5

1380;
1381
1782:

1"?!' Thw

Y s PRS-

1784
13285:
1384:
1787
13288:
1389:
1390
1391
1392:
1393:
1394,
1395:
1394:
1397
1798:
13299
1400
1401
1402
14073:
1404
1405
1406
1407
1408
1409
1410s
1411:
1412:
14173:
1414
1415:
1416
1417
1418:
1419z
14200
1421«
1422:
1423
1424
1425
142&:
1427
14283
142%9:
1430
1431
1432:
14773
1434
1435
147%4:
1437
1478¢
1439:

BFL.
CLR
CLR
CLR
INCG
SuUs
SEC
BCC
ADD
ADC
8TA
8TA
LDX
LDA
RTS

CVR1
CVYRZ

X

¥Sub .
kS

GETLFT TAR
LSk
LSR
SR
LSR
BRA
TAR
AND
ADD
CMF
BLS
ADD
RTS

GETRGT
GETR1

GETR2
*

¥Get depth
¥Retwn if

CVR1

o Iz

ETEMF
BTEMF
#SDO
#7
CVRZ
#5DO
#7
XTEMP+1
XTEMF
XTEMF
BRTEMF

>

> wmpoD

oo

GETR1

#EF
H 0
#°9
BETRZ
B #77

L3 is s o

SSE MMNEMONIC ASSEMBLER

to unpacked time digits.

from front panel
depth entry not changed.
TWOMIN and ERRs

¥Decide whether to send time to Mufax.

¥Also call

X

INDFTH JSR TWOMIN
JSR ERRS
LDA A MINS+1

INDO ADD A #$94
DAA
BFL INDO
ADD A #6
DAA
ENE IND1
LDA A SECS+1
CHMF A #$20
RCS IND1
CHMP A #$26
BCC IND1
TST DISFDN
RER IMD1

¥Get ready for Mufax
JS8R MFINIT
LDX #MUFDSPF
.Da A HRS+1
BSR GETLFT
8TA B 0,X
BSR GETRGT
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Test MINS divisihle hy &

time display.

Initialise mufax display
Transfer to display buffer

Hours



PERTR2

Ce74
ce78
Ce7a
ce7c
CF7E
Ce80
Ccoga
cog4
Co8s
ceg8
Co8A
Cce8C
CoP8E
L0
Cee2
Ce94
Co9s
C998
£994
£99C
Co9E
CPAL
cend
A7
CoR%
CPAC
CPAE
C9R1
CoR4
CoR7
core
CPER
C?RBD
CIEBF
ceC1
CoCx
CoCs
gcecs
CeCA
ceCh

CeCD
CeCF
Coo1
con2
CoDX
Cons
Cen7
CeD8
cene
CeDA
CeDR
CIDD
CPDF
Ceel
CPE4
CPES
CoE8
CREA
Co:C

E7
Cé
E7
P4
aD
E7
8D
E7
€&
E7
P&
8D
E?7
P46
8b
E7
8b
E7
Cs
E7
7F
CE
7F
84
R7
8&4
B7
BD
BD
D7
7
DE
@C
27
DF
ED
7
DF
DF
e

D&
Féb
48
59
PR
Dw
54
44
=4
44
D7
?7
DE
RD
DE
DF
DE
DF
ERD

a1l
A
a2
E7
B4
03X
Bz
04
20
Q5
E2
AD
Q&
EX
A0
07
A
[e}=]
oD
09
Q067
o084
|OZ2
FO
8020
04
8022
cess
caea
Fa
F5
F4
84
OR
84
CarFg
cC
Br7
BA

CA
CH

Cr
ca

Fa
FS
Fa
Ci3A
DE
84
DD
88
capnt

1440z
1441 ;
1442:
1447
1444 ;
1445,
144646:
14472
1448;
1449
1450
1451
1452
14573,
1454
1455,
1454
1457
1458:
14593
14&0s
1441
1452
1447%:
14&4;
14465:
1444
1447
14468:
14469
1470
1471«
1472s
14773
1474 ;
1475
147 &
1477«
1478:
1479;
14803
1481 :
1482:
1487
1484
1485;:
1484
1487
14883;
1489:
14%0s
1491 :
1492
1497%:
1494:
1495
14946
1497
1498
1439

S5 MMEMONIC ASSEMBLER

Minutes

Day number

Signal start of display

Get BED from front panel.
Convert to binary.

Same as before?

Go and display depth.
New changed depth entry.
Convert to mS.

¥Display present depth and send to remote K/R

STA B 1,X
LDA E #°:
STA B 2,X
LD A MINS+1
BSR  GETLFT
STA B 3.X
ESR  GETRGT
STA B 4,X
LDA B #$20
STA B S5,X
LDA A DAYS
ESR  BETRGT
STA B &, X
LDA & DAYS+1
BSR  BETLFT
5TA B 7,X
BSR  BETRGT
STA E 8,X
LDA E #$D
STA B 9,X
CLR  DISFDN
INDI  LDX  #EBCDIN
CLR  PANEL+Z
LDA A #$FO
STA A PANEL
LDA A #4
5TA A PANEL+2
JSR  INECD
JSR  CVDTE
STA B XTEMP
STA A XTEMF+1
LDX  XTEMF
CPX  LSTENT
BED  IND3J
STX  LSTENT
IND2 JSR  CVRTMS
STA A FHASE
8TX  AVDFTH
STX  DELAY
INDZ  RTS
DISF1 LDA B NWDFTH
LDA A NWDPTH+1
ASL A
ROL E
ADD A NWDFTH+1
ADC E NWDFTH
LSR E
ROR A
LSR E
ROR A
STA B XTEMF
8TA A XTEMP+1
LDX  XTEMF
JSR  CVETD
LLDX  DIGITS+1
STYX  BCDIM
LDX  DIBITS+3
STX  EBCDIN+Z
JSR LCD
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Times 2

i

Times

Divide by 4
Nett reswult times 374
This is mow depth in metres.

Convert to decimal. )
Transfer +to display buffer.

Display it.



FEST8Z SSE MNEMOMIC ASSEMEBLER

CYEF ERD CCE7 1300: JER SEND Send it to ramote /R
CeF2 39 1501 RTS8
1502: %

1503: *FILTER 2 sec. depths centred on even min.

1504 %
COFZ DE B2 1505: DRFFILT LDX DFSTCK
C9FS DF 7F 1504 _ ST¥X FNTRZ2
CoF7 CE CFCO 1507: LLDX #COEFFS
CYFA DF 7D 1508: STX FNTR1
COFC 7F 0081 1509: CLR DIRFLG
COFF 7F Q078 1510: . CLR FILTOPR
Caoz 7F Q079 1311: CLR FILTOF+1
CAOS 7F 007A 1512 CLR FILTOF+2
CAQs 7F QO7R 1513: CLR FILTOFR+3
CAOR 7F QO7C 1514: CR1 CLR SIGN
CAQE A& 01 1515;: LA A 1,X
CALD E& OO 1514 LDA B 0O,X
CAlZ 264 Q9 1317 BFL CRZ
CAlgd 4D 1518: TST A
Cals 26 0l 1519 BNE CRé&
CAL17 Sh 1520: DEC R
Calg 40 1521: CRé NEG A
CAl? 3= 1522 CoOM B
CALlA 73 0070 1523: ’ comM SIGN
CAlD 34 1524: CR2 FSH A —
CAlE 37 1528; FSH R
CALF 7D 0081 1526: TST DIRFL.G
CARR2 26 0OE 1527 BNE CRR1
Ca24 08 1528: INX
CARE 08 1529 INX
Cazéd DF 7D 1530: 8TX FNTR1L
CAZ8 8C CFFE 137%1: CFX #2%31+COEFFS
CAZR 26 09 1532 BNE CRR2
CAZD 7C Q081 1537: INC DIRFLG
CAZD 20 04 1534 BRA CRR2
CAZZ2 09 1535: CRR1 DEX
CAZE a9 1534 DEX
CAZ4 DF 7D 1537 STX FNTR1
CAZ6 DE 7F 15238: CRR2 LDX PNTR2
CAZ8 hé4 01 1539 LDA A 1,X
CAZA ESH QO 1540 LDA B O,X
CAZC 2A 09 1541 BFL CR3
CAZE 4D 1542 TST A
CAZF 26 01 15473: BNE CR7
ChA4l Sh 1544 DEC R
Cad4z2 a0 1545: CR7 NEG A
CA4Z 53 1546 CoOM &
CAd44 73 QO7C 1547 COoM SIGN
CA47 & 1548: CRZ FSH A
Caq8 37 1549 FGH B
CA4? ED CBID 1550 JSR MRY2X2
Ca4qc 30 1551 TSX
CA4D =1 1552 INS
CA4E 31 15573, ING
CAgqF =1 1554 INS
Caso Il 1555, ING
CASL 7D 0070 155h: TST SIGN
CAS4 26 1A 18572 BFL. CR4
CASSL 26 7R 1558: LA A FILTOP+X
CAS8 D& 7A 1359 LDA B FILTOFP+2
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CAZA AQ OZ 15&0: SUER A I, X
CASC E2 o2 15461 SRC B 24X
CASE 27 7H 15642: STaA A FILTOR+3
CA&D D7 74 15&63: STA B FILTOR+Z
CA&SZ 26 79 15484 LbAa A FILTOP+1
CA&L4 D& 78 1563: LDA B FILTOR
Chsd AZ 01 1566: SRC A 1,X
CA&B EZ QO 15&67: SBC B O, X
CabA ?7 79 13468: STA A FILTOFR+1
CAsC D7 78 1549: 8TA B FILTOF
CALE 20 18 15703 BRA CRE
CA70 94 7R 1571: CR4 LDA A FILTOP+ZI
CA7Z D& 7A 1572: LDA B FILTOR+Z2
CA74 AR OF 18573: ADD A I X
CA7H E9 OZ 1574 ADC B 2,X
CA7R 97 7R 15735 STA A FILTORP+Z
CA7A D7 7A 1576: STA B FILTOP+2
CA7C 26 79 1577: LDA A FILTOF+1
CATE D& 78 1578z LDA B FILTOF
CABO AR 01 1579 ADC A 1,X
CABZ EY QO 1580; ADC B O,X
CAB4 97 79 1581: 8TA A FILTOP+1
ChR86 D7 78 1582: STA B FILTOF
CABR DE 7F 1383: CRS LDX FNTRZ
CARA 08 1584: INX
CABR 08 15835: INX
CABC DF 7F 1586 STX PNTR2
CABE BC 1080 1587: CrPX #4XZ1+DFETRT+4
CA91 26 03F 1588: BNE CRRE
CARI CE 1000 1389: LDX #DFSTRT
CA%S DF 7F 1590: 8TX FNTRZ
CaA98 DE 7D 15391: CRRE LDX FNTR1
CA%A BC CFBE 1392: CRX #COEFFB-2
CARD 27 O 15932: BRER CRR4
CAYF 7E CAOR 15%94: JMF CR1
Canz 39 15393: CRR4 RTS

153%96: X

1597: ¥Filter over +&%— 1 Min. depths on the 2 Min. mark
1598: %Store them in a rolling stack
1599: *Transfer any unsent depths to the ship’s 10@9“—’"’-

1600 %
CAAZ BD C9F3 1&601: STORDF JER DFFILT i
CAASL DE 78 | 1602: . L.DX FILTOR
CAAB 7D 00748 1603: TST FILTORP+2
CAAR 2A 01 16041 BFL. 8T1
CAAD 08 1605 INX
CARE DF F4 14062 8T1 8TX KTEMF
CARO 94 FS 16073 LDA A XTEMP+1
CARZ D& F4 1608: LDA B XTEMF
Car4 48 1609: ASL A
CARS 39 16100 ROL H
CABS 9B FB 1611: ADD A XTEMF+1
CARB DY F4 1612 ADC B XTEMF
CARA 54 1613: L8R B
CARR 48 1614; ROR A
CARC 54 1615 LR R
CARD 464 14614;: ROR A
CARE D7 F4 1617: STA R XTEMF
CACO 97 FS 1618: 8TA A XTEMF+1
CAC2 DE F4 1&19: LIX ATEMF
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CAaC4 BD CLZ3A 1620 JSR CVRTD
CAC7 DE 74 186821 LDX OFTHFL
CAC? 96 DR 1522 LDA A DIGITS+1
CACE D& DC 1462Z33 LA B DIGITS+2
CACD C4 OF 156524 AND B #HS0OF
CACF 48 1625 ABL A
CADO 48 16246 ) ASL A
CAD1 48 1627: ASL A
CADZ 48 14628: ABL A
Can= 1E 14629 ARA
CAD4 A7 Q0 1630: STA A O, X%
CADS 94 DD 1631 LDA A DIGITH+Z
CADB D& DE 1632 LDA B DIGITS+4
CADA C4 oOF 14633 AMD B HSOF
CADC 48 16354 ASL A
CADD 48 1435: ASIL A
CADE 48 16346: ASL A
CADF 48 1637 ABL A
CAEQ LR 14638: ARA .
CAELl A7 o1 1679 8TA A 1,X
CAEZ 25 EO 15640: LDA A YEARS
CAES A7 02 1441 : 8TA A 2,X
CRE7 94 E1L 14642: LDA A YEARS+1
CAE? A7 OF 1647 STA A 3,%
CAER 94 ER 1644: I.DA A DAYS
CAED A7 04 14645: STA A 4,X
CAEF & E3 1646: I_LDA A DAYS+1
CAF1 A7 03 14647 STA A F,4
CAFZ 94 ES 14648: LDA A HRS+1
CAFS A7 06 1649 STA A &, X
CAF7 9& E7 1&650: " LDA A MING+1
CAF? 44 1451: LER A
CAFA 0D 14652 SEC
CAFE 49 1653 ROL &
CAFC A7 07 1654 STA A 7,X
CAFE B& 08 1655 LDA A #8
CROO BD C3DE 14&54: JSR ADDA
CROZ 8C 4000 1&37: CRX HDFTMST+$2000
CROA 26 O3 1658 EBNE 8T2
CROB CE 2000 1459: LDX HDFTHMST
CrOB DF 74 1660 ST2 8TX DFTMF1
1461 X
14662: *Get ready to send denth to Mufax.
1663 X :
CROD 7D 0067 1&464: TST DISFDN
Crlo 27 23 1665 REQ SRCHDPF
CE12 BD CBAZ l&béb: JER MFINIT
CR1S CE QQ3% 1&67: DX #MUFDSF
CE18 8& 20 1448: LDA A #$20
CER1A A7 OG 146469: STA A 0,X
CRiC A7 01 1&4&70;: STa A 1,X
CR1E 94 DR 1671 LDA A DIGITS+1
CR2O0 A7 02 1672 STa A 2, X
CRZ2 94 DC 1673 LDA A DIGITS+2
CERZ24 47 0= 1474 STA A 3, X
CR26 %46 DD 1475: LDA A DIBITS+3
CER28 A7 04 16876 8Ta A 4,X
CE24 %4 DE 16772 LEA A DIGITS+4
CR2C A7 05 14678: STA A 3.X
- CR2ZE 84 0D VA7 LD& A #ED
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CEZ0 A7 O& 14801 STA A &, X
CRIZ 7F Q047 1481: CLR  DISFDN
16821 X

1483: *8earch list of depths and times for any not
1684: ¥yet sent to ship’s logger.

16852 %
CR3S DE 74 1686: SRCHDF LDX DFTMF1
CE37 846 0T 1487: LDA A #F
Cr39 97 71 1488: 8TA A SRCHCT
CRIR DF 74 14689: T3 8TX DFTMF2
CRID A6 05 1690: LDA A 5,X
CRZF 27 1D 1491 BER 873
CR41 AL 07 1692: LDA A 7.X
CE4Z 85 0i 1693 RIT A #1
CRr4s 27 17 1694: BER® 8T3
CE47 84 FE 1495 AND A #H$FE Clear LSE +for TX.
CE49? A7 Q7 1696 STA A 7, X
Cr4E B8D 25 1497: ESR XMIT
CR4AD 25 06 1678: ECS ST4
CR4F 746 Q071 1499: DEC SRCHCT
CE32 26 OA 1700¢ BME STE
CRE4 39 1701 RTS .
CRZS DE 76 1702: 8T4 LDX DFTMF2
Cr37 A& 07 1703 LDA A 7%
CRE? 8A 01 — 1704 ORA A #1
CR3R &7 07 1705 8TA A 7.X
CE3D Z9 170&: RTS
CRSE DE 74 1707: STT LDX DFTMFR2Z
CR&4O 84 08 1708: LDA A #8
CRAZ BD CTIDR 1709: JSK ADDA
CR&T 8C 4000 1710: - CPX HDFTMST+E2000
Crs8 286 03 1711z BNE 8T&
CR&A CE 2000 1712: LDX #DFTMST
CR&D 9C 74 1713: 8Té4 CrX DFTHMF1
CR&F 24 CA 1714: ENE 8TS
Cr71 39 1715 RTS

1716: X

17172 %

1718: ¥Try to send depth and time to ship’s lagger.

1719: %
CR7Z2 RB& EOOZR 1720: XMIT LDA A ACIAS
Ce7% 8% 08 1721: RIT A #%00Q01000
Cr77 27 02 1722: RE® XMl
CR792 OD 1723 SEC
CE7a 29 17243 RTS
CE7E 8& 43 172%: XMl LDA A #7E
CEB7D EBD COA4 17246 JER DUTCH
Ce30 BD F17C 1727: JSR H$F17C
CEBZ BD F1I70 1728: JSR ¢ %F1L70C
CeR6 BD F17C 1729: JBR $F17C
CEB? BD FL17E 1730: JBR SF17E
CEBC BD FL17E 1731: JSR HF17E
CE8F 8& 0D 17352: LDA A #$0D
CE?1 BD F108 1733: J8R $F108
CE?4 84 0OA 1734 LDA& A #B0A
CE®4 BD F108 1735: JER SF1GS
CE99 BD COR1l 173463 JGR GET
CE9C 4D 1737 T8T A
CRID 246 02 1738: BMNE XM2
CBIF 0D 1739 SEC

- 92 -



FESTB2 56k MNEMOMIC ASSEMELER

CRAC 39 1740 RTS
CrAl OC 1741: XM2 cLC
CBAZ I9 1742 RTS

1747 % :

17442 %Init Mufax display routine RASTAS

1745: %
0Oz 1746 KLINES EQU =
Qo0 1747: KEWIDTH EQU 2

17483: %
CERAZ CE CF40 174%9: MFINIT LDX HPFATRNSG
CRA&LH DF &A 17502 87X ROWFT
CRAB CE 0059 1751: LDX HMUFDSF
CHAR DF &8 1752 8TX CHARPT
CBAD 8& 8O 173%: LDA A #$80
CEAF 97 &D 1754 3TA A DOTS
CERR1 8& 02 1755 LDA A HKLINES
CEBRE ?7 &E 1754A: STA A LINES
CEEZ 86 02 1757 LDA A #HMWIDTH
CER7 97 &F . 1738: STA A& WIDTH
CERRY 7F 0O0bé6 1759: CLR DSFRET
CRRC %46 BR 1740 LDA A DELAY+1
CEBE D& EA 1761: LDA B DELAY
CrCO DE RE 17462 LDX DATSIZ
CRC2 DF F4 17863 7 8TX XTEMF
CRC4 74 OOF4 174&4: LS8R XTEMF
CRC7 7& QOQF3 17565: ROR XTEMF+1
CRCA 2B F3 176646: ADD A XTEMP+1
CRCC D2 F4 17&7: ADC B XTEMF
CRCE C1 07 174&8: CMFP B #7
CEDO 22 06 174%: EBHI MFO
CEDZ 25 08 1770z BCS MFF1
CrD4 81 DO 1771: CMF A #$DO
CED& 23 04 1772: BLS MFF1
CErD8 8O DO 1773 MFO SUER A #$DO
CrDA C2 O7 1774: SEC B #7
CeDC C1 04 177%: MFF1 CMF B #4
CEDE 25 O 17764 RCS MF1
CREO 73 Q0&& 1777 com DSEFRST
CREZ 29 1778z MF1 RTS

1779: %

1780: XPROCESS gated signal.
1781: ¥Compilation of various processing routines.

1782: X
CeRE4 BD CSC1 1783: FPROCSS JSR EDGE
CBE7 EBD C&77 17384: JSR FEAK
CREA @6 91 1785: LDA & MNRETHT
CRELD 2?1 9A 1786&: CHMP A FREVAL
CREE 24 Qb4 1787: RCC FR1
CEFO 94 .9C 1788; LDA A PHFOSN+1
CEF2 D& 9R 1789: LDA B FEFOSN
CeF4 20 Q4 1790: ERA FRZ
CBF& 26 93 1791: FR1 LDA A MRETPS+1
CRFB D& 92 1792 LDA B NRSTFS
CRFA 97 CR 1793 FRZ STA A MWDFTH+1
CRFC D7 CA 1794: STA B NWDPTH
CBFE BD C731 1795: JER SHFTGET
CCOl BD C7B& 17%94: JBR FILT
CCo4 27 ER 17972 T BTA A DELAY+L
CCos DY EBA 1798: STA B DELAY
CCOo8 BD C592 179%9: JER ADJUST
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FESTBZ

CCok

CCoE
CC11
CC1i=
CCis
cci7
ccie
CCir
CC1D
CCiF
cez1
CC2X
CCR2E
Cez

Ceze
CCZRr
CC2D
CCarF
T CC=1
CC3EZ
CC3é
CC3%
CCEA
CCIE
CC3D
CC2E
CCaF
CC41
CC4=
CCcas6
ccas
CC4A
ccac
CC4E
cczo
CCE2
CC33
CCSS
CCss6
cesz
CC3A
CCar
Ccsl
CCED
CCSF
CC&O
CCo1

coez
CCa4
CLoé
cres
CCoA
CCac
CCOE

7E

7D

ol
al s

C&é
84
28]

>
e

0
R
De
DE
DF
R
D9

-y
7

D7
DE
7F
7F
4F
SF
AG
08
5C
oK

D
e

7C
F7
oL
27
C1

e
£

-
346
Fs
36
37
ED
=1

-
32

31
?1
39
oD

DE
Ab
81

27

g1

268

=10}

CeCD

02
4D
a7
DO
BE
BA
BF
BE
IF
EF
EE
9D
Fa
F5
F4
Fs
F4
F4

0Ga3

DOA/YL
D0

A4
03
Q0AZ
A4
9F
04

&8
O
[330]
41
20
02

EF

1800
1801
1802
18075
1804
1805
1804
1807:
1808:
1809
1810:
1811
1812:
1817%:
1814
1815:
1816
1817:
1818:
1819:
1820
1821:
1822:
1823:
1824:
1825:
1826
1827
1828
1829
1830:
1831
1832
1833:
1834
1835:
1834
1877
1838:
183%:
1840¢
1841
1842;
18473
1844,
1845:
1846
1847
1848:
1849:
1830
1851
1852:
185973,
1854
1855,
1854
1857
1838:
1859

JHP
X

SSR MMEMONMIC

DISF1

¥Tegt for TX when gating on.

*
GATEST TST
BER
LD&
LDA
SUR
SRC
SUR
SRC
BFL
ADD
ADC
LDX
8STX
ADD
ADC
8TA
8STA
LDX
CLR
CLR
CLR
CLR
6T1 LDA
INX
IMC
ADD
BCC
INC
GTZ2 8TA
CFPX
BER
CMF
RCS
GT= LDA
FSH
L.DA
FSH
F8H
JSR
INS
FUL
INS
CHMF
RTS
T8 SEC
RTS
X

GATNFG
GTS

#7

#$DO
DELAY+1
DEL.AY
DATSIZ+1
DATSIZ
GT8
DATSIZ+1
DATSIZ
FIRSTX
XTEMP
XTEMP+1
XTEMF
XTEMF+1
XTEMF
XTEMF
SUME
SUME+1

Ll > s i D mnIm» Do

Do D

O, X

A SUME+1
G6T2
SUME

A SUMK+1
LASTX
GT=

B #20
GTi
SUMK+1

A
A
A SUMK
A
E

DIVDEL

A THRHLD

¥Raster display subroutine.

X

RASTAS LDX
LDA
CHF
RER
CMP
BNE
LDA

CHARFT

A 0,X

A #$D
RAS4

A #$20
RAGO

A HEIF
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CC70 80 30 18560 RASG SUER A #°0

CC72 84 oF 18461z AND A H$F
CC74 DE 6A 18862 L.DX ROWFT
CC7& EBD C3DER 18673 JER ADDA
CC79 AS QO 18&4: LDA A O, X
CC7B 94 &D 18683: AND A DOTS
CC7D 27 OR 18&6: BRER RAS1
CC7F 9464 RC 1847 LDA A FLAGS
cCcel 84 EF 1848:; AND A #$EF
CCR3 H7 800B 18469: STA A DAC
cras 97 RC 1870; 8TA A FLAGS
coceg 20 ow 1871 BRA RAS2
CCBAa 94 ERC 1872: RASL LDA A FLAGS
ceec g8A 1o 1873 ORA A #%$10
CCBE RB7 Boo8 1874 8TA A DAC
CCRl 97 BC 1873: S5TA A FLAGS
CCR3 748 00&F 1874: RASZ DEC WIDTH
CCo4 26 12 1877: BNE RAS3
CCcer 856 02 1878: LDA A #KWIDTH
CC%a 97 &F 1879 STA A WIDTH
CCoC 74 00&D 1880: LGSR noTs
CCoF 246 09 1881 ENE RASTE
CCAl 84 80 1882: LDA A #$80
CCAZ 97 &D 1883: STA A DOTS
CCAS DE &8 1884: L.DX CHARFT
CCA7 08 1885: INX
CCA8 DF 68 188&4: STX CHARFT
CCAA 39 1887: RASTE RTS
CCAR 7F Q06C 1888: RAS4 CLR DISFMD
CCAE Cé& 04 1889: LDA B #4
CCRO F7 80048 1890: STA B ADC+2
CCE® 7D 8004 18%1: TST anc
CCRS D& RO 1892: L.DA B FLAGS
CCrg C4 17 1893 AND B #%410111
CCrA D7 BC 1894: STA B FLAGS
CCEC 7A Q0&E 1895: DEC LINES
CCRF 26 OE 18946: ENE RASS
CCct gs 02 1897« LDA A& #KLINES
CCC3 97 &E 1898: STA A LINES
CCCS 94 &R 1899: LDA A ROWFPT+1
CCC7 8RR 10 1900 ADD A #$10
CCC? 97 AR 1901 STA A& ROWFPT+1
CCCE 81 Co 1902: CMF & #$CO
CCCD 27 QA 1903 BREG RAS&
CCCF CE Q039 19042 RASSH LDX HMUFDSF
CCD2 DF 48 190%: 5TX CHARFPT
CCDh4 8& QO 1904; LDA A #%$80
CCD& 97 6D 1907 STA A DOTS
ccbg 39 1908 RTS
CCD9? 94 BC 1209 RASS LLDA A& FLAGS
CCDR 8a 08 1910 ORA A #U1000
CCDhD 97 EC 1911 STA A FLABGS
CCDF Rr7 QO0B 1912: STA A DAC
CCEZ 8& FF 1913: LDA A #SFF
CCE4 97 &7 1914: 8TA A DISFDN
CCE4S 39 1915; RTG

1914 X

1917: ¥Send depth and seconds to remote H/R
1218: ¥then accept new depth or time entry
1919: %
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CCE7 BS EQOR 1920: SENMD LDA A ACIAS

CCEA 8% o 1921 BRIT A HALOOQOL1000

CCEC 27 0D 1922 RER SN2

CCEE 7D Q0SB 1923: 8Nl TST ER&GCNT

CCF1 26 04 1924 ENE SN10

CCFZ B84 0& 1925 LDA A #&6

CCFS 97 D= 1926: 8TA A ERRORS+S

CCF7 70 0058 1927: SN1O INC ER&CNT

CCFA 39 1923: RTS

CCFe Q&6 S3 1929 SN2 LDA A #°8

CCFD BRD COA4 1930: JSR QuUTCH

CDOn CE OODER 1931: LDX #DIGITS+1

CDOS AL QO 1932: SNZE LDA A O,X

ChOS BD COA4 1933: JSR DUTCH

cpos o8 1934: INX

CDO9 8C QODF 1935: CFX #DIGITS+S

CDhoC 26 FS 19736 ENE SNZ

CDOE 86& FF 1937 LDA A #°7

CDiO BD COA4 1938: JSK QUTCH

CDIE BD COA4 1939: JSR QUTCH

Chi&s CE QOER 1940 LDX HBECS+1

CDi9? ED F17E 1941: IBR $F17E

CDIC CE CZ4D 1942: LDX #MESS2+10

CDIF BD C1C0O 1943: JSR TYFES

CD22 BRD COR1 1944: JSR GET

CD2T 4D 19245; TST A

CDR& 27 €& 19446: REQ SN1

CDh28 81 D 1947: CMF A #%D

CDZA 26 Q1 19483: EBNE SN4

cp2c 39 1949 RTS

CD2D g1 44 1950: SN4 CMF A& #°D

CD2F 26 26 1951 BNE 8hé
195%2: ¥Remote depth entry

CDI1 CE Q0Bé& 1953: LDX #BCDIN

CD3E4 BD CORL 1934: SNS JBR GET

CD37 4D 1955, ST A

CD3Ig 27 &b 1956 BEG SN?

CD=ZA 84 OF 1957 AND A #$F

CD3IC A7 QO 1958: STA A O, X

CDIE 08 1959 IMX

CD3IF 8C QUBA 19402 CFPX #BCDIN+4

Ch42 246 FO 19461 ENE SNT

CD44 RBD CORL 1942: JSR GET

CDh47 81 0D 1963 CMF A #%D

CD4a9 26 S5 1964 ENE SN

CD4EB EBD CBPA 1945: JSBR CVDTR

CD4E D7 F4 1P46b: STA B XTEMF

CD30 97 FI 19467 8TA A XTEMP+1

CDS2 DE F4 19468: LDX XTEMP

CDS4 7E COCT 1969: JMP INDZ
1970: ¥Remote time entry

CDS7 CE 00B& 1971: BN& L.DX #EBCDIN

CD=A BD COR1 1972: SN7 JSR GET

CDED 4D 1973 TST A

CDSE 27 40 1974 REQ SNe

Ch&d 84 OF 1975 AMD 4O #%F

Chb&Z2 A7 Qo 197462 STA A O,X

CD&4 08 19772 IMX

CD&AT 9C 008A 1978: CFX HRCDIN+4

CD&B 246 FO 197%: BNE SN7
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CD&A
Coal
CD&D
CD&E
CD&F
CD70
Cp72
CD74
CD74
CDp77
coL78
CD79
cn7a
co7C
CD7E
CDhB1
cDa4a
coas
cong7
cpae
CDh8E
copaec
CD8F
iga iy |
CDox
cooes
CDe7
CDes
Cooe
Choa
CDo?R
CDeD
ChoF
CpAO
CDAZ

CDA4 =

CDAas
CDAR
CDAR
CDAE
CDEi
CDRE
CDR4
CDE7
CDE?
CDRA
CDED
CDEF
CDCc2
CbCca
CDCS
coce
CDCA
conecc

P4
43
48
48
48
PH
7
F&
48
48
48
48
@A
97
CE
ED
4D

-
L.

84
R7
o8
8c

96
97
96
48
48
48
48
5A
97
39
86
97

ED
CE
FF
CE
DF
aF
CE
A7
Qg
sC

>
roa

CE
A7
(#1251
ac

e
L

@7
7

84

87
ES
a8

8%
E7
0086
CORl

12
QF
Q0

008A
Fo
87
EZ
88

89
EZ

07
D4

COOO
CIZEF
ADOO
QOZER
BA

2OOO
QO

4000
F8
O0OCE
G0

ooDns
8
&C

65

198G
1981z
1982
19873
1984
1985
1986
1987:
1988:
1989:
1990:
1991
1992z
1993
1994
1995
1994
1997
1998:
1999
2000
2001
2002:
20073
2004 3
2005;
20042
20073
2008:
2009;
2010¢:
2011
2012s
2013;:
2014
2015;
201é&:
2017
20183
20192
2020:
2021
2022
2023
2024
2025:
2024
2027
20281
2029
2OE0:
20RL .

-
2032

2ORT
20754
2035
2036
20E7
2078;:

20359

DA
ABL
ASL.
ASL
ASL
ORA
8TA
LDA
ASL
ABL
ASL
ASL
ORA
STA
LDX
S8 JER
TST
BER
AND
5TA
INX
CFX
BNE
LDA
8TA
LDA
ASL
ASL
ASL
AL
OrRA
8T&
RTS
NS LDA
STA
RTS
X
X

PP D

o

T

> D

g

BCDIN

BCDIN+1
HRS+1
BCDIN+2

BCDIN+X
MINS+]
#EBCDIN
GET

8Ne
HEF
Qg X

#RCDIN+4
SNg
BCDIN+1
DAYS
BCDIN+Z

BCDIN+Z
DAYS+1

#7"
ERRORS+4&

S5 MNEMONIC ASSEMEBLER

ER SIS ES SIS I LIS LSO L EE LSS EE LS &2

X

*MAIN FROGRAM

X
JBR
LDX
8TX
LDX
5TX
CLR
LDX

MNO 5TA
INX
CrX
BRE
LDX

MN1 87TA
INX
CFX
EBNE
8TA
STA

INIT
HINT
IOVECT
#1000
DELAY

#H2000
0y X

#$4000
MNO
HERRORS
0, X

#XT
ML
DISFMD
DISFEN

- 97 -

Initiallise I/0 and CLOCK
Set up I/0 interrupt add.
Set delay to 1 Sec.

DFTMST
DFMTST+$Z000

Clear ERRORS and +lags.
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CDCE 97 C4 2040 5TA A SCALE

copno 97 A8 2041 8TA A FLBTRG

CDDZ 97 CD 2042 85TA 4 SLOFE

CDR4 27 (8 20473 857TA & DDDMIN

CDDé& 97 58 2044 8TA A ER&CNT

Cob&g 84 Q1 2045 LDA A #1 Set flags.

CDDA 97 C7 2044 8TA A HRFLG )

CDoDC 97 C9 2047 : 8TA A EVMMIN

CDDE 97 CC 2048: STA A FHASE

CDEQ 97 &7 2049z STA A DISPDN

CDEZ 8646 13 2030: LDA A #410011 Mask pattern for clock
ChE4 97 EBC 2051 STA A FLAGS and trigger interrupts.
CDES BD C2CE 2052 JSR GETTHM Get time &and date.

CDE% CE 1000 2053: LDX #DFSTRT

CDEC DF 82 20540 8TX DFSTCHE

CDEE CE Z000 2055: LDX #DFTMST

CDF1 DF 74 2056 8TX DFTHMF1

CDF3 DF 76 2057: 87X DFTHMP2

CDFE CE 0080 2058: LDX #4480 No of reverb samples.
CoFg DF 72 2059: 8TX RVESIZ

CDFA CE 0100 20460: LDX #5100 Initial echo gate length.
CDFD DF RE 2081 5TX DATSIZ .

CDFF CE 0080 20&2: LDX #3580 FREDICtion = centre of gate.
CEO2 DF 94 20673 8TX FREDIC °

CEO4 CE SDR& 20464: LDX #E565DRE

CEQ7 DF B3 20865 8TX COEF1

CEQ? CE B3I34 20b6: LDX #SRI34

CEOQOC DF RBS 2067 STX COEF2 Set up FILTer coefficients.
CEQE 7F OQOORZ 20468: CLR GATNFG

CE1l CE 0200 204&9: LDX #MEMEEG

CE14 DF CS 2070 8TX DESTAD

CEl1&6 DF 9D 2071z 8TX FIRSTX

CE18 BD C3CA 2072: JSR ADDX Add DATSIZ

CE1R DF 9F 2073 8TX LASTX

CEL1D DE BRA 20743 LDX DELAY

CELF DF R7 2075 "8TX AVDFTH "Charge up" FlLTer

CE21 7F 00OAD 207 &4: CLR SMDONE

CE24 01 20773 NOF '

CE2S 0OE 2078: CLI We’re off. Interrupts enabled.
CEZ26 BD G247 207%: MN2 JBR INDPTH Waiting for sampling to be done.
CEZ2? 7D 0QOAD 2080: TST SMDONE

CE2C 27 FB 2081: RE® MNZ2

CE2E CE 0200 2082: MNZ LDX HMEMBEG Get ready Ffor next sweep.
CEZ1 DF C5 2087%: 8TX DESTAD

CEZZ 7F O0AD 20843 CLR SMDONE

CEZS RS 8004 2085: LDA A ADC

CEZ® 472 2086 CoM A

CEZA 84 01 2087 AMD A #1

CEZC 97 B2 2088: STA A GATNFG

CEZE BD CCOE 208%9: JSR GATEST

CE41 24 OE 20%90; BCC MND

CE43 BD CEE4 Z091: JSR FROCSS Frocess recent data.
CE46 7D QOCB 2092: TST ODDMIN

CE49 27 0&4 2093 BREQ MNE

CE4R BD CAAT 2094: JESR STORDF

CE4E 7F QQLC8 209%: CLR ODDMIN

CES1 EBD CR47 Z20%96: MNS J5R INDFTH

CES4 7D 00AD 2097: T8T SMDONE

CEGY 27 FB 2098; BRER MNS

CES% 20 D3 2099 BRA MNZ
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NO ERROR(S)

2100 %
2101 X

2102:

SYMEOL TARLE:

ACIAS
ADDX
ADJI4
BCE
CLE1L
COEF1
CR1
CR5
CRRZ
CVBINZ
CVDELC2
CVR2
DATSIZ
DEL
DIG
DISFDN
DoOTS
DFTMF1
nyvi

E4

ER1
ERMESS
ERR4
ERRORS
FILTOF
FRETTX
GATEST
GETR1
GT1
HD1
HEADNG
Ii
INDG

INDEC

INT
Ji3
J1i8
Jai

Jé
FWIDTH
LINES
MESS1
MFF1
MN1
MP1
MUFDSF

MRSTHT-

OFFSET
OUT4HS
DUTHR
F2

FANEL

EQO2
3CA
Carg
cae’7
C429
QORZE
CAOR
cags
CAZs
c8rsoe
ci4r
CelE
OORE
cLEes
OOD7
Q&7
DOAD
0074
C730
CHZY
C24R
C330
391
QOCE
QO78
QOAE
CCOE
CesC
CCER
CiDé
C1DE
cCos1
C24F
184
CIEF
CSO%
CS78
£s8c
C4ce
QOO
QLEE
307
CRDC
cDCe2
ceg4a
QO59
Q091
Q093
COEQ
coce
CO7F
KO20

ADRA
ADJ1
ADIUST
EBCDIN
CLEZ
COEFZ
CR2
CR&
CRRZ
CVEINZ
CVDECT
CVRTMS
DAYS
DE2
DIGITS
DISFEN
DFFILT
DPTMRPZ
E1

ES

ERZ
ERR1
ERRS
ERRS
FIRSBTX
51
GATNFG
GETRZ
6T2
HDz
HRFLEG
Iz
INDI
INDIG
IOVECT
Ji4
J1ie

J3

J8
LABTX
LOOFCT
MESS2
MFINIT
MNZ
MPY1X3
MULLCLLR
MRSTFRE
auT
QuUTC1
ouTe
3
FATRMNG

DETECTED

END

C3El
CS9F
a2
Q04
C433
Q0BRSS
CAlD
chalg
CA?8
cacs
CL3s
cgrFs
QUEZR
C1lERA
O0ODA
QO&T
C9F=
QO76
CSD3
Csla
CZRC
C35E
C3A4
C2A3
0O
COR4g
QOR2
CP446
ccas
cipe
QOC7
COoSRr
ceal
C1AD
ACOO
Cca1ll
Cs7D
C481
o339
QO9F
QURF
CI43
CRAZ
CE26
C7DD
Q79
QOI2
CoDS
Coag
CoE4
cogac
CF40

ADC
ADJZ2
ATEMF
RTEMF
CLEDZ
COEFFS
CR3
CR7
CRR4
CVRTD
CVDTR
DAC
DEL.AY
DEE
DIRFLG
DISFMD
DFSTCK
DFTMST
E2
EDGE
ERZ
ERRZ
ERRS&
EVNMIN
FLABS
G2

GET
GETRGT
GTZ
HEADL
HRHEAD
INERCD
IND2
INDFPTH
JO

J15

J2

J4

J%

LCl
LSTENT
MFO
MINS
MMZE
MPYZX2
MUL.COM
NWDFTH
OUTZH
auTcH
OVFLW
F4

FD1
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8004
C3A&
QORe
QODe
Cca47
CFCO
Caa7
Ch4Z
CaAz
CL134
Caoa
8008
QORA
ci8a
Q031
OO&C
Q082
2000
CSEC
CEC1
C2C5
C3I6E
SAE
olulnty
QORC
coco
CoOEl
Co3R
CCS0
C1F7
cic7
cess
CeC3
o947
C40E
CS1iE
C44R
C48E
CE4D
CBEXS
OO84
CRD3
OOE&
CEZE
(=0
071
OOCA
Ccon7
Coad
QOC2
CO8F
C244

ADDA
ADIZ
AVDETH
CHARFT
CLOCE
CONST
CR4
CRR1
CVEIN1
CVDEC1
CVR1
DATCNT
DESTAD
DG4
DISF1
DIVDEL
DFSTRT
DSFRST
EZ

 EBEND

ER&CNT
ERRZ
ERR7
FILT
FLBTRG
GI
BETLFT
GETTM
678
HEADZ
HRS
INCH
INDZ
INIT
J1

Jié
JZ20

JS
ELINES
LCD
MEMBEG
MF1
MNO
MNS
MFYDRL
MULT
ODDMIN
OUTZ2HS
QUTHL
1

F3

FDZ

CZDR
CSAD
OOR7
Q048
COES
C174A
CA70
CAZZ
CBAa4
c148
C21iR
QOCO
QOCS
Ci8F
C9CDh
c7ow
1000
QQ&b
Coaol
GOAS
0058
c380
IBD
C7RB&
QOA8
CoCs
L34
C2CE
CC&O
C21A
QOE4
Co9ee
C7Cl
OO0
C413
CS1F
cage
C4R<e
QQO2
C8bi
200
CBREZ
CDER?
CES1
CoES
aOFCc
Qo8
CoEZ
CcoCcy
Cco74
Ca71
£24A



FESTEZ

FDE
FHTEMF
Fr4
F8
FMNTRZ2
FREDIC
FROCSS
RASE
RASTAS
RVRECT
SCNDTX
gH1
SIGN
SHMDONE
SNZE
SN7
SRCHCT
STX
STORDF
T

TIM
TRGFL.G
TVZ2
TVG
TYFES
WE3E
XM2
XTEMF

CZ254
QOAT
C&AZ
CeEl
QOT7F
QR4
CEE4
CCAA
CCaz
OO0
GORG
C750
070
OOabD
CDOz=
CDSA
Qo7
CESE
CAART
Ci2A
cacc
QORD
C&59
C438
cico
C796
CRAL
QOF4

FD4
FE1
FES
FEFPRSN
FR1
FRINTC
RASO
RAS4
RESET
SaM
SCTEMF
SH2

Sk

apl
8Ng
ShB
SRCHDF
ST4
SUME
T4
TIMER
TRIG
TV3E
TWOMIN
WEIGHT
WG4
XMIT
YEARS

C294
CaBH
C&eBF
OOPR
CRFS&
CO&F
CC70
CCAR
QO70
CA4DF
QOO0
C7=A
OGaA1
CCEE
CD2D
cogl
CR3S
LRSS
QAT
C137
8040
ca437
CHEE

2386
C76A
C7A8
Ce72
DOED

PEAK
Pl
Fld
FlVAL
PR2
FRINTR
RAS1
RASS
ROWET
SAVX
SECS
SHI
SLOFE
SN10
SNS
SND
ST1
5TS
Ti
TENFWR
TEL
TT1
V4
TXND
WG1
WIDTH
XSTOR
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C&77
CaHI4
CalE
0094
CEBFA
q021
Ccesa
CcCcerF
QLA
0094
QOER
C7465
000D
CCF7
CDhz4
CDAO
CAARE
CE3R
ciog
cece
CigC
CiLo7
C&74
QOBE
c782
QO&F
QOKT

FHASE
Fi=
FE7
FMTR1
FRDAT
FRINTS
RaS2
RASs
RVYESIZ
SCALE
SEND
SHFTGET
Sl
SN2
ShN&
SFTEMP
STZ2
ST
T2
THRHLD
TRG1
TV1
TVS
TXSAMF
WwE2
XMi
XT

GOCE
C&9A
C&eDS
Q7D
CZ25%
col2
CCex
CCcoDe
QOT72
QOOC4
CCE7
C731
C4ED
CCFR
cos7
QOF &
CROR
CEe&D
Cii7
Q70
C44F
CeaS
C&76
OOAR
£c788
CR7ER
aODS
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