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Introduction

This report consis of many separate un—numbered notes and figuwres rather
than a coherent write-up. The index is the best way to locate a given item.
The printing is done so that each section in begins with a coloured divider
page which contains the index for the section. Each "note" in a section starts
on a right—-hand page. Figures and tables occur on either side. There are no
circuit diagrams (except for the C128 printer interface and watchdog circuit).
The critical circuits (i.e. A/D and receiver gain) are an extension of the
original RTW system R interface design, but with 8 channels instead of 1.
Some of the circuits, e.g. Tx control, synch rate selection, Tape drive re
were "tacked” together from existing bare hoards and are simple enough that .a
diagram is of minimal value.

The RX interface design may be put into a separate report in the futuwre.

Jan 4°91:

The system has evolved over the years since the original version of this
report, most changes are connected with the interface computer (CFU#1). This
started as an Apple Il with a cable going to the interface and a loaded
program; then an Apple 1T with an "anto-start® EFROM; then a single board CRU
(7 MHz 6%02) . Each change affected some addresses, viz. port addresses and RAM
addresses (apart from program modifications), which were usually optionally
noted in the original report. Some "errors” still remain intentionally. One is
the CFU#1 program listing — it cannot be listed where it actually resides
($FOOO~FFFF) because I didn®t use an assembler. What is listed is the fpple 11
EFROM, moved to $2000-. Thus the port adresses are as for the Apple, not the
single card CPU, however the RAM and EFROM addesses ¥in% the program are the
same. 1 have corrected all memory maps (I hope) which previouly showed the
"loaded Apple IIY program addresses.

Spme write-ups and figures have been modified to conform to the present
system. Also a section on program conversion to & S—antenna Ry array is added.
Surprisingly few mods were needed.

CM, Mar.29°89
Jan. 4791
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Coherent RTW System

Overview of system

The system contains three computers @ the interface computer ((#1- an
Apple, or single hoard ZMHz 6302 system), the main control computer
(H2—- an Apple), and the numerical analysis computer (#3- a C128).

Camputer#l/CFUH#L (Apple)

The first runs the receiver interface hardware- i.e@. receives
command data from #2, sets the reference oscillator phase (0/180°% )
befare each pulse, sends the present gains to the interface, controls
the clocking of height gates, takes amplitude data from the interface,
does A/D bit on/off checks for the 8 channels, does coherent
integration and averages, accumulates long term running means (LTM7 )
for estimating receiver "zero” or offset (which is nominally +3 volts,
or 128 decimal), calculates bit amplitudes by comparing the coherent
average with the appropriate LTM (1" if above the LTM, "0 if bhelow),
and rolls these bits into an owbtput store. When 8 bits are accumulated
(i.e. 8 coherent averages, which takes 4.26 sec), the data (286 bytes
= Z2 hts ® 4 Rovrs ¢ 2 components % 8 bits) are sent to computer #2
alang with 8 bytes of status information (including bit check status,
error flags etc).

In addition, #1 keeps track of mean sigrnal magnitude ve height, and
relative I and @ amplitudes at a selected height {(to warn of
differential component amplifier gain drift)

After a given number of sends has been completed (i.e. after a
record, approd 4.9 min), #1 sends final parameters (including mean
signal magnitude vs height, LTM s, the selected height, and 1/0 o- Q/1
amplitier gain ratios for each receiver at this height )Y, and waits
for new instructions from $2.

There are 2 modes of operation in #1: local /test and remote. Local

operation is initiated by holding down the "local /test” button while
pushing reset. The system will then run by itself for a preset length
of time (e.g. 4.3 min at 7.3 Hz prf) using preset clock-in parameters,
gaing etc., and at the end will switch back to remote operation. In
Remote operation, all parameters except LTM s are taken from #2
(including the gains for this record, the clock-in parameters the
number of sends to do- i.e. the number of groups of 8 coherent
averages in the record, the number of pulses to integrate over,
whether to do phase flipping with each pulse, etc.).

The LLTM s are preset from the ROM when #1 is reset (manuwally, or on
power-up) usually all $80 (equivalent to +3V). They will take Z0-40
min to settle down to the actual receiver offsets.

A big advantage in doing immediate conversion to bit amplitudes (as
opposed to the present RTW system, which takes the mean out of a 0
second block of data) is that no despiking is necessary. A spike only
causes a problem with the bit in which it ococurred. It would be useful
to use medians (or some other sort of despiking) with each coherent
average, however. At the moment this does not seem to be practical.



Computer#2/CFU#Z (Apple)

This computer contains the datestime clock, the 9-track tape
interface, and communication links to #1 and #3. It sends command data
to #1 at the beginning of the record, receives bit amplitudes from #1,
and does bit correlations. When the record is finished (by a countdown
of the number of sends from #1) takes the final parameters from #1,
finishes the correlation calculation, calculates the best gains for
the next record from the mean signal magnitudes vs ht, displays all
sorts of status messages gleaned from the last #1 info, takes the laat
analysed results from #3%, sends all the correlation data for the
record just completed to #3, dumps the analysed data to tape and
checks the clock for starting the next record.

Mote: If CFUBZ finds that CFUEI is not ready to accept data, the
"lat record counter"” is reset: so that the next data from the C128 is
thrown away (as if the system were just started)

Computer#3(CLE8) :

This sits waiting for correlation data from #2. When it finds #2
ready, it sends the last analysed data store, and takes the
correlation data for the just ended record. Then it sets the "jiffy
timer" to zero, and does PMFCA analysis starting with the lowest
height. Farameters calculated include the 3 cross phase differences at
zero lag (which give mean angle of arrival), the cross correlations at
zaero lag, the noise factor (l.e. the magnituwde of the auto correlation
extrapolated to zero lag), the mean vertical Doppler velocity, and the
normal FMFCA parameters (as on present RTW output). Record length is
864 bytes (as opposed to 392 bytes on RTW data). The jiffy timer is
get to run out just before #2 is ready to send more data. If it runs
out duwring analysis, the rest of the heights are skipped (leaving
zerogs in the analysed data stored.

Communication links

There are 2 two-way communication links: CPU#L <=> CFRU#Z, and CPU#2
<=3 CPRUEL. These each consist of an 8 two-way data lines and 2 one-way
handshake lines (orne going each way). The handshake lines are
programmed to be active on a negative going edge, and are normally
high (5 V). SBince esach computer knows when it should he
sending/receiving there is ne conflict in the data direction for each
ernd. However, it isg possible that both ends of the data "bus® will bhe
in output mode for & short time while the computers reverse direction-—
i.e. two outputs hooked together. This is the arrangement used in the
present RTW system, and has given no trouble— presumably the FIA lines
have a relatively high impedence whether high or low. [If bus buffers
were used, this might not be the casel.

Since CFUH#L is essentially a "blind”® system — i.e. there is no way
it can tell if it is receiving garbage — and since CPUHE is receiving
straight data from CFU#1, which could be any bytes, it is necessary to
supply & method by which each computer can checlk whether the data link
iz working. This requires a check on each data line. This is similar
to the bit-check performed on A/D data, and is done by sending two
bytess: 300, and $FF {(i.e. all bits off and &ll bits om) with every
transmission. The receiving computer knows where these check bytes
should be, and tests them. I+ CRU#L finds an error, it lights an LED,
and sets a flag in the "CRUHL STATUS BYTE" going to CFPFUH2 at the end
of every data transmission. CPUHZ displays this status on the screen.

—6-



If CRUHZE finds an error it displays the message "COMM#L ERR" and
stops. NMote that if there is a link problem (i.e. a hroken wire or
fried bit in a FIA) the CPU#L status byte will also be wrong, but the
LED and thes CFU#2 checlk should catch any error. [In the case of a
broken wire, the receiving computer will find a 17, since the input
*floats high” — this will make CFU#1 status non zero, which will cause
CPU#Z to display it as separate bits.]

A similar method is wsed in the CFUH2 <= CFU#3 link. Here the check
bytes are placed at the end of the date/time store in CPUH#Z. This
store goes to CPUKZ and back unchanged, and the bytes coming back are
checked by CRURZ. If there is an error, CPUHE displays "COMM#I ERR"
and stops.

The date/time store represents the time as one byte per digit (which
uses the lower 4 bits only), s0 an error in the top 4 bits would rot
be obvious in the CPU#I display. L[This is a potential problem with the
present RTW system!]
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CPU#2 Screen Display

Thie is the main information and debugging display in the system.
Important parameters and errors from CRURL are passed on to this display. Fig
1. shows an example of the di%play( mlpagaB).

Clock linme:s

gives year (2 digits),day of year (Jan 1= 001), and hours, minutes and
seconds in UT. The clock chip is on battery: a full clock set is done hy
ralling the appropriate clock EFROM routine from the machine monitor before
starting the program (e.g. if slot 3, then say C3Z86. See separate clock
write-up for more detail). For minor adjustments while the program is running,
use "+" gr "-" keys. This changes the seconds units only. To the right of the
clock is a "mode of operation” charactery a flashing "W" means the asystem is
i wait {(in this mode 2 2 et etctfreb e 2 the system does
nothing except wait for the next key command)i an "RY means a record is o in
progressy a blank means the system is checking the clock for the next record
start.

Amount of integration:

The display is in decimal, and is the number of Ti pulses used to get one
(hit) amplitude in CPU#1. This parameter is part of the program (location
SEFE-where it must be erntered in HEX!). Note that the Ty synch rate and the
amount of integration must combine to produce a final coherent average data
rate of 7.5/4 Hz. Thus CRUEZ receives data every Bx4/7.5 sec (v 4 sec), and
the "D" in the DATA ENTRY GND ANALYSIS display should move at this rate.

A/D status:

The &/D status is an indication of whether all hits coming from the A/D
converters have been found to be on and off at least once in a record. From
the left-most character the channels are I1,81,I2,082,I%,0%,14,04. A "?" means
all bits for this channel have not been on and off yet in the present record -
and the system is still checking them. An "I" or a "G" means the check is
successful, and the A/D is ok in this respect. This display is updated with
gach data block received from CFU#1 (every 4 sec)yi so it will start at
flashing "7?7?77??7" (however, the check may be partially/totally successful by
the time CFUH2 displays it) and should change to "IGIRIQIGY gquite rapidly
{since all 32 heights are checked). CFUH#R does not receive any information an
which bit is bad in a particular channel. [IFf CFU#1 is an Apple with normal
keyboard control, this information can be retrievedl. If all channels are ok
"OR"Y appears instead of "IRIBIBIAM. '

Left side of display:

This shows an estimate of the gain ratics of I/0 or &/1 (whichever is less
than 1) in each receiver (#1 to #4) at a height (HTH#) chosen in CFU#1 to give
the most accurate value. This is a ratic of the mean absolute values{ relative
to the estimated offsets) of I and @ over the record. The best height is
selected in CPU#1, on the basis that the signal magnitude at this height
should be closest to 128 of any height.lThe value of the height number is not
important for "casual" usel. )

The display also shows the worst {(i.e. furthest from 5V) receiver offsets
for height #14& to 23 (8 heights) at the gains in use for the previous rracord.
It is in terms of the difference of the mean value of all "lst pulse in
coherent average® receiver amplitudes from 128 (+ve if above 128). If the
receivers® offsets have been set up properly and are not drifting, the values
should ke somewhere in the range —10 to +10. The display routine was not
designed to work for values outside —-99 to +993 in this case there will be
strange characters in the display- which means a very serious offset error!
Note that these parameters may take several records from CRURL reset to settle
cdown.



Right side:

"HTR RES
was reselt successfully (blank if none). #NMI gives the number of times CPUH#Z
had to reset itself through an NMI generated by a time-out circuity that is,
it was stuck in the middle of communication with CFRU#1, the C128 or the tape
drive. When NMI occocurs, CPUHS status is displaved, showing where it was stuck

as follows: 00010000="in tape drive routine (EFROM)", 0000LO00="in C128 link",

QDOOOI00="in interrupt (from CPU#L) receiving the final parameters at end of
record”, QODO0OLO="in interrupt receiving a data block {(in the middle of a
Fecord)”, 00000001="in the middle of sending initial command data to CRU#L (at
the beginning of a record)". ’

CFRU#1 status is displayed every time CRUBR receives a data block from
CPU¥L. It indicates OF if no problems, or & bit pattern if any problems have
cccurred since the last full reset (not NMI) of CRUHL. [Most of (all) these
conditions are shown by the CFUH1 LED display, but only for the present
recordl Fossible patterns are 00000001= data overleoad (synch too fast for
PEOgIramd) . ...« (should be system test bad indic. but not in BRELI7)Y. #INTFCE HST
gives the number of times a power up or reset (which is done avtomatically on
power up, or manuwally with cntl-reset keys) has occurred in CFU#L: CFU#L sets
an internal flag on reset which it clears just after the first data are sent
to CRUH#HZ)

This indicates either a serious problem on which the system decides to
"stop" - these are COMM#L error, COMMER error (i.e. bad bits in link), DATA
OVERLLOAD or WRAFP AT END (analysis is not fast enough to keep up with incoming
datal); or a temporary problem CL28 NOT READY or DRIVE NOT READY ar TAFE FAST
EOT where it contirnues (although the tape dump is not done if the End 0Ff Tape
marker has been reached)

1. The drive is checked for "error" after the write routiney if error, then
it displays the message and continues as if there were no problem. I+ no
error, it clears the message. Error conditions are: tape off-line/not
tensioned or no ring.

2. For C128 not ready. the system displays the message, resets the "ist
record flag" -which means that the next data coming back from the €128 will be
discarded, and continues. If it is ready, the message is cleared. This means
that stopping the C128B for any length of time may cause the loss of at least 2
records. Also note that starting the C128 by RUN after a program change, when
the rest of the system has been running for more than 1 record, will/may
result in "garbage" going back to CFU#2 -unless youw wait for this message to
appear antd then say RUN!

3. I+ the tape is at EOT, there will be no write to tape. but all other
functions will be normaly so there will be printer output.

Check—sum

At the heginnming of svery record, a program check—-sum is done {(900-1FDF
only) and compared with a stored byte. If bad, then the program has charnged
itself, so an error message is writbten at bottom centre screen. This will
remain until the screen is cleared {(e.g. by "W', "5%). It indicates a SERIQOUS
hardware fault in the Apple:CFURE (or someone neglected to update the stored
check-sum byte when modifying the program). It does not stop the program.

~10-



CM Jun®?™ 88
COHRTW: Sign conventions for ADA,Doppler
(compared with other Fark equipment)

Define a complex signal as A(t)= r.elﬁ = I+iQ where

g = taﬁd'(—§->

(I and @ are the In-phase and Ruadrature outputs of the receiver,
sometimes called Re % Im or A % B on equipment).

1. COHRTW system:

Cross correlation is in the sense
*
Ay (B) X% A0t + lag)

where the subscript is the antenna number (1,2,%,4 = MNorth, South,
Main, Centre), ¥ represents complex conjugate, and lag goes from ~16
to +135 : the sign of the lag has the same sense as the sign of tmax in
the FMFCA analysis. The cross phases (saved for later ADA) are just
the values at zero lag of

tan_%lm/ﬁe)

where Im and Re are the components of the complex cross correlation.

Auto correlation is in the sense

*
Aglt) % Ay (t + lag)

[ Note that ﬁ is not necessarily in the sense Tu-Ru, it may be the
same magnitude but opposite sign, depending on Ry construction — that
ig the I and @ might be reversed]

The C1Z28 analysis defines Vr as positive if the auto phase is
increasing with lag. '

2. Meteor trail:

This is uwsually done with the prototype coherent receiver, but both
built by Rob Strother-Stewart, and sense of 1,0 seem to be the same.
Zero lag phase (cross) is found from
Au ﬁi
and auto phase from:
*
Alt) X A b+ lag)

Thus COHRTW and Meteor—-trail have the same analysis, and except for

cycling correction to "zero lag" cross phase due to Doppler, the AOA
results shouwld have the same meaning.

_11-




Z. RTVz system:
This used the same receiver as the meteor—trail system, and the
auto was calculated according to

Gt + lag) % I(t) — I(t+lag) % CG(L)

This corresponds to At + lag) X A*(t) in the previous
repesentation for COHRTW and is seen to be reversed from the COHRTW
value.

[Lnote that the 1,0 here were labelled R,I (for Re and Im)
respectively in the Vz system program write-upl

The sign of the analysed velocity, which is the slope of the above
expression going toward positive lags, was empirically found (by
tilting the receiver array) to be reversed. All tape data are in this
reversed condition!

4, Interferometer (tide system + prototype coherent Ru):

An FFT is done on sgach sequence, thern cross phase found from:

Im Xspec iV4 = Yio X = X0 Yy Cor Q.1 — I;.6y in COHRTW terms).
Thus the cross is Ay Nﬁ « But the I%¥0 had to be reversed later in
the analysis to get the change in AOA and the sign of the Doppler tog
agree — so after reversing, the program is effectively using Auz Qi .

9. Conclusions:

The COHRTW and Meteor are correct in Ve/Vrad, that is a positive
valogity indicates motion away from the radar. Also if the cross phase
Am ﬁ? goes more positive, then ADA is "leaning” more towards antenna
43 and so ¢ of the complex signals

el

can be considered to be the total phase path with & negative =sign, so
pw-¢3 is really '"phase-path-3" minus "phase-path-4"

6. Postscript:

Arn additional experimental test was carried out with the COHRTH
running. %0° of cable was added to antenna #1. The analysed 4Y1 cross
phases moved positively by 90° s which agrees with the conclusions in

3.
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Description of final tape record

A tape block is 864 bytes organized as I2x3+24132 bytes.

This is the "date/time/param" store. The first 13 bytes are of the form
89:12%/1230: 05, where the punctuation is Ascii coding, but the digits are
binary — except for the year which is BCD(1 byte). Other parameters are the
delay (DLY) to the first height gate, the clockin delay (determines number of
gates clocked into shift registers - should cover &4 ar 60 gates: whichever
makes the lst gate egqual to the lst analysis height. This must be checked with
a pulse generator triggered by the Tx synch.), and the gate separation (8
means 20 usec). The "delays" are really program parameters which determine the
delay — they are not directly convertible to a delay value. These parameters
are kept mostly as a means of data identification. Also stored is the amount
of integration (# pulses per mean amplitude), and the length of the record (
number of groups of 8 mean amps) — 2 bytes are reserved for the latter, but
probably will never use the high byte. The last two bytes are always $00 and
£FF - these are used internally for testing communication links. The site I.D.
byte is always recorded, and also the A/D status (at the moment, but maybe not
always)

bytes 33-64:

This is the "signal strength" store, starting at the lowest height (e.q. 49
Em). The signal strength is not gquite as straightforward a parameter as that
used in the RTW system. It is determined by taking the average of the square
roots of the mean square value of (integrated) amplitude minus the appropriate
running long-term-mean (i.e. receiver offset) over the 4 receivers and 2 (IG)
components for each coherent integration group. That is, each set of 4x2
receiver amplitudes yields one RMS value, which is then accumuml ated for 8
integrations and averaged. A grand average is done at the end of the record.

bytes 65-%6:

This is the gain store, starting at the lowest height- the lowest 4 bits
of each byte contain the gain (0=min to 7=max), the upper bhits (if non-zero)
contain a message showing why the height wasn’t processed further. Gains for

the R-5-8 receivers are in steps of 10dE (not 8 dB as in the RTW system)and
are not adjustable. Each gate has its own gain.
The message (4 bit number) has the following meanings: 1 = 8D (signal) too

-

small (less than 5), 2 = fast fading (auto below 0.5 at first lag), 3 =
constant signal (all 1°s or 0°s in any of the 8 sequences).

Separate height results

Each height has 24 bytes for analysed data, starting with the lowest height.
I no analysis has been done (i.e. the C128 ran out of time), all 24 bytes are
TRrOS.

Byted#ls
The height number (lowest is 0)

bytes#2-7:

—————————————— L,H
These are three 2 byte numbers () each containing the zero lag auto
correlation and phase for antenna pairs 1lv4,2v4,3v4 respectively. The formula
giving the number is phase (deg) + INT (autoX10Mx512, There is no apparent use
for the zero lag autos at this time (except they could be used to determine
pattern scale and orientation independently of the FCA analysis) — but why
waste the free space.

Bytes# 8,9 (H,L):

This is the Doppler velocity (m/s) x 100 + $8000 (full range +-328 m/s) .
1f these 2 bytes are zero, Vz wasnt calculated (or it could bhe an extreme!
value— but very'unlikely). V= is calculated from either 1 (if the auto fell
below 0.5 after the first lag) or 2 points of the auto-correlation phase(if it
still above 0.5 at the second lag). If 2 points are available, the auto width
and "noise factor" (NF) are also calculated, and the Vi is determined from the
estimated phase slope at O-lag from a 2 point parabelic fit calculation.
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Bytes# 10-11:

The top two bits of byte#ld are flags set during the caloculation of Vz. The
MSE (hit 7) is set if the V= is calculated from 1 point (in which case the
auto width and noise factor are left zero):; bit 6 is set if the "curvatwe" of
the auto phase is greater than J0% (i.e. the slope from O to 1 lag and that
from 1 to ? lag phase differ by more than 0% - Yz is still calculated by the
parabolic fit). If the auto magnitude is increasing from lag 1 to 2
("impossible"), then there are no message flags, and the auto width and NF are
left zero, but there is still a V& from the Z-point fit.

The curvature criterion used here is similar in intent to. that used in the
"Wr Gystem", but probably better. There the actual curvature from the
parabolic fit was used, with a 1imit of 2, and it seemed that larger Vz's
usually had greater curvature determined this way — which seems somewhat
wnacceptable. The present curvature here is in some sense "normalized” with
respect to the Vz magnitude. (Curvature indicates that there is more than one
significant Doppler freguency present - it does not necessarily indicate that
the Vz should be rejected.)

The advantage of using the fitted slope at zero lag is that it is
(theoretically) independent of the lag step.

The aute width parameter (if any) is taken from the Z-point (exact) fit
to a Baussian of the auto-magnitude. It is the calculated lag for P=0.&61xNF
(that is the NF is "eliminated" before the width is found). The units are lags
% 4, maximum of &2, set equal to &3 if greater. The NF is the value of the
auto-magnitude—times—-100 extrapolated to zero lag from the BGaussian fitg
masimum value is 127 (the top bit will be saved for possible futwe use as a
message flag). These two parameters "may" be useful sometime.

Byte#l12-173:

Byte#l2 is $FF (fast fade) or,if the analysis got this far, febrer 15
TRINT(NTDX100) +x, where x is 1 if the sum of the tmax is -ve, O otherwise. u
ie intended to show the sense of "vorticity” in the pattern. Byte#l13 is the
maximum lag used in searching for peaks in the cross correlations (usually $0OF
= 15, but sometimes a reduction is paasible)"(NDte that after 19883day#348 NTD
is now signed: value = INT(NTDx 100 %2 + sign—bit, where sign-bit=1 if NTD is
negativeibeﬂm.Ltif 200 % NTOY

Byte#l14-23:

These are the FCA parameters (0 if not calculated) s #14-15H,L)= V-true
w103 #15-16(H,L)= phi-true(deg E of M)y 17,18, .y =major axis ( P=O.61) af
pattern in metres; #19,20(H,L)= minor axis of pattern in metres; #21= tilt
angle of major axis (deg E of N, #22=characteristic timelin sec) 10 (max.
25.% sec). .

Ryte#24 contains 3 messages combined: IX¥32+IRx4+18 with the same meaning
as in the RTW system (but with the COMRTW system IX never=2)

.
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Complex Cross/Auto Correlation

The complex sequences A (t) and A (t+lag) are defined as
Agtt) = T4¢0) + 1 Gy () and

Aj(t+1ag) = Ij(t+1ag) + i Gj(t+1ag) = Ij + 93,
where I and @ are the In-phase and Ruadrature receiver components, and
subscripts i.J are the antenna numbers. ‘

Complex correlation is given by:

* ¥
AiAj iAi .ZAJ.
_r) (Lai) n -|lag| ~ n n
&y - * | * * |
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where n is the number of amplitudes in the time sequence. Then the
real and imaginary parts of the correlation are:
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Since I and 0 are bit-amplitude sequences (O or 1), the 1 is the
number of l-bits in the Ii sequence for example, and Is 3 is the
number of bit matches between Iiand Ijwhen they are shiftted with
respect to each other by a number of slements equal to the lag.

It can be seen that only two accumulators are needed for each lag
of each cross or auto, viz. "II+EE" and "RI-IG". Also needed are the
number of l-bits in each of the 8 seqgquences ‘11591=12592=13=Q3sﬁ+s@u>"
Also the Im part of the auto-correlation is O at zero lag, by
definition.

I
I

Correction to correlaticn values:

Conversion of the amplitudes to bit-amplitudes introduces
truncation noise — thus the magnitude of a bit—amplitude correlation
is expected to be less than the corresponding amplitude correlation.
Since it is Xassumed¥ that the amplitude correlation is more
appropriate, some sort of correction must be made because the V-true
value is dependent on the correlation magnitudes. In the RTW system,
arn argument is made based on the amplitudes having a Gaussian
distribution (actually is is more likely to be Rayleigh, since the
"amplitudes” are really magnitudes of complex values). Here, the
comlex amplitudes are likely to be symmetric, but who knows about
Baussian — anyway the same correction function is used here to the
¥magnitudesk of the complex correlations — athough a derivation has
not been done, even assuming Gaussian distribution, with complex
numbers to show whether the same function is appropriate.

A test was done with the Fitteway and Wright "point scatterer®
model which shows that, at least in the one test done, the
correlations for bit—amplitudes used in complex correlation works (i.e
V~true are within 5%
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COHRTW OF-INSTRUCTIONS Dec’® 0

(TOTALCFUHZW -D/N) .

GENERAL. INFO:
Receiver#1,2,3,4 RF inputs are connected to North,South,Main,Centre (N-8
dipoles), and outputs to I1,681,12,682,13,085,14,684 on the receiver interface.
Note that the centre antenna must be connected through & &dBE preamp on
the end of a power splitter which also feeds the RTH system.

DO MOT TURN OFF THE CFU#Z MONITOR- this causes a spike which sticks, the
system temporarily- or worse causes a caomm. link error. Just twn down the
brightness. (the system will recover by itself in approx 5 min if you do
nothing else)

THE SYSTEM 15 FROBABLY 0Ok IF YOU SEE DATA REING WRITTEN TO TAFE - this
pcocurs every second occurrence (we are now dumping packed blockas) of X4:33
(Me8) or XP:38. If no dump, then look at FROBLEMS: entry on CFUHZ display.
Note: a failwe in the A/D check does not stop a tape dump, because it can
happen (seldom) when there is no problem.

CHECK THE RECEIVERS BY PUSHING THE BUTTON ON THE INTERFACE MONITOR FPANEL
(leftt hand end of receiver interface) TO LOOK AT THE I OUTFUT FOR ALL
RECEIVERS, AND USE THE OTHER BNC CONNECTOR TO LOOE AT THE @ OUTFUTS. THEY
SHOULD LOOK SIMILAR - 1.E. SIMILAR AMFLITUDE OF SIGNAL.

to change a tape

BEFORE DOING ANYTHING WITH THE TAFE DRIVE, PUSH "W" ON CFUHZ AND WAIT FOR A
FLASHING "W" T0O AFFEAR ON THE SCREEN-~OTHERWISE CRU#2 WILL OPERATE THE DRIVE
WHEN YOU DONTT WANT ANY INTERFERENCE!

IF THE TARE 15 FAST THE End OF Tape MAREER DURING & WRITE ( under system
control), CFPUHR will still be running with "TAPE FASBT EOT" disgplayed after
"oroblems:": but no tape write will be done. In this case, push "W" to put the
system in wait (wait until you see the flashing W after the date/time), then
push the tape drive “"on-line" button to take drive off-line, push rewind, and
push rewind again after tape has rewcund to Beginning O0F Tape (BOT) marker.
Thern mount a new tape following the threading diagram on the drive, and push
0AD button (this tensions the tape and looks for the BOT marker). When the
tape is at the BOT marker, push "on-line” again(the on-line light should go
on). Then push "8" on CRU#ZE. & return from wait clears the screen and
re-writes the display so you won®t see any parameters until the end of the
next record.

- DONTT TURN OFF MONITOR (TV) FOR CFRUHRZ.
¥k xrxkxdobkkis

weothe folliowing note probably does not apply since the tape reset circuit
was modified, however.....

IF THE TAFE HAS RUN OFF THE END!:: it may be tangled on the take-up hub. VERY
CAREFULLY untangle it making sure that more doesn™t fall off! (or better still
put a piece of scotch tape around the tape still on the reel- to make sure),
then cut off any creased tape, thread it backwards and push LOAD, then REWIND.
When the tape stops at the BOT (beginning of tape) marker, push rewind again
and take off the tape.

Fokok ok ookl kekokcioookkokok k

IF THE TAFE I8 STILL MOUNTED PROFERLY and you are in "wait" (Flashing "W" on
CRU#2 monitor) then push "E" a few times (file gaps)i then push ON-LINE button
(tor take it off line — the on-line light should go off) and push rewind. When
it reaches the beginning of tape push rewind again.
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MOUNT THE NEW TAFE following the threading diagram inside the front door,
and push LOAD. The drive automatically tensions the tape and moves forward to
1ook for the RBOT marker. Yo can push ON—-LINE after (the ON-LINME light shold
come on) but the program will do this if you don®t.

RdkRkk

THEN push "5 on CPU#E (the "middle” Apple) to restart.

ok kAkk kR

The screen can be eaedrawn® with cleared parameters by going into and out
of wait {("W" then "8" between records). This was added so that the #tape
resets/NMIs/Interface resets can be rleared without stopping the system -
atherwise they finally go off into strange characters (since only one digit is
displayed) after & while (weeks).

Rk kock R

Syrnch rates (for information only): At present (Jun® 88 On. .. the program
selects 7.5 Hz synch (through an extarnal relay)and runs 4 pulse integration
in the day (10:00 AM to a:59 FMY — it does ¥not¥ enable the Tx in the day, so0
it is depending on the RTW system fto have selected 7.5 Hz To rate. While a
tape dump is in prograss or data are being packed in the tape output store,
the system enables the Tw (which is set at 60Hz, l.e. rate "1" on the
thumbwhesl switch on the particular Tx pulse rate selector card, with the
anto/man switch in the AUTD position). If the tape drive is at EOT there is no
LoHz "burst"; if the tape is not ready {(but not at EOT) there is no 60Hs burst
when an attemt is made to write, but there is when data are only being moved
ta the tape output store. 14 the write goes ahead, there is approx 172 sec of
L0Hz. This occurs at approx. X4r 54 ar X9:34 (mrsd.

At night, &0Mz synch is selected, and the Tx is enabled during the record
(and the tape dump). After the dump, the T is neisabled" until the start of
the next record as far as the COHRTW system is concerned- i.e. the Tx rate is
determined by the other operating systems.

STARTING INSTRUCTIONS-all systems dead at start. If the Apple is an AFFLE TI+,
it will come up in Rasic ("1" prompt). If so yau need to type CALL-181 ret.,
TEs 49 FF ret., FBOFGE ret.i =0 reset will go to the monitor instead of Basic.

Load the AFFLE (CPUHZ) with TDTQLCPU#EV’"D/N(?OG"1FEF) ~ this tape should
be in the cassette recorder already. Type 9000 retuwrn. [ Note: the system can
he started with 9146 ret. which keeps the "present’ galng, but you must KNOW
that the gains are good! iem. O-7, unchanged from the last record rund

Then load the CL28 with C128-FMFCA-VIBI" (the latest version tape is lett
in the cassette recorder) and type RUN rtn.

get the clock on the Apple — use nen and Y-" keys to change
units—-of-seconds, and push wer o mtart operation.D Noter a full clock set
must be done from the mach. lang. monitor, but eince the clock has its own
battery, this will seldom be reguired)

14 the tape drive is not on line {light), put it on line.

CRUS1 error (red) LEDs: Under normal conditions, none of thesse should be on.
The *local’ LED indicates that the system is in sel f-~operation (started
manuwally by holding the test’ button while pushing reset.), and will only be
on for 4.% ming then the system reverts to normal operation (controlled by
CRUBD) . I+ other red LEDs are on mors than momentarily, there is a serious
error. These will stay on until CRU#L is reset (tmanually or by power~up) . If
red LEDs are on, then push the reset hutton (recessed) between records to see
it the problem was temporary oOF is permanent — if permanent, there is &
hardware fault which must be fixed.
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"ON" means:

msb [] | System test ok

wailting for NMI
green

LED*s receiving CMD data from CPU#2

Processing IRQ

System test bad

analysis too slow
red LED'

in LOCAL/TEST mode

Comm#2 error!

OO0 0ooao

CPU#1 LED Panel

in C128 comm. routine

msb { (//
Lttty

\——-sending cmd to #1 at begin of record.
processing IRQ

CPU#2 Status byte: meaning on NMI

—P P



Section II.: CPU#1 (Rx interface contral)

CFU#1 detailed description (W) [page 231
Subroutine list (L) [page 271

Fort address list (L) [page 281

Zero-page memory use (L) [page 291

Eullk RAM map (F) [page 301

LTM store (F) [page 311

I1/0 locations (CPU#1 <=3 CFUH#Z link) (F) [page =2
ROM storage (tables, program, etc.) (F) [Lpage 3321
CFU#1 program annotated listing (L) LCpage =51

NOTI LDHS




CrRUH#1L —detailed description

General operation

The interface computer runs two programs simultanecuslys interrupt
processing, and analysis [in contrast to the present non—coherent RTW system
which does all data collection and analysis during interrupt processing.]

The interrupt is generated by the Tx synch pulse. During interrupt, the
system controls the interface— gains, clocking, data collection, and storage
(coherent integration), and also the sending of completed data records to
CRU#Z -~ the latter is included in interrupt so the timing of the communication
link to #2 is fived (which may be important sometime).

The analysis does & running 8-channel A/D bit on/off check to test the
hardware, does the coherent averages, the accumulation of long term means
(LTM) Ry offset, the calculation of the vector magnitudes for the average
signal, and conversion to bit-amplitudes with respect to the LTM. There are
two flags needed for communication between interrupt processing and analysi
fIne is set in interrupt to tell the analysis that a coherent sum is complelte
and ready for analysis - this is reset when the analysis is complete. The
other is set in analysis to tell the interrupt processing that a data record
{(the result of 8 coherent averages) is ready to send to #Z - this is reset
when the data have been sent.

The record ends after a specified number of data records have been sent.l
The required number has been sent to #1 from #2Z at the beginning of the
record, along with other parameters, e.g. gate separation, clockin delay,
delay to lst height gate, amount of coherent integration to do, etc.]

t

LTHM considerations:

The only reason for doing a long term mean is that the prototype coherent
Feceiver has an offset which varies with gain —~ due to a leakage of 2.219 MHz
reference oscillator into the front end. If this problem is present in the new
receivers, then an LTM is the only way of correcting for this fault. The LTH
is meant to represent the receiver output level for no input (usually &5 volts
= $80 hex through the A/D converters), which is set manually by adjusting the
offset controls on the receiver op-amps. Over a long pericd of time, the
signals should be randomly distributed about this level, and the LTHM will
approach the desired offset Lassuming the offset is quite near 5 V 3 otherwise
the distribution will be skewed, and there will be a difference betweesn the
LTHM and the real offsetl. Then, even if the offset drifts slowly with time,
the LTHM will be a good approsximation. This is important because the bit
amplitudes are found by subtracting the LTM from the individual amplitudes -
if the LTM is not correct and the signal is small, all bits may turn out to be
the same in a sequence, which makes the cross correlation useless — ideally
ane wants an equal number of 1 and O bits in any amplitude sequence.

& way of avoiding the LTM altogether, is to flip the reference signal phase
with sach pulse, adding those signals measwred with in-phase reference to the
coherent accumulators, and subtracting those signals measwed with out of
phase reference. Since a real signal is locked to the transmitter phase, it
will alseo reverse phase with the reference signal and the sum/dif+ference
procedure will get rid of any constant off

set in the receiver output, leaving
a +ve or —ve sum. The sign bit of this sum is the desired bit-amplitude...
VEINY BASY.

However, if there is some reference signal (e.qg. ground clutter) getting in
the front end of the receiver, this will look like a good reflection and will
remain as a fixed offset in the result. Again, if this "off " dis greater
than some small signals, the result will be a constant bit-amplitude sequence.
This "offset” will vary with gain as well

A third option is to do the phase flipping, adding/subtracting etc. and
still maintain an LTHM for getting rid of this residual offset - but it means
longer analysis time (I think) because +ve and —ve numbers have to be dealt
with separately, and seems to have no advantages over the no-phase—flip
analysis in terms of results. A minor advantage of the no-phase-flip analysis
is that the LTMs can be monitored to see that the DL biases on the receiver
putputs do not drift too far from the centre (5 Volts).
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At present, the LTHM is a running mean over 4096 amplitudes at each of the 8
receiver channels and 8 gains. I some gains (e.g. 7) ocow more often, the
LTM will represent a mean over a shorter period than for gains which do not
occuwr as freqguently. This does not appear to be a serious drawback, since
signals at different heights may be considered independent in sign, and the
40946 amplitude average should approsimate the receiver offset just as well no
matter what the real time interval for the average is.

For example, if gain 7 is used for 4 heights, and the coherent integration
time is 0.9 sec (which it will always be, since the pulse rate and amount of
integration are adjusted to give this time), the average is over approx 9
min. Tests show that even if the initial LTM is very different from the real
offset (i.e. several volts!), it only takes about 40 min to become a good
apprroximation.

The latest EFROM version (BK28) allows the LTM to be floating {(as above) or
fived (at $80 if CRU#L was just reset) by setting a flag in the command data
sent by CPU#2 at the beginning of & record, viz. this flag tells CFU#L to skip
the LTM update; an "LTH-mode" flag is retwned to CPRUEZ with the 8 status
bytes tacked onto gach data send (but not used at present).

Magrnitudes:

Signal magnitudes are needed so the CPUH2 can decide on the best gains for
the next record. Since a record may consist of greater than 2046 coherent
averages (@.g. SlPavgs x 4 receivers for 4.5 min), and this would require at
least I hyte accumulators, some “"pre-averaging® is done on each 8 coherent
averages. This represents a sum of Bxd magnitudes for each height and
receiver. These average magnitudes are summed in another set of accumulators,
and a “grand average" is done at the end of the record before sending them to
CPUH#Z.

There are two ways of caleculating a one-byte magnitude, given values of
(I~-LTMY, (B-LTM) from a coherent average. Assuming that both LTMs are exactly
%80, the value of the maxigum magnitude (i.e. both I and B clipping at O or 10
volts) is ... J($80F +680% ) = 181y this wast part of the magnitude byte. One
way to solve this is to set the magnitude to $FF if (I-LTHY o+ (B-LTMY™ 7
#4000, and otherwise to take the sguare root of 4x CCI-LTMO® 4+ (o-LTH® ).
However, this eliminates some possible measurable magnitude variations, sincoe
clipping in only one component puts the value over the maxisum. The other way
is to always use the formula mag = V2 ((I-LTM T +(Q~LTM)1)} however, 1if
the LTM is not exactly $80, some values before the sgrt may be greater than 2

bytes, which cannot be handled by the subroutine....
gk bR ek e Gt Dot FERE o
Erehde-mradeer The second method is used:

2

MAG = f’.l « 0 (I-LTM )Y+ (@-LTM )

A/D bit checl:

The pwrpose of the bit check is to make sure that all bits of the A/D are
operating., A malfunction here would be difficult, if not impossible to spot
otherwise. It would just show as increased noise/fewer FCA values. Each A/D
channel is checked independently. The first pulse in each coherent integral is
stored in & separate "raw data" store for the bit check. When the bit—-check is
started, two check bytes are initialized for each channel, one to %00 and the
other to $FF (i.e. all O bits, and all 1 bits). The initially valued $00 check
byte is "ORed® with the incoming amplitudes, and the result stored brack in
this check byte; the initially valued $FF check byte is "ANDed’ with the
incoming amplitudes, and the result stored back in this check byte.

The A/D is ok if finally the initially valued $00 byte ends up as $FF, and
the initially valued %FF byte ends up as %00. This means that all bits of the
A/D putput have been high and low at least once. The bit check continues with
the ist pulse of each coherent integral until this condition is satisfied for
all A/D channels. Instead of keeping track of which bit(s) in a channel is
bad, the "bit-check status byte" just indicates that a channel is bad by
placing a *1" bit in the 8-bit byte.
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Differential ga&in monitor

ne serious problem noted with the prototype coherent receiver is that the
gains of the I and & channels can drift drastically! This causes large [l =lak-H
in the vertical Doppler measurement at leasty the effect on the horizontal FOA
velocity has not been investigated yet. In any case, it is necessary to put
some sort of monitor on this, so that a clear warning is available
automatically. Bince, assuming a single CPU board for the intertace computer,
only a primitive display (LED's) is planned, CPU#Z must receive enough
intformation from #1 to display a value of the gain ratio.

There are various possible ways of monitoring the gain ratio. For example,
the ratio could be caloculated after sach coherent average, and the ratios
averaged -~ however, it requires a divide each time {(i.e. extra cpu time). The
method used is to pick one height (arbitrarily for the lst record), &nd sum
the absolute values of (I-LTHM) and (B-LTM) in separate accuwnalators (uses 3
byte accumulators, two sets for each receiver). At the end of the record, the
value of (100xmin)/max is the ratio, where min and max are the minimum and
maxmium values of the two sums fWI~LTM$)\and ik@-LTMQﬂ; this number is less
than or egqual te 100 by definition, and so it fits in 7 bits. The msb (bit
7)is set if the sense is I/0, and clear if /1.

The best height for the next record is calculated by looking for the mean
magnitude closest to the middle of the possible magnitude range (~using $80 at
present, but depends on how the magnitude is defined, and may change later).
If the gain changes for the next record at this height, it may not be the best
height for the gain ratio calculation. .

System self test

A systen self test is done on power—-up and before each record (hefore
waiting for an NMI from CPU#Z). This verifies the EFROM program by doing a
2-pbyte check-sum and comparing the results with that stored on the EFROM, and
checks all used RAM (except the LTM store) by storing and reading back $00 and
$FF. As this is being done, the "system ok" green LED is twned off, and
several of the red LEDs will flash momentarily (or stay on if an errar is
found) . Error when “test-ok" is off and "test—fail” is on. Additional :
identify the errors no other LEDs on means RAM fail at least {(couldn™t even
test EFROM checksum —gets stuck in loop)y "analysis-—too-slow” bad EFPROM
checksumy; "in local/test mode" bad RAM.

LOAD and GO

This is a feature whereby a pﬁbram can be loaded from CPUR2 and run. Since
IRE and NMI vectors are in hardware (EFROM), this featwe is not intended to
be used in conjuétion with interrupt control (although it might be possible).
In fact, I don*t know what to use it for; it seemed like & good idea at the
time. A sample CFU#2 program is shown in Section V. (pg. 139).
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CRUEL  (CPUIBKEE

(Sub ) mown

(note:these addresses are Faxx on the single board computer  EFROM)

ADDR

HRO00-  Fower-up initialize

HEOHD-  HBtart

$208%- NMI entry point(to begin racord)

2090~  Analyse

woOEO-  Running bit check

#2140 Get Coherent averages

2100~  IRG "pre-processing”

pfocumilate long term means/oftfeets
magnitudes/and bit amps

Get
Interrupt processing
Software gating contiral
Load gains to shift reg
Fead and store 1l coherent integral

fecumul ate 2nd and fuwrther amps in coherent integral
gend data and status to #2

awitch on selected LED(s)

switch off se LED (&)

. Feverss coherent store address
HRAA4C Get /0 or /1 gain ratios at.s
HR7R0- Record initialize

s 740~  Get mag avg and add to mag avg accum

HSPT7AOD-  GORT

£97E0~ Divide(2 bytes by 1 byte)

$TR1IO~  Multiply (1 byte by 1 byte)

oano-  Load and send final parm at end of rec

BSend gains, gate param. and test data to external -use port
Wait (software delay function)

cial command sorbing (only 1 command avail. at present)
HEFOO— tem test (RAM and EFPROM

$2980~  Load program from CPUHES and run it

A0 approx 0.5 sec delay

$70610~ decrement "send” counter 2 byt

$2AT0-~ prepare for divide(i.e. reduce S-byte < 2-byte problem to e )

ht

HREF O~
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(note: on single board computer these addresses are 40000

£700
C701 Rt k1 -6
£702
C7oE Fot#h 11
C704
C70%5 Rt 26
C706
c707 Rocdta-1

C7o8
Cc7ay ReciE-

G700
C70OR Fooe b1
C7o6
C7oD Fest 403

C70E
C7OF RscHhgT

C710 it 7 = phas
71 bite O =

@ select,bit o=Tx crtl (both o/p)
gswitch cntl{s) i/p

gains and clocking cntl (o/p), IRE comtrol

714
C71E LED display (o/p)

C7ié
C717 comm. link{port B) to #2, auto strobe on write

£718
C7ie Com used for "buffer Full” signal to external-use data port

C71A
C71R external ~use raw data port, auteo strobe on wite
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XKHFF
KEFE
KEFD
REFC
ksFH
*HFA
XEFE
REFT
X6F8
SF7
SF &
sFT
-4
B3
BF2
SF1
$FO
SEF
$EE
SED
$EC
ASER

KSEA
KEET
KGES
KGET

X $ES
KSES

&4
HES
KBED
HEL
YBED

KBGO~
XERO-

XEAF

CRU#1 Zero page usage (flags & counters)
(¥ = non—-scratch)
bit-check status
grror condx since last reset status output
to CRU#ZE at end
of every data
transmission

pwr—up reset flag
$O0  check bytes to test
SFF comm. link

wused in height select for /6 monitor

used in mult/div routines

(ied oA widned e A RA oo (1)

fixved at initial value of $EX Q~\§\

used in I/0:0/1
calculation

l.ow byte of number of (B8 coh avgs) in record
(decremented after sach send)

High byte of above{probably will not be used)

GSEP = height gate separation, usually =8 (20 usec)
CLEIN sets window wicth for geatesi{i.e. # gates)

DLY sets delay to lst gate
NMIF = number of Tx pulses per cohherent avyg.

Tw cntl (=1 if offd; nobt used at present

(Tx is controllied by CRU#D)

sent by CPU#2
at the beginning
of every record

REC in progress flag(?)

selected height pointer for I/0 calc. ($20=lowest)

local /remote operations flag(=1 if loc.)

temporary bit check status (stored in $FF at end)
DF  gains (DF is gain for lowest ht.) (sent by CPU#2 at beginning of rec.)
BF  bytes used in running A/D0 bit "on/off" check

"hit—check initialize" command

Y HAE
X$EAD

5l.1-H } point to low bytes
G-l of coherent sum

*HAC0
ESHTATS

SH1~-H paint to high bytes
SHI1-L } of coherent sum

KBAA
Y HA

Ol.Z2-H point to low bytes of
GL2-L } data being averaged

XHAB
XEAT7

SHE-H point to high bytes of
SH2-L data being averaged

AT
KEET
ksad
*HBAT
KEAZ
b8 1A%}

*HEROD

¥EFO—
AHF0~

running pulse count for coherent sum

DR#1:=1 if data ready for analysis,0 if anal. fini

DR#Z:=1 if data ready to go to CFU#Z, O i+ =ent

FL.BL = 1 i+ 1lst pulese in coh. sum

phase select (=0 for normal, O phase)

phase flip command{(=1 if want alternate 0/180° )

coh. avg. count (cmplx bit-amps),need 8 bit-amps before send
PF  analyeis scratch reserved)

8F  interrupt scratch {(reserved,but may use at end of record)
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'i long term mean store

JuL 17 1890

COHERENT RTW: INTERFACE COMPUTER (#1)

C.M.,0ct?7'86

T RAM ORGANIZATION - General info

mod Jull?7'90

( for version CPUALBK27' ' '- SBéion—.)

6899

$ 8F ent '87F 7$ 8DF$ 90%‘ ’"agﬁ ;gﬂi(?(lm—l——[[\
v ! 1 L 'HY L JIE A Ho n
[ o8 | &6 |opEpBER|s2 |32 |3 [ [ [8 8] 8]
r Ba A e A= —rr Y oe |
- MmN ' 967 ]
j? f¢¢ (3zczgs3§?u§£23§(£ comps) ¥ ?fp ‘ $'?FF
N 256 high bytes la 256 low bytes (32x8) i8]
N
i$ 4¢¢ coh sum STORE 2 $..509 [QMIMQ3th2h2EﬂIﬂ
ek ; ¥
| 256 high bytes (32x8) | 256 low bytes (32x8) |
| | | | i i : l
$.2¢¢ 1 $ 3¢¢ xom date for it check l
V| | , (organized as in sums) E

i o/p data store,256 byt%

256 raw data bytes(ist pulse in s4m)‘ "f T

i | ! |
I I | g ‘

bt
| i

| i i { ! i
o I [

cmd i/p from oo

!

7 $1¢¢;(#2 o A $1FF‘ ’

zero

page,see sep. map | 48 | |

stackég——————-l

=50
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_COHERENT RTW SYSTEM- INTERFACE COMPUTER (#1) - C.M. 0ct8'86
K ROM storage
$EF3F preset
' param. SFFFF
$rEpp 2 . - ' EFF preset |preset FE2 i
y % =high Byte | L.T.Ms gains $§ l
256 8x8 32 23 |6
\
ht#¢ vectors
2
X~ - byt
$rogp H>L (nybble shift) $§M¢ L% byee
256
$2Bpp
| L—H (nybble shift)
srppp
. program
————————— >
details of top page
& n
?FEEZ transferred down to 4 Fr2 transferred - B
AP7AF | _to E5-EB $

lrf

ﬁﬂr“_*———‘wwanmQ

‘Mw\f\)'\

p Ppreset LTM's (H ) preset
$Z?F(’gn#¢ galn;7§ gains \{ht#ﬁ

¢ TeT o[ o[ TR o e el 2 79 | E P AT

|\ f
# 8-avg recs to send’
zero (not sent -

GSEP local mode only)
CLKIN SBF)

B pLy (3E

l . 8x8 E 32
E?OOO.....????

Qﬂ -~ {Il
(et fefe]aftls]
4
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COHRTY  CPU#1BK28  (to work F@@@.FFFF) in Apple gg
Jarr:
(change all Absolute addresses C?7XX to 40XX and Apre,2
C6XX to 3FX%: to convert to single board com- Jul17'90

puter version = 'SBC' suffix)

L4-antenna program

JuL 23 990

/2000—— A2 FF LDX #HEFF Set stack pointer POWER-UP ENTRY
2002- 9A TXS to top of stack _—
pelalals 78 SEI - disable interrupts

D8 CLD - clear decimal mode
2005~ AZ 10 LDX #4110
2007— BD E2 FF L.DA $FFE2.X load pre-set parameters for
200A- 95 9F STA  $9F.X possible local/test oper.
2000~ CA DEX
200D— DO FB ENE $2007
200F - A2 20 L.DX #$20
2011- EBD ZF FF LDA $FF3IF. X
2014— ?S BF STA $RBF . X
2016— CA DEX
2017~ DO F8 BNE $2011
2019- AZ 07 LDX #H$07
201E- ED F2 FF LDA  $FFF2.X mere preset paran.
201E~ 9% E4 5TA $E4. X
2020~ CA DEX
2021- DO F8 ENE $R201R
2023 A% ol LDA #3501 set"power-up reset" flag,
2025- 8% FR STA $FR
2027~ A9 00 LDA  #%00 clear"accumulated error conditions" byte,
2029- 8% FE STA $FE
202R— as F9 sTA $F9 set comm link check bytes in "status o/p to #2"
A9 FF LDA #4FF store.
85 F8 8TA $F8
2 40 LDX #$40
A? 00 LLDA #$H00
op 7F 08 STA ¢087F,. X L load pre-set long-term-mean initial values
9D IF 08 sTA  #$087F,X H -
ED FF FE  LDA  $FEFF.X (a11 - $87)
D FF 07 STA $O7FF. X H2
CA DEX
DO EF BNE $2033
AC 05 LDY  #$005 approx 1 sec delay (let interface power settle)
20 EO F8 J8R $FBEO
88 DEY
DO FA EBNE $2046
EA NOF
EA NOF
EA NOF
204F~ EA NOF
2050 EA NOF
2051 EA NOF
2052 EA NOF
2053~ EA NOF
2054 EA NOF
2055- EA NOP
2056- EA NOF
2087~ EA NOP
2058~ EA NOF
2059~ EA NOF
205A- £A NOF
2058~ EA NOF
205C~ EA NOF '
POSED- 20 EQ F5 JBR  $FSEO Initialize PIAsjand turn off Tx (not used).
OG- AD 10 C7 LDA $C710 * check whether local/test button pushed
Sh6T—~ 49 20 EOR #3720 (bit 5 of PIA, = # if pressed, =$20 if not)
2065- 29 20 AND #8320
2067- a5 E1l STA $E1
2069- A9 10 LDA  #$10 set initial height for I/Q,Q/I diff'l gain stuff
206E- 85 E2 sTa  $E2 , o
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206D

206E—

206F -~
CRO7R-
2O75~
2077 -
2079~
2078-
207E-
207F-
2080~
20875-
2085-
2086
2088~
2088-
208C-
208F -
2092~
2095—
2096~
2097-
2098~
2099~
209A4-
2098~
209C-
209E-
20A0-
20AZ~-
20A4~
2007~
20A8~
20/~
20AA—

20AD-
20AF ~
20R1-
20B4-
20B5~
20RO~
2089~
20RA—
20BB—
20RC—
20BD—
20BE-
20BF -~
20C0-
20C1-
2002~
2004
2006~
2008~
20CA~
2000~
20CE~-
2001~
20D3~

20D5—

78"

D8
20
20
AS
DO
A9
20
EA
EA
4C
AR
A
A9
20
EA
20
20
AD
58
EA
EA
EA

EA
EA
AS
J0
AS
Fo
20
EA
EA
EA

20

EQ
Q0
El
(a]2]
40
40

80
FF

40

50

20
co

12

EA
CD
AS
F8
EOQ

40

FD
03
DO

40

00
A5
AD
D2
08
AO
60
01
A4
CcS

U gEI

F5
Fo

FO
NMI

F7

e d
]

c7

FO

Fi

F1

F7

CLD
JBR
JBR
LDA
ENE
LDA
JSR
NOF
NOF
JMF
LDX
TXS
LDA
JBR
NOF
JSR
JER
LDA
CLI
NOF
NOF
NOF
NOF
NOF
NOF
LDA
BMI
LDA
BEQ
JBR
NOF
NOF
NOF
JSR

LDA
BMI
JSR
NOF
NOF
JSR
NOF
NOF
NOF
NOF
NOF
NOF
NOFP
NOF
NOF
LDA
8TA
DEC
BNE
LDA
STA
JBR
LDA
8TA
EBNE

$FSEQ
$F00
$E1
$20873
#440
$FS40

HFOB0

#H&FF

#%40
$F550

SF720

JuL 17 1990

$F3C0O &

$C712

$EA
$206D
HAS
$2090C
$FOEO

$F140

$FD
$20R4
SF1DO

$F240

#$00
A5
A0
$209C
#$08
$A0
HF760
#4501
sA4
$209C

Py

y

},fc

ey

START

Initialize PIAs

do EPROM and RAM system test (LEDs show resplts)
Want local operation?

yes,so skip NMI wait, and go to start record
No,so turn on "waiting for NMI" LED

endless loop to wait for NMI
NMI entry, reset stack pointer to top of stack

turn off "waiting for NMI" LED

Initialize various parameters and read command data

put gains in éhif Ogeggp#%eady for 1st Tx pulse
clear any existing interrupt flag (Tx synch)
enable interrupts

last data sent to #27?  ANALYZE

Yes,so go back to START to wait for next cmd from #2
data ready for analysis?

no, so don't analyze

es, do/continue running bit check on raw data

get mean signals (i.e. coherent avg)

heck to see if cmd says skip LTM update,

long-term-means (used for conversion to
bit amps)

get magnitudes, and bit amps

set "data analysed" flag (checked in interrupt)

next bit-amp, = last?

no, so continue analysis

re-load bit-amp counter (8-bit amps per send)
add mean mags to ZHwan mag store

set "data ready to send to #2" flag

Forced branch
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Running Bit Check

check all A/D data
(8 channels) for bits on&off
Done on 'ist pulse in coh,
integ. data’

20E0- AS AF LDA EAF start bit check?

20E2- DO 05 ENE $20ES yes,so initialize

20E4- AS EO LDA $EQ no; bit check fini ok?

20E6L- DO 16 ENE S20OFE no,so keep tesing

20E8- 60 RTS

20OEF- AZ 08 LDX #4508

20ER- A% FF LDA HEFF

Z20ED- 95 AF 5TA $BAF . X .

SOEF— . A9 00 LDA 400 initialize comparison bytes

20F1- 95 B7 STA $RB7. X

20F3~ CA DEX

2OF4— DO FS ENE $20ER

20F 6~ AT OO LDA #HEO0 " "

OFE- 85 AF aTa $AF clear "start bit check"command

20FA~ A7 FF LDA HEFF set command status = bad

20FC- BS EO 8TA $E0

POFE— A0 FF LDY HEFEF point to raw data byte (256 of themg
2100-  AZ 0B LDX #3508 8 channels (11,Q1,12,Q2,13,Q3,14,Q4
210D B® 00 O3 LDA %0300, Yy Raw data (from 1st pulse in coh, integr.)
2105- 48 FHA

2106— 35 AF AND $AF, X do all channels at 32 heights

2108- 95 AF STA $AF. X

210A/- 68 FLA

210R-~ 15 R7 ORA $H7.X

210D~ 95 B7 SThA $B7. X

210F - 88 DEY

2110- cA DEX

2111~ DO EF ENE $2102

2113~ Co FF CrY H$FF

2115 DO E? ENE $2100

2117~ EA NOF

2118- EA NOF

2119- EA NOP

211A~  EA NDF testfesult_of bit check
2118~ A2 08 LDX #$08 channel loop -

211D~ BS AF LDA $AF .. X ~-1st check

211F~ DO 07 BNE  $2128 bad, should be $f@, so skip other check
2121- BS R7 LDA $B7.X ok, try 2nd check

2123~ C? FF CMF HSFF all bits should be high if 0K
2125- i8 CLC clear carry for roll into status byte if OK
2126~ FO 01 REG $2129 0K, so store § bit in status
2128~ 8 SEC bad,so set 1 bit in status
2129~ 66 EO ROR $EOQ roll into status byte

212°R— cA DEX next channel

212C- DO EF BNE $211D

215‘::" AE EO LDA $EO save present bit-check status in status bytes
Si_.::— 2;-; FF ??; $FF going to #2 with each data sent
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Fr4n- g = ¥ .
2:27_ 2; E,?, tg{; :Sgo 27y find n Get mean signals(Coh. Avg.)
2144~  4A LSk N.B Coh. integral dssumed to
2145~ FO 03 BREQ $214A n

2147~ EB INX be over 2 amps
2148—- DO FA BNE  $2144

214A-  EO 00 CRX  #%00 n=0? (i.,e. 27=17)

214C- DO 01 BNE $214F no,so do average

214E- 6O RTS yes,so no average needed: skip out

214F~ B& 9F 8TX $9F =n

2151~ AS E(? LDA %Eé_ o > 16 2

2153~ Ce? 10 CMF H$10

2155 BO IR ECS $2172 yes, so want to pre-shift by 4-bits using tables
2157~ A0 0O LDY #3000 no,so just shift data to right by n bits
2159~ Bl A7 DA ($A7).Y = sum-H Dbyte

215R- 85 9E STA  $9E )

215D~ Bl A% LDA ($AF) .Y = sum-L byte

215F~ AbH 9F LDX $9F shift down n times

2161~ 18 CLC

2162 66 FE ROR $9E

2164 6A ROR

2165- CA. DEX

2166~ DO F9 BNE $2161

2168~ 91 A9 STA  ($A9).Y and store result-L (H=0)

216A- 88 DEY

216B— DO EC BNE $2159

216D- HO RTS

216E~ EA NOF

216F~ EA NOP

2170- EA NOF

2171- EA NOF n

2172~ DO 1R BNE $218F 2" not equal to 16,s0 use shift AND nybble transfers
Ei;z: g‘; zg tg; ?:23) v 2P = 16, just heed nybble transfers (by tables)
= . H byte of sum

2178- AA TAX

2179-  BD Q0 FC LDA  #Fcoon,Xx  HL  nybble xfer

217C~ BS 9E STA $PE

217E- Bl A7 LDA ($Aa7).Y L byte of sum

2180~ AA TAX

2181~  ED OO0 FE LDA  $FEOG,X L*H nybble xfer

2184~ 05 9E ORA $9E plus then

2186— 91 A9 STA ($AF) . Y store result in L-byte-of-sum pos'n

2188- 88 DEY next avg

2189- Do ER BNE $21764

218R~ 60 RTS

218C- EA NOP

218D~ EA NOF

218E- EA NOF e .

218F~ AS 9F LDA $9F n

lo1— z8 SEC 2°> 16 so need shift & then nybble xefrs
2192- E9 04 SEC #3504 get n-l4 = # shifts needed

2194~ 83 7F STA $9F

2196- AO 00 LDY #3400

2198- Bl A7 LDA (A7) .Y sum-H

2192A- 83 9E 85TA $9E

219C- Bl A9 LDA  ($AF).Y sum-L

D{9E—- AL OF LDX $OF shift n-4 times to right

21A0— 18 CLC

21A1- b6 9E ROKR $TE

21AZ- 6A ROR

21A4—- CA DEX next shift

2105~ DO F3? BNE $21A0

21A7 - AA TAX = L byte of result

21A8- BD 0O FC LDA $FCOO, X now shift down an additional 4-bits by nybble xfers
21AB~ 85 9D 8TA $9D

21AD- ab ?2E LDX $%E

21AF— BED OO FER LDA $FRBOO, X

21B2~ 05 D ORA $9D

2184- ?1 A9 8TA ($A) . Y

21B&~ 88 DEY

21R7- DO DF EBNE $2198

2189~ L0 RTS
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| 21C0~ 85 45 7IRQ STA 45 TRQ entry,save A This duplicates Apple Monitor IRQ
2108~ 68 FLA get processor status) processing
21CZ~ 48 FHA and put it back v
| 21C4-  OA ASL Was IRQ disabled? N.B. There should never be
21C5- 0A ASL a BREAK programmed, but should
¢ 21ChH- 0A ASL test anyway- l.e. prog. error.
21C7- 30 O3 EMI  $21CC  yes, so must have been a\'break" (a $ff taken as a program
. 2109-  &C EO FF IMP ($FFEQ) Ok, IRQ,so go to routine ement
2100~ 4C 00 FO JMF FFQO0 was BREAK, so just go back to pwr-up rese
; Z1D0O- A% FF LDA  #$FF TERM-MEANS
Q . 21D2- 85 9F STA  sgF  COoPe ave. pointer ACGUMLATE TONC-
:iggz gg ;; ;?2 :géu height,start at ht#0 long term mean (L)
: = 4096*0ld-old+new
Z21DB- A6 9E LDX  $9E '—2'7.;_0_9_5———
21DA~  BS BF LpA  $BF.X et gain forhis ht
21DC~ OA ASL
\ 2iDD—  0A. ASL gain*8 (part of ltm pointer)
21DE-  OA ASL.
| 2L1DF- 85 97 STA %97
' 21E1- A9 08 LDA  #808  py/component counter
| 21E3- B85 9C sTA  $9C H H L
' 21ES- AS 9F LDa  $9F last part of ltm pointer 2 1L
. R1E7- 29 07 AND  #307
D1E9- 05 97 ORA %97 add & subtract here
21ER— 85 9D 8TA  $9D full 1ltm pointer
21ED- A& 9D LDX  $9D
21EF- ED 00 08 LDA $0800, X H, byte of LTM (="01d")
2iF2~ 48 FHA sa%e "old"
2UF3—~ A8 TAY save value as index for nybble shifts
21F4~  EBD BO 08 LDA  $0880.X% L byte of "old"
21F7—- F SEC
. 2IFB~ F9 00 FR SEC  $FEOO.Y minus L.sH of old
. Z1FE-~ 9D 80 08 8TA  $0880.X save in L byte subtract old
" RIFE- 6B FLA get "old" —_—
. 21FF- A8 Tay
2200~ RD 40 08 LDA  #0840,% H, of LIM
2203~  F9 DO FC SBC  #FCoo,y  minus HeL of “old™
2206~ 9D 40 08 STA  $0840.%  save in H,
2209~ B0 06 BCS  $2211 no borrow
| ZZ20B- EA NOF
| ) 220C- EA NOP
‘ 220D~  EA NOF
. 220E- DE 00 08 DEC  $v0800,x _ borrow from Hy
2211~ A4 9F LDY  $9F
2213~ Bl A9 LbA ($A9),Y  new
| 2215~ 48 FHA add new
; . 2216~  AB TAY
: 221i7- BD 80 08 LDA  $0880.X L of LTM
221A- 18 CLC
R21B- 79 00 FR ADC $FROO.Y plus I~+H of new
. 221E~ 9D 80 08 STA  $0880, X save in L
2221- 68 FLA get new back
2222~ A8 TAY
2223~  BD 40 08 LDA  $0840.X H, of LTM
2226~ 79 00 FC ADC  $FCOO0,Y pius HL of new
9D 40 08 STA  $0840.X save H,
20 OX ECC  $2231 no carry
FE 0O 0B INC $0800, X carry over to H2
Cé6 9F DEC $9F next coh. avg.
Cé 2C DEC $9C next Rx/component
‘ DO AE ENE  $21ES
C&6 SE DEC  $9E next height
DO 9D ENE  $21DB
&0 RTS
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Get Magnitudes and bit-amps @

2240~ A0 FF LDY  H$FF coh. avg. pointer
2242~ AT 20 LDA  #$20  height counter
2244~ 85 9F STA  $9F
5538__ gg gé '522 :::_:_)4 Rx counter, starting at rx#l
2240~ A5 9F LDA  $9F get pointer to LTM for this gain/Rx/component
224C-  AA TAX
224D~  ES EF LDA  $RF.X gain
224F-  0OA ASL.
2250- 0A ASL
2251  0A ASL
2252~ B85 97 sSTA €97
2254~ 98 TYA
2255~ 29 07 AND  #%07
2257- 05 97 ORA  $97 .
22E9—  AA TAX = Poin‘cer}w LTM
Egga- E1l A% LDA ($A) .Y coh. ave. I,
225C- B4 %A STY  $9A
225E—- I8 SEC
R25F -~ FD 00 08 SEC  $0800.X minus LTM for I, (at the present gain)
2262~ BO 04 RCS $2268 tresult=positive, so no fuss
2264- 49 FF EOR #$FF tresult -ve,so must get abs value; keep carry for bit-amp
2266- &9 01 ADC HEO1 nb: carry was clear if -ve, so adc ok.
2268- B& 9D 8TX $5D A=abs (Ii—LTM) here
2260~ A6 9A LDX  #9A
226C- 7E.00 02 ROR $0Z00. X roll carry into bit amp byte ('i' if ,ge, LTM)
226F~ AL 9F LDX  $9F get back height index,
2271~  E4 E2 CFX  $EZ Is this the height foxnonitoring I/Q ??
2273~ DO 01 BNE  $2276 no
2275- 48 FHA yes, so save |I,-LTM| on stack forflater use
2276- AR TAX Lgok up square %rom tables
2277~ ED QO FE LDA  #FEDO.X  X°(H)
227A- 85 9C STA  $9C 2
227C~  BD 0O FD LDA  $FDOO. X XZ(L) - lIi_LTM(
227F- 85 9R STA 9B
2281- 88 DEY
2282~ AL 9D LDX  $9D
2284~ CA DEX _
2285~ B1 A9 LDA ($A9) Y Q
2287~ B4 9A STY  9A
2289~ 3 SEQ _
228A—~  FD 00 08 SEC  $08B00.X Q,-LTH
228D-  BO 04 BCS %2293
22BF— 49 FF EOR  $#$FF =
2251~ 69 01 ADC  #3$01 |Q,- Lo |
29I~ Ab 9A LDX  $9A
2295- 7E 00 02 ROR 0200, X save bit-amp for Qi
2298- A& 9F LDX  $9F
229A- E4 E2 CFX SER is this the selected height for monitor I/Q stuff?
229C~ DO 01 ENE  $229F no,so skip
229E- 48 FHA yes, so save §Q,-LTH| on stack forflater use
2E9F-  AA TAX
22600~ 18 cLe 2 2
22A1-  ED 00 FD LDA  $FDOG. X X“(L) get ]Qi-LTM[’“and add to \Ii-LTM}
22A4~ &5 9 ADC $9R ‘
22A6~ B85 9R STA  $9R 2
22A8~  BD 00 FE LDA  $FEQO, X X~ (H)
2TAR~ 65 9C ADC  $9C
22AD- B85 9C 8TA  $9C high byte of result
22AF-  C9 80 CMF  #380 will ﬁ@e’s‘il? be > $FF ?
22R1- 90 OC BCC  $22BF No.
22RI- A9 FF LDA  #%FF Yes, so set = $FF
22B5- DO 10 BNE  $22C7
- Bxrioe ~
22BF -~ 18 cLc
2200~ 26 9B ROL $9B x 2
22C2~ 26 9C ROL  $9C
22C4- 20 AD F7 ISR $F7A0 Get SQRT = "magnitude of signal"
22C7- EA NOF
2208~ A6 SF L.DX $9F now add magnitude to Z‘magnitude store
22CA- 18 cLc
2FCB- 7D DF 08 ADC  $08DF.X L ¥(coh. avgs for all Rx\
22CE~ gD DF 08 STA $O8DF . X (after gum . of 8, these are avged and added
22D1- 90 OF BCC  $22D6& to ¢ mag store)
22D3- FE BF 0B INC  $0BBF.X H
22D~ A4 9A LDY %94
27DB- 88 DEY
22D%- C6 9E DEC $9E next Rx
2EDE-  FO 03X EER  $22E0Q
22DD-  4C 4A F2 JMF $F24A
ZZEO~  C6 9F DEC  &9F next helght
22E2~  FO O3 BER  $22E7 = last height fini,
R2E4—- 40 46 F2 JIMF #F246
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22E7~ AZ 01 £ DX #$01 now get back stack data for I/Q stuff
22E9- A0 08 LDY  #$08 and accumibhte sums of abs values
22ER- 68 FLA
22EC- 7D &F 09 ADC  $096F . X L of Z\Ii—LTM| or g|Q -LTM|
22EF— 9D &F 09 STA  $096F.X 1
22F2- 20 08 BCC $22FC
22F4-  FE 67 09 INC  $0967.X Hy (high byte of accum)
22F7- DO O3 ENE $22FC
22F9- FE SF 09 INC  $095F,X H, ( higher byte...)
22FC- EB INX
22FD- 88 DEY
22FE- DO ER ENE $22ER
2300- 60 RTS
2310- 08 FHF INTERRUPT PROCESSING
2311- A5 45 LDA %45 (needed for Apple RAM version, but kept anyway)
2313 48 FHA
2314— 98 YA save all regs. on stack
2315- 48 FHA
2316- 8A TXA
2317~ 48 FHA
2318- 20 90 F3 JSR $F3IQ0 control delay to 1st gate,#gates etc., data now in S.regs!
231B- A? 10 LDA #$10 "
231D- 20 40 FS  JSR  $FS40  ourn on "in IRQ IED
2320- A5 EA _LDA $EA  last data in Rec sent already? (i.e. no run in progress!)
322 20 4D BMI $2371 yes, so skip out of interrupt
2324- A5 A4 LDA"  $A4 Data ready for o/p to #27?
2326-  FO 19 EEG $2341  no,so continue
2328- 20 F8 F4 JSR  $F4FB  yes,so send data to #2 (results of 8 coh. avgs.)
I2B- A9 00 LDA #$00 ", "
gl 85 A4 sTA $04 clear "data ready to send"flag
23I2F- 85 FR sTA $FB turn off "power-up reset" status byte
2331 - 20 10 FA JSR sFA10  decrement "send counter"; was this the last send?
2334- 10 OB BFL $2341 no
2336- 20 40 Fb JSR  $F640  Yes,so do I/Q,Q/I calculation, (Se& oy CNCR Upgraded
2339- 20 30 F8 JSR  $F830 and send last info/param. to #2 ’
23ZC- 4C 71 F3 JHMF $F371 and skip out of interrupt ::= END OF RECORD
233F- EA NOP
2340- EA NOF
2341- AS A3 LDA $AZ is this the 1st pulse in the coh. integral?
2343- FO 09 BEQ $234E no
2F45- 20 DA F3 JSR $F3IDA yes,so read PIAs and store amps in L byte of sum
2348- A9 00 LDA  #$00 sliess sk pilse Elag
234AQ- 85 A3 STA $A3
234C- FO 03 BE@  $2351 Forced branch
2IL4E- 20 50 F4 JSR SF450 Read PIAs and add amps to accumulators
2351 — Cé6 Ab DEC $A6 Next pulse in coh, integral; = last?
2353~ DO 1C BNE  $2371 No
2I55— AS AS LDA $AS yes, was analysis fini. on previous coh, avg.??
2387- FO OB BEQ $2364 yes, so Ok
23I59- AS FE LDA $FE NO!!! so set error flag in status byte going to #2
235B- 09 01 ORA #3501
235Dh- 85 FE STA $FE
235F— A9 04 LDA #$04 turn on "DATA OVERLOAD" LED
2361- 20 40 FS JSK $F540 ....and keep going.... CPU#2 will"remember"the overload
2364- 20 20 F6 JSR $F620 reverse coh, sum store addresses
2247~ A9 01 LDA #$01 ", "
e 85 AS sTA $AS set "data ready for analysis" flag
*I6R— 85 AZ STA $AT set "i1st pulse in coh. integr." flag
236D- AS Eb&6 LDA $E&6
Cop- BE al it SAL reload pulse counter for Coh. integral
2371- 20 CO F3 JSR $F3ICO reload gains for next pulse
2374- A5 Al LDA  $Al phase flip required?? b
2376- FO 08 BEQ@ $2380 no
2378- AD 10 C7 LDA $C710 yes,so take last phase and reverse it
237B- 49 80 EOR #$80 o
237D- 8D 10 C7 STA  $C710 (bit 7 = phase control)
2380- A9 1(? LDA #$10 turn off "in IRQ" LED
2782- 20 50 FS JSR $FS50
2385- AD 12 C7 LDA  $C712 clear interrupt flag
2388- 68 FLA
2389- AA TAX .
- nIgAs L8 FLA < restore regs from stack
2378B- ‘A8 TAY
238C- 68 FLA
2E8D- 2 FLP
2IBE- 40 RTI N
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TaG0- A4 E7 LDY  $E7 delay to Ist gate SOETWARE GATING CONTROL
2392~ 88 DEY
2E9%~ DO FD ENE  $2392
2EOS—~ aAs EQ LDA $E9 turn on clocking with selected gate sep. ($ ==20psec?~
IO ap t1? C7 sTA $C712 by storing in here with bit 7 low bor APt T 102 )
2394~ a4 ES LDY SE8 3 clockin delay: should be a multiple of 20 cycles
23I5C- A2 02 LDX #3072 2 of Apple clock
2I9E~  EA NOF 2
23I9F-  EA NOF g
23IA0- -
2321—- gg FD gﬁé 2300 3/2 Note: can only control
2IAT- 88 DEY 2 clocking On/Off at
2IA4~ DO Fb ENE  s23I9C /2 20 psec intervals
23A6~  EA NOF 2
2IA7- EA NOF 2
23a8- EA NOF 2
23A9-  EA NOF 2
23AA- A5 E9 LDA  $E9 3 keep same gate separation
2ZAC- 09 B8O ORA  #$80 2. set bit 7 high
23AE- 8D 12 C7 STa $c712 4 = stop clocking (FB7 = high)
23IE1- 60 RTS
23CO- AD 02 LDY #$02 twice) to £ill 64 shifts Joad Shift registers with Gains
2ICE- A2 20 LDX  #%$20
27C4-  BS BF LDA  $BF,X
0% CO ORA  #3CO
8D 12 C©7 sTA  $C712
cA DEX
DO Fé BNE  $23C4
88 DEY
Do F1 ENE  $23C2
50 RTS
RO 00 DY Be00 READ AND STORE 1ST DATA IN
A9 0O LDA HEOO0 clear H-byte of sum COHERENT INTEGRAL
91 AB STA  ($AR) .Y (also send to external
88 DEY system, if any )
DO FE BNE  $23DE
AD FF LDY  #$FF
AD 02 €7 LbAa  $C702 I
%1 AD 8TA ~ ($AD).Y  “store in L-byte of accum
99 00 03 STA  $0300,Y save for A/D bit check
8D 1A C7 STA $C71A send out to external system
88 DEY
ap oo o7 LDA 0700 (,),1 (this address also strobes shift regs after)
%1 AD STA ($AD) , Y
29 Q0 03 STA  $03I00.Y
8D 1A C7 STA  $C71A
88 DEY
2IFD- AD 06 C7 LDA HC706 I,
2400~ . 91 AD STA ($AD) .Y
2402~ 99 00 03I STA  $0300,Y
2405- 8D 1A C7 STA  $C71A
2408- 88 DEY : ‘
2409~  AD 04 C7 LDA  $C704 QL & strobe
240C- 91 AD STA ($AD) , Y
240E- 99 00 OF STA $OTO0,. Y
2411- 8D 1A C7 STA  $C71A
2414~ 88 DEY
2415~ AD 0A C7 L.DA SC70A 13
2418- 91 AD sTA ($AD) .Y
241A- 99 00 O3 STA  $0300,Y
24i1D- BD 1A C7 5TA  $C71A
2420- 88 DEY
2421- AD 08 C7 LDA  $C708 Q3 & strobe
2424~ 91 AD 5TA ($AD) ¥
2426~ 99 00 O3 STA  $0300,Y
2429- 8D 1A C7 8TA  $C71A
242Cc- 88 DEY
242D-  AD OE €7 LDA  $C70E I,
24Z0- 91 AD sTA ($AD) .Y
2432~ 99 00 OF sSTA  $0300,Y
2435~ 8D 1A C7 STA  $C71A
2438- 88 DEY
24739-  AD OC C7 LDA  $C70C Q, & strobe
243C—- 91 AD sTA ($AD) .Y
P4TE- 99 00 OF STA  $0300.Y
2441—- 8D 1A C7 8TA  $C71A
2444~ 88 DEY
2445~  CO FF CPY  #3FF
2447-  FO 03 BER  $244C
2449-  4C ES F3 JMF $F3ES next height
2440~ AD 18 C7 LDA $C718 (signal external system that end of "buffer")
244F= 60 RTS

Lo



2450— 18 cLe
CBasis Aorr  tov e ASOUIILATY o 1ty MR
2457~ AD 02 C7 LDA gc702 I
2456— 8D 14 C7 sSTA $C71A
2455- 71 AD ADC ($AD) . Y L-byte of accum
. 2458~ 21 AD sTA ($AD) , Y
245D— 0 Ob ECC $2465
245F~ A9 00 LDA H#B00
2461- 71 AB ADC ($AR) . Y
2467 91 AB STA ($AB) . Y H-byte of accum
24465 88 DEY
2466— AD OO C7 L.DA HC700 Q & strobe
2469~ BD 1A C7 sTA $C71A
246C— 71 AD ADC ($AD) . Y
T 21 AD STA (5AD) . Y
. 2470- 90 06 BCC $2478
L 2472~ A% 00 LDA #5000
(:’/; 2474~ 71 AR ADC ($AR) . Y
2476~ 21 AR sTA ($AR) . Y
, 2478- 88 DEY
2479~ AD 0& C7 LDA $C706 I
247C—- 8D 1A C7 sTA SC71A )
247F~ 71 AD ADC ($AD) .Y
, 2481~ 91 AD sTA ($AD) . Y
. 24873- 0 06 EBCC $248R
| 2485- AT 00 LDA #$00
. R2487- 71 AR . ADC (SAR) .Y
. 2489- 91 AB STA (HAR) . Y
' R4BR-— 88 DEY
,  248C~ AD 04 C7 LDA $C704 Q, & strobe
24BF- 8D 1A C7 sSTA $0710
2492— 71 AD ADC ($AD) . Y
2494~ 91 AD sTA ($AD) . Y
| 24946- 90 06 BCC $249E
2498~ AT OO LDA H#H00
v 2490- 71 AB ADC ($AR) . Y
2490~ 91 AR sTA (SAE) . Y
249E~- 88 DEY
249F — AD 0OA C7 LDA SC70A I3
. 24A2- 8D 1A C7 5TA $C71A
PAAS— 71 aD ADC ($AD) . Y
| R . 24A7- 91 AD 8TA ($AD) . Y
LoRAp9— 20 06 RCC $24R1
| R4AB— A% OO0 LDA #H00
| " 24AD- 71 AR ADC ($AR) . Y
f . 24AF- 91 AE STA ($AR) Y
24R1~ a8 DEY
24R2— AD 08 C7 LDA &C708 Q3 & strobe
RARS— 8D 1A C7 sTA $C71A
. 24B8~ 71 AD ADC ($AD) Y
I 24pp- 91 AD sTA (5AD) . Y
| 24BC— 90 04 ECC $24C4
. 24BE- AT OO0 LDA HHOO
240C0- 71 AR ADC ($AR) . Y
L R4C2- 91 AR 8TA (HARY L Y
. 24C4- 88 DEY
2405~ AD QE C7 LDA $C70E I,
¢ 2408- 8D 1A C7 8TA $C71A
24CE~ 71 AD ADC ($AD)Y . Y
| 24CD- %1 AD sTA ($AD) Y
I R4CF- 90 06 RCC $24D7
. 24D1- A% 00 LDA #E00
«  24D3— 71 AR ADC (SAR) . Y
. 24D5- 91 AB STA ($AR) Y
L 24D7- 88 DEY
, 24DB~ AD OC C7 LDA $C70C Q, and strobe
' 24DB- 8D 1A C7 STA sC71A
, 24DE- 71 AD ADC ($AD) , Y
24E0- %1 AD sTA ($ADY . Y
. PAER~ 90 06 BCC $24EA
24E4— A% oo LDA #$00
. RP4EL&— 71 AB ADC (3AR) . Y
24EB- 21 AR STA ($AB) . Y
. 24EA- 88 DEY
© R4ER- CO FF CRY #SFF
, 24ED—  FO O3 BEQ H24F2
24EF - 4C 53 F4 JMF $F 457 next height
. 24F2- ab 18 €7 L.DA $C718 signal "end of buffer” (not used by COHRTW system)
. 24F5- 50 RTS
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24F8- AS EL LDA $E1  local/test mode? Send data and status to #2
24FA- FO 01 REDR $24FD no,so do send

24FC~— 60 RTS yes, so no send.

24FD- EA NOF

24FE- EA NOF

24FF ~ EA NOF

2500- A7 28 LDA #4228 select DDR
T R502~ ap 17 C7 87A $C717 '

25085~ A7 FF L.DA #EFF all bits o/p

2507~ 8D 16 C7 8TA $C716

2500~ A? 2 . LDA #$2C select port, strobe CB2 on STA port
2E0OC- 8p 17 C7 STA $C717

250F— A2 FF LDX  #$FF send bit amp data, 256 bytes(=8bits/Rx/Comp/ht)
2511~ BD 00 Q2 LDA $O200 . X :

2514- 8D 16 C7 8TA  $C716 load data (auto stribe) into port

2517- 2C 17 C7 BIT $C717 wait for response from #2

251A~ 106 FR BFL. $2517

2510 AD 16 C7 LDA $C716 ‘clear interrrupt flag

2851F - CA DEX next byte

2520- EOQ FF CFX HEFF last byte?

R2ER2- Do ED ENE 2511 no, so loop

2524~ EA NOF

pelaielat AR 08 LDX #$08 Ok, now send 8 byte of status info, same procedure
28527~ BS F7 LDA $F7.X

2529- ap 16 C7 STA $C716

252C- 2C 17 C7 RIT $C717

252F— 10 FB BFL $252C

25351~ AD 16 C7 LDA $C716

2534- CA DEX

2535- DO FO ENE $2527

puputuiegl EA NOP interrupt flag left clear at end

25I8- 60 RTS

2540- 0D 14 C7 ORA  $C714 TURN ON LED(s) INDICATED BY
2543- 8D 14 C7 STA  $C714 HTGH BITS IN A
2546~ 6O RTS ————
2550- 49 FF EOR #HEFF TURN OFF 1ED(s) INDICATED BY
2552~ 2D 14 C7 AND $C714 HIGH BITS IN A
2555~ 8D 14 C7 sTA  $C714 -
2558— 60 RTS o

2560~ AS E1L LDA $E1 local/test mode? READ COMMAND DATA FROM #2
2T62— FO 01 BEQ $2565 no

2564 60 RTS yes, so skip out

2565— A9 20 LDA $$20 .

Se47— =0 40 ES JSR $E540 turn on "in Receive CMD" LED

256A- A9 28 LDA  #$28  gelect DIR

256C— ap 17 C7 5TA $C717

256F- A9 00 LDA #3500 413 bits 1/p

2571- 8D 16 C7 5TA $C716

2574~ A% 2D LDA  #%$2D  gelect port, strobe on STA port

2576~ ap 17 Cc7 sSTA $C717

2579-  AD 16 C7 LDA  $C716 clear interrupt flag

2E7C— AD IO LDY #4700 loop to read 48 bytes

257E- 8D 16 C7 STA #0716 strobe CB2

2581- AD 17 C7 LDA &C717

Sega_ o PR BPL som81 wait for #2 response (bit 7 of cntl reg.)
2EQL— ap 16 C7 LDA #0716 read data (which also clears the irq flag)
2589~ 929 FF OO STA $0O0FF. Y save 1t temporarily at bottom of stack
258C- 88 ) DEY

258D~ DO EF ENE $257E

25aF - ap o1 ot LDA $0O101 test whether comm. link check bytes correct
2592~  FO 0D BER  $25A1 Ok

2594— A9 01 L.DA HE01 Bad: turn on "Comm. Err" LED

2596— 20 40 FS JSR $FS40

2599~ AS FE LDA SFE and save error status condition in status byte for #2
Z259R- 0% 02 ORA HE02

209D 85 FE STA $FE

259F- DO 07 ENE $25A8 forced branch

25A1-  AD 00 O1 LDA #0100 test other check byte

25A4- C? FF CMF #EFF

25A6— DO EC BNE $2594 Bad.,

2EA8— AR 20 LDX BE20 Move gains to normal storage area

23AA/— BD ©1 O1 LDA $0101,.X

25AD— 2?5 BF sTA $BF. X

25AF - ChA DEX

25R0- DO F8 EBNE $25AA
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DE5RD~ a2 04 LDX #$04 get other param (DLY,GSEP,CLKIN, rec length ...etc)

254~ ED 26 01 LDA $0O126. X

25R7~ 95 ES 8TA $ES, X

25E9- CA DEX

25RA~ Do F8 BNE $25R4

28RC—- AD 26 01 LDA $0O126

25EF— 85 EB STA  $ER L (4sewd$)

285C1- 85 EE STA $EE

28C3~ AD 25 01 LDA $0125

25C6- 85 EA STA  $EA Wo(e Y (vsawy =g )

25C8- 8% EF STA $EF

25CA~ AD 24 01t LDA $0124

250D~ 85 At 8TA  $AL }‘/ load bit-amp counter (8 bit-amps per send)

25CF~- A? 08 LDA #£08

25D1~ 85 AL STA HA0 { ok, NOW is normal COHRTW run wanted, or special cmd?

25D3-. . AD ZF 01 LDA $012F = normal
. 25D6-~  FO 03X BEQ  $25DE = special (e.g. accept program and run it)
A1 -4 -_—

E;gg— gg’ ;g F8 igz :Zgﬁo — turn off "in receive cmd" LED

25DD~ 4C S50 F9 JMF $F550

2580~ 2 1C LDX #$1C ’ INITIALIZE PIAs

25E2— EC 18 CPX #$18

2S5E4~ FO 08 BEQ $25EE

25E6~- AT OO LDA #$00 select DDR

25E8~ 9D FF Cé& STA SCHFF X

25EE- 9D FE Cé6 STA  $C&FE, X set all bits i/p  (will change a couple later)

2REEE—~ CA DEX

25EF— CA DEX

25F 0~ DO FO ENE $25EZ

ASF2—

5;::;_ gg T; c7 'égz :é’;fz set = o/p (gains and clocking control)

25F7- 8D 14 C7 STA  $C714 LEDs (all o/p)

25FA- 8D 1A C7 STA $C71A external raw data port(all o/p)

25FD- A% CO LDA  #3CO Tx cntl,test switch(s) etc {nput/output )

28FF~ 8D 10 C7 STA $C710

2602- 2 1C LDX #+1C

2604~ EO 18 CFX #4618

SL06—  FO 05 BE@  $260D o ,

26‘:)8_ A7 2p - LDA #$2D set control regs. of PIAs 4nd select ports)

260A~- D FF Cé STA $COFF, X

PDEOD— ca DEX all cntl regs: irg on J CAl

260E~ CA DEX (but irq line only connected on Rx galns/

260F - DO !f'c'- BNE $2604 clocking board)

2611- A9 OO0 LDA  #300 turn off all LEDs

26132~ 8D 14 C7 STA $C714

2616- A9 40 LDA  #340 turn off Tx (not used)

2618- 8Dh 10 C7 8STA $C710

2618~ 60 RTS

2620-  AZ 04 LDX  #$04 REVERSE COHERENT SUM STORE

2622~ BS AL LDA $A6. X ADDRESSES

2624- 48 FHA Aok

2625~ BS AA LDA $AA X

2627- 25 AL STA - TAT- 0 §

2629~ 68 FLA

262A- 25 AA STA $AA, X

262C- cA DEX

262D DO F3 ENE $2622

262F~ &0 RTS

2640~ A9 04 - LDA #4304 o unter GET 1/Q or Q/I for selected height

2642~ 83 EC STA $EC / hﬂiOO/ .

2644- A0 0B LDY  #$08  point to L x o/ m max

2646— B9 5F 09 LDA  $095F.Y H, (I,) (top bit set in byte if Q/I)

2649- 88 DEY

264A— D9 BF 09 CMP  $O95F.Y H, ()

264D~ DO LE ENE  $266D

264F- 8 INY

2650- B9 &7 09 LDA $0967.Y H1

2653~ 88 DEY

2654~ D? &7 0% CHF *0267.Y first see whether I»Q or not

2657- Do 14 BNE $2466D

2659~ c8 INY

265A4- B9 &F 09 LDA $096F .Y

265D~ 68 DEY >

265E- D? &F 09 CMP $096F,.Y

2b661- DO OA BNE $266D

2663-  EA NOP I & Q exactly equal, so ratio = 100

2664~ EA NOF

2665~ AL EC LDX $EC

2667~ AT b4 LDA #3664 = 100

Db c8 INY and leave Y pointing at I

266A~  AC FD Fé IMF $F&FD skip out to store result

266D- 0 46 BCC SRORS see 1f I>Q
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266F—
2670~
2672~
2674~
2676
2677-
267A-
267D-
2680~
2681~
2684-
2686-
2689~
268R-
268BE~
268F —
2690~
2691~
2694-
2697-
269A~

2698-

269D~
26A0~
2OAZ—
26A4—
2OA6-
26049-
26AA—
26AC-
26AF~
26B1-
2ORI—
ROHES~
26Bb6—
26B8—
26RA-
26RC~
26RD-
26BE~
2601-
26C4~
2607-
26C8-
26CR—
26CD-
26D0O-
26D2-
26DS5—
26D&—
26D7-
26D8~
26DB-
26DE~
26EL1-
26E2-
R6E4~
REE7—
26E9-
26ERB~
26ED—
26FO—
26F1—
RGF I~
2oF &~
26FB-
26F9-
26FA-
REFR-
26FC—
26FD-
R&FF—
2702-
2704~
2705~
2706~
2708
270A-
R70D~-
270F~

2712

ED
00
ED

5F

&F

-

&

6F
Fo

F1
10

Fi
EOQ
FO
80
48

ED
(a]e}
ED

EC

ED

EC
03
44
E2
FE

09
Qe
09
09
09

0

09
09
09

09

FB8

F7

09
02
02

09
09
09

FB

F7

Fé

02

INY

ROR

JSKR
FLA

ROR

EBNE

ROR

BNE
LDA
STA

JSR

JU 17 %90 (ljéj

$ED
HE00
$ED

$0P5F, X
067 . X
$096F, X

$OFP5F, X
$2676
0267 X
$2676
$096F , X

$O95F . X
$0967.X
$0P6F, X

$2690

$OFEF . X
$FO
#464
$F1
$FB10

$F1
sF7EO
$FO
#4680
$26FD

1ya

divide by 2 until I fits in 1 byte, and
save the number of shifts in Y

= 1/2"

divide Q by the same amount

= Q/gn
= 100

multiply to get 1009/2" in F3(H),F4(L)
get back I/2

divide

= result = 100Q/I

set bit-7 to indlcate sense of ratio,
go to store result

$ED
#$00
$ED

$095F . X
0967 . X
$096F , X

HOP5F . X
$26RD
$0947 X
$26ED
$096F, X

$0O9GF, X
$0F67 . X
$096F . X

$26D7

| H096F, X

$FO
#4564
$F1
$FB810

$F 1
$F7EO
SFO

HEC
#0299, X
$ED

$EC
$270D
$Fb646
$EZ
SO29E

QvI

exactly the same procedur as above
but I and Q reversed, and o/p is

n
100 1/2 with bit-7 cleared

/2"

result
store flagged ratio
move pointer to next Rx

save the selected height pointer in the o/p store
($2¢ = lowest height = ht#0 ) for CPU#2 display
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LDA

A DA ¥ set bit-check Tequest RECORD INITIALIZE
2724~ 85 A3 STA $AT set "1st pulse in coh.J"flag
2726— A5 EL LDA  $E1 local/test mode?
2728~ FO 05 BEQ $272F no
2720~ A9 02 LDA #4072 yes,so turn on "local oper." LED
D7RC~ 20 40 FS JSR  $FS540 o
272F - A2 BB LDX H#HEB clear Zmag, imag i and H,,H,,L (stores for
2731- A9 00 LDA #3300 selected ht.)
2733~ 9D BF 08 87TA $OBEF ( X
2736~ CA DEX
2737- DO FA EBNE $2733
2739~ 20 &40 F5 JSR SF540 go to read command data from CPU#2
273IC-  AD ZE Of LDA  $O12E save "skip LTMs" info (bit 7=1 if skip)
27IF~ 85 FD STA $FD
2741 20 RO F8 JBR $FBRO send gains and I,D, & test data to external port
2744~ EA NOP
2745- EA NOF
2746~ EA NOP
2747~ EA NOF
2748~ aAS Eb LDA $E6 load coherent 5 pulse counter
274A— 85 Ab S7A $Ab
274C- AZ 00 LDA #$00 clear "data ready for analysis" flag
274E- 8% AS STA $AS
2750~ A7 00 LDA #$00 clear "data ready to send" flag
2752- 85 A4 STA $A4
2734~ &0 RTS
i

i
2760- AZ 20 LDX H$20 height entr
2762~  BD DF 0B LDA  $0BDF.X Zmag(L) ACCUNULATE MPAN MAGNTTUDES
2765~ 85 9F 8TA $9F
2767- EBD BF 08 LDA  $OBEF,X &mag(H) (done once for every 8 coh. aves)
E;:g— E;g’ 7E g[g $9E NB: mag is done over 4 Rx's and
S7eD— 66 OE ROR  $9E d1v-by-2 _gzco:; szs., _Isi:_ghave to div-by
276F— 66 GF ROR H9F
2771- A4 9F LDY $9F
2773~ B9 00 FC LDA $FCOO. Y
2776 A4 9E LDY 9 and use nybble transfers
2778 19 00 FH ORA $FROO,Y to get Z\nag /32 = mag
2778~ 18 cLC
2770~ 7D IF 09 aAbpe $O9IF, X add result to zng accumulator
277F- D IF 09 STA SOFIF X L
2782~ 0 08 Bcc $278C (S
2784-  FE 1F 09 NG so7iF,x  Hyof & mee
2787~ DO O3 BNE  $278C o
2789~ FE FF 08B INC $OBFF . X H2
378C— AT 00 LDA #3500 at the same time, clear fn’la-.—é store to be rdy
278E~- gD DF 08 STA $08DF,. X for the next 8 coh. avgs
2791~ . 9D BF 08 = STA . $0BBF,.X _ . .
2794~ CA DEX -~-- next height
2795- Do CB BNE $2762
2797~ 60 RTS
2780- A9 0O LDA  #$00 Dbottom ¢f interval SQUARE ROOT
27A2- 8% 98 STA %78
2704~ A? FF LDA #$FF  top of interval method is to look up squares of
27A6~ 83 99 STA 99 end points of an interval
27A8~ 2 09 LDX #$09 do 8 iterations containing the value, and
278A~ CA DEX successively reduce the inter-
27AE~ FO 2 BEQ $27CE done! val size by % each iteration,
27AD- AS 98 LDA $98 keeping the value inside.
27AF~ 18 CLC get centre of interval
27R0O- 65 99 ADC 59
2782- 6A ROR
27BE~ AB TAY in Y 2
27R4- B9 00 FE LbA  $FE0O,Y and look up Y“(H)
27B7~ CS 9C CMF $9C (;Smpa.re with H-byte of ipput number
2789~ 90 OF BCC  $27CA 5 1s smaller than (1/p)°,so0 replace lower limit with Y
27BB- DO 09 BNE $27C6 Y~ is greater " " " " upper " oo
27BD- B9 00O FD LDA $FDOO,Y high bytes are equal, so test low byte
27C0- C5 9B CHF $98
2702~ FO 0A BEQ $27CE s§ill equal, so Y is the SQRT! how about that!
27C4- 20 04 BCC $27CA Y, is smaller
27CH- 84 99 sSTY $99 Y~ is larger,so replace upper limit with Y
27C8- DO EO BNE $27AA -sforced branch
27CA- 84 98 STY 98 Y™ is smaller,so replace lower limit with Y
27CC~ DO DC BNE $27AA --forced branch
27CE~ 98 TYA leave the SQRT value in A
27CF - 6O RTS
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DIVIDE ROUTINE

MULTIPLY ROUTINE

Fg*F1 = F3(H), F4(L)

LOAD AND SEND FINAL PARAM.

(used to set gains)

27E0~ A? 0O LDA #H00

27E2~ gS FO ;T( STA $FO “

27E4- X BS F2 3TA &PA° sF2 |

27E6- A2 08 LDX  ##$08 F3(H),F4(L) + F1 = Ff
27E8- 18 CLC remainder in F4
27E9~ &6 F1 ROR $F1

27ER— b6 F2 ROR I =) n.b, result must be 1 byte
27ED-  AS F4 LDA  $F4 \ A vers

27EF- I8 SEC TR i

27F0-  ES F2 SEC  $F2 UGS minve e

27F2~ 85 FS STA $FS ( ¢

27F4— AS F= LDA $F3 :

27F6— ES F1 SEC $F1

27FB~ Q0 06 BCC $2800

27FA- 85 F3 STA $F3

27FC~ AS FS LDA $FS

27FE- 85 F4 STA $F4

2800~ 26 FO ROL $FO

2802~ CA DEX

2803~ DO EZX ENE $27EB

2805- 60 RTS

2810- AZ 08 LDX #408

2812- A? 0O LDA HH00

2814~ 85 F3 STA $F3

2816~ 18 ELE

2817- 2A ROL

2818- 2 3 ROL $F3

281A- 06 FO ASL $FO

281C- 20 08 BCC $2826

2B1E- 18 cLC

281F- 65 F1 ADC $F1

2821- Q0 03I ECC $2826

2823~ E6 F3 INC $F3

2825- i8 CLC

2826— CA DEX

2827- DO EE ENE $2817

2829- 85 F4 STA $F4

2828~ 60 RTS

2830— AQ 20 LDY #$20 height loop

2832- 98 TYA -

2BII— an TAX prepare data so can use Zbyte/lbyte
°g34— 20 30 FA JSR SFAZO. division routine to get

2877-  EA NOF — e

2838- EA NOP

2839- EA 1 % NOF

2840 20 EO F7 JSR sF7EQ divide to get mean (sum of mean mags)
28473- AS FO LDA $FO

2845- 99 DF 02 STA $OZDF .Y store result in o/p store going to CPU#2)
2848- 88 DEY next height.

2849- DO E7 ENE $2832

284E— Ao 40 LDY H$40 get LTMs (8 gains-times-8 channels= 64 LTMS)
284D- E? FF 07 LDA $0O7FF.Y

2850- ?9 9F 02 STA $029F,Y

2853~ 88 DEY

2854- DO F7 BNE $284D

2856—- A% 0O LDA #4$00

2858- 8D 79 02 STA  $0279 set comm. link check bytes $ff & $FF
2859RB- A? FF LDA H#$FF

285D- 8D 78 02 STA $0278

2860- A5 El LDA  $E1 in local/test mode?

2862- DO 18 ENE $287C yes, so don't send anything

2864- EA NOF

2865- EA NOF

2866— A0 B8 LDY  #%$88 Ok, send $88 bytes

2868- B9 77 02 LbA  $0277,Y 7read from store

286BR— 8D 16 C7 STA $C716 and store in port (auto strobe on STA)
286E- A[? 17 C7 LDA $C717 wait for handshake

2871- 10 FR EFL $286E

2873- AD 16 C7 LDA  $C716 clear flag (handshake)

2876— 88 DEY next byte

877 DO EF ENE $2868

2879- EA NOF
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287A- EA NOF e e e

287 E— EA NOE Took for best helight To do I/Q,Q/I stuff
2870 a9 FF LDA BEFF for next record, want the height with
DETE- 85 Fb sSTA $Fb magnitude closest{to 128

2880~ AZ 20 LDX HE20 height

2882- ED DF 02 LDA $02DF. X get magnitude

2885- 8 SEC

2886~ E? 80 SEC #480 minus 128

2888- BO 04 BCS $288E +ve

288A— 49 FF EOR HEFF -ve,so get abs value

288C— &9 01 ADC #$F01

2BRE— CS5 Fé CHME “Fb closer to 128 than any previous difference?

2890~ EO 04 BCS $28%26 no

2ReR— g6 E2 STX $ED yes, so save height pointer in permanent store, and
2894— 85 F& sSTA $F & save difference.

2896—  CA DEX Next height

2897- DO E9 ENE $2882

2899~ AT 0O LDA  #$00 Clear "test mode" flag

29— a5 Et sTA SE1 (if any), so next record is under normal control.
289D—~ 8D 14 C7 STA  $C714 turn off LEDs :

28A0— A? 40 LDA #%40 - 0°

e 13 o A C7 ota it 8 turn off Tx (not used), and set phas-e.— 0

28A5— 60 RTS

28RB0O— AZ 20 LDX #$20 SEND GAINS AND PARAM TO EXTERNAL
28R2- ES BF LDA $BF. X 32 EAW DATA PORT (not used by COHRTW}
28EB4- 8D 1A C7 STA $C71A galins

28R7- CA DEX

28EB8- DO F8 ENE $28R2

28BA- 2 03 03

2323- £ = tg: izé' . DLY,CLKIN,GSEP (not necess. in tha_florder!)
2BRE~ 8D 1A C7 STA $C71A

28C1~ CA DEX

28C2- DO F8 ENE $2BEC

28C4- AP DO LDA  #$DO I.D. "P" = $Df hex = "PARK"

28C6- 2 00 LDX #$00 other I.D.s will be

28C8-  FO 06 BEQ@  $28D0 "X" portable ($D8) , 7y
28CA-  BA TXA 's" gywvan L. FP3)
28CB- 8D 1A C7 STA  $C71A "L" London $cc

28CE- 49 FF EOR #5FF

28D0— ap 1A C7 STA $C71A the rest of the 256 byte "buffer" is filled with
28D3— CA DEX test dat, to see if link to external system
28D4- EO 91 CFX #5371 is ok. Starts: 00,FF,FF,00,FE,01... (I think)
28D6— DO F2 ENE $28CA

28D8— AD 18 C7 LLDA $C718 send "buffer full" signal

28DR-— A9 00 LDA #%$00

;ggg_ Eg :Jlg’; and wait for v .16 sec, so external system
—~8DF - EA NOF doesn't get hit with 2 buffers full too fast
2EEO— =8 SEC WAIT

Z28E 1~ 48 FHA

ogER— ES 01 SEC BEO1 routine from apple monitor
~QE4— DO FC BNE +28ER length of delay dependes on A
2BEL— 68 FLA

28E7- E? 01 SEC #H01

2BE9= DO Fé ENE $28E1

28ER— HO RTS

»gF0-  AD ZF 01 LDA  $01ZF B Special Command Sorting

;_sg::;;_ Eg mg'; There is only one special command at present
égpg_ EA NOF so this routine does nothing.

28F6—  4C A0 F9 JME $F9A0
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#EBO . off"test ok" LED  System SELF-TEST @

2900~ AZ BO L.DA

2902- 20 S0 FS JSR $FS50

29'?5_ 65 EE LDA $FE indicate “test bad" in status going to #2
2907— 09 04 ORA #$04

2909~ 85 FE STA $FE

2908~ A9 08 L.DA #$08 4turn on "test bad" LED

290D 20 40 F5 JSR $F540

2910~ A7 00 LDA #8300 Do checksum FEPP-FEFF to test EPROM

2912- 85 19 STA $19

2914— A% FO LDA #$FO

2916— 85 1A STA $1A

2918~ A0 0O LDY #$00

291A- AZ 00 LDA #$00

291C- 85 1R STA $1R

291E- 85 1C STA $1C

2Q20- g1 19 DA ($19) .Y

2922 18 CLC

2923~ 65 1R ADC $1R

2925~ 85 1R STA $1B

2927- 90 02 BCC  $292B

2929- Eé 1C INC $1C

292B- ca INY

292C- DO F2 EBNE $2920

292E~ Eb& 1A INC  $1A

2YE0- AS 1A LDA $1A

2932~ Ce FF CMF #$FF

2934— DO EA BNE $2920

2936 AS 1R LDA $1R

2938 CD DE FF CHMF SFFDE L compare with correct checksun stored on EPROM
2938~ FO 02 REG $293IF

293D- DO 07 BNE $2946

293F - AS 1C LDA $1C

2941 CD DF FF CMF $FFDF H

2944- FO O3 BEQ $294B

2946- A9 04 LDA  #304 test BAD!! so 1light LED (“analysis too slow")
2948- 20 40 FS JSR $FS40

294E~ , A2 02 LDX #8072 Now test RAM by storéing 00 (1st loop) and FF(2nd loop)
294D~ AR OO0 LDA HEOO in each RAM byte and reading back
294F- 85 1B 5T $1m = test byte (ist loop)

2951- A0 OO L.DY #H00

2953~ B84 19 STY  $19 start at $20f (can't mess up stack!!, so dodge it)
2955 A9 02 L.DA HHO2

2957~ 85 1A STA 1A

2959- A5 1R LDA  $1E get test byte »

2958~ 1 19 STA ($19),Y save it

295D- Bl 19 LDA  ($1%),y get 1t back

295F- €5 1R CMF  $1E is it the same?

2941~ DO 34 ENE 2957 no, grrr! so bad ram , skip out

nNOLT— ca INY ok, next byte to test

2944~ DO F3 BNE $2959

2964—  Eb& 1A INGC  $1A next page of RAM

2968- AS 1A L.DA $1A

2948~ CY 08 CMP #4008 trick to dodge over LTM store (otherwise they won't be
294C— DO 04 BNE  $2972 LTMs!!) $800-8BF
296E~ AT CO LDA #4CO

2970~ 85 1% STA 419

2972- 9 oA CMP HH0H end at $9FF

2974 DO E3 BNE $2959

2974 A9 FF LDA HEFF for next loop, store and read $FF

2978~ 85 1R 8TA $1HE .

297A~ CA DEX

297R- DO D4 EBNE $2951

297D- . AD 14 C7 LDA  $C714  RAM ok

2980~ 29 OE AND #H0OE Was the "TEST BAD" LED the only one ‘on' ?
2982- e o8 CHMP #%$08

2984~ Do 10 ENE $2994 No, so the EPROM test must have been bad, so leave as is
2986~ A9 OE LDA #HE0E Yes, so turn off all red LEDs (except comm link err.)
2988- 20 S0 FS5 d5R ®FS50

2988~ A% 80 LDA #$80 and turn on “test ok" LED

298D- 20 40 F3S J5R $FT40

2990- AS FE L.DA $FE

2552~ 59 FR AND HEFR and clear message from status byte

2994~ 85 FE 8STA $FE -

2996 )

229?— 2(‘:? 02 ﬁ;i #3072 RAM test bad, so light "In local/test mode” LED
2999 20 40 F5 JSR SFES540 and leave "test BAD" LED on.

299C— &0 RTS
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APR
29A0-  AD 2E 01  LDA  $01zE R "Load & Go"
29AZ- 85 01 STA %01 program start addr. . program from CPU#2 and
29A5-  AD 2D 01 LpA  $012D L from header Tun it,
29A8-  B8F 00 STA %00 ‘ (48 byte header has already
29AA-  AD- OO0 LDY - #$00 been read)
29AC~- 20 EO F8 JSR $FeEO | 0.3 sec delay
29AF~ 20 EO FB ISR $FBEOQ
29E2~  EA NOF
I9RI~  EA NOF'
29R4- 8D 16 C7 8TA  $C716 strobe to #2 (continuation of read started
297~  AD 17 C7 LDA #0717 walt for hndshk in header read)
29BA- 10 FR BFL  $29R7
Z9EC-  AD 16 C7 LDA #0716 read byte
29BF ~ ?1 00 STA ($00), Y store it
Z9C1i~  E6 0O INC 400 next byte
29C3- DO 02 ENE  $29C7
2905~  E6 Ot INC  $01 next page
29C7- CE ZB 01 DEC  $01ZE decrement byte count L
29CA- DO EB ENE  $29E4
29CC- CE 2C of DEC  $012C decrement byte count H
29CF~ 10 EZ EFL  $29R4 ‘ ..
528‘1’2— gg mgg NB:"in read cmd" I1ED remains on during
2903~  EA NOF program read
29D4- AZ 02 L.DX #HO02 Now show that program has been read and
2IN6~ DO OFE RNE $P9ET started:
2908~ 20 00 FA ISR $FAQQ
29DRE~ AR 20 L.DA #$20 "in read emd"LED:
29DD- 20 40 F5 ISR $F540 ¢) b see
29E0~ 20 00 FA JSR  $FA0O0 on
29E3I~ A% 20 LDA  #$20
29ES- 20 50 F5 JSR  $F550
29E8-  CA DEX obf
29E9~ DO ED BNE  $29D8
29ER-  AD 2E 01 LDA  $012E
29EE~ 5 01 STA %01 load start address start when LED goes
29F0-  AD 2D 01 LDA  $01ZD off for the 2nd time
Z9FI~ 85 00 STA  $00
29FS—  6C 00 00 JHME_ ($ooooy  and GO
29F8~  FF PRI
29F9—  FF
29FA-  FF
Z9FE~  FF
29FC~  FF
29FD~  FF
I9FE~  FF
29FF~  FF
2A00~ A 05 LDY H#B05 DELAY
;2::5_ ég EC F8 JSR #FBEO approx 1 sec for 1MHz CPU elock
2A06G~ DO FA $2A02
2A08~ 60
TRAO9=  FF
20008~  FF
ZACR-  FF
2A10~ A5 ER $ER L byte Decrement "Send" Counter
2A12- DO 02 $2A16
2ALs-  Co EA SERH byte on resut = sere o)
2Al6~ C6 EB $ER ’
2A18- DO 08 $2ADD
< — =
Egig_ 2: Eg :ESEO I know this looks complicated,
2A1E- 10 04 $2A24 but it works and I can't think of
2AR20-  C6 EA $EA
BART— as Ea SEA a more obvious/shorter way!
RAZ4- b0 I.E.It has to work for f#ig,uf; §1,48; g1,8p
2A25-  FF for example. N,
2AR6-  FF L
PAR7-  FF
DARB-  FF
DAZ9~  FF
2AZA-  FF
2AZE-  FF
2AZC~  FF 27
2AZD-  FF P
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2ATO-
2ATZ-
Z2AT4-
2AT6~
2AZ8~
2AT9~
2ATC-
2ATF-
2A42—
2A47T—
2A4S-
2047~
2A4A—
ZAAD~
2A4F-
2A52-
2AS4-
2AS5-
2AS6—
2057~

EE
F1
EF

12

FF
iF
IF

EF
F1
=4
1F
F3
IF
Fa

08
09
09

FA
09

09

LDA
STA
LDA
BEG
cLC
ROR
ROR
ROR
CcLC
ROR
ROR
JMF
LDA
8STA
LDA
8TA

RTS

2
277

el

$EE L of # sends

JUL 17 1990

Prepare for divide

#F1 keep in divisor
$EF H of # sends

$ZA4A

HOBFF . X
$0F1F, X
$OPEIF, X

$EF

$F1
$FAT4
$OFP1F (X
$F3
$OFIF, X
$F4

if = gzero, then simble 2byte/lbyte div.,so out

shift down Zjaag and # sends until #
sends 1s one byte, then use normal divide

loop
ok, so to save space&time put
H in dividing routine variable here

and L
now every thirg is ready for divide
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OOO10203

Z2EO0: 00102030
2R20: 00102030
2B40: 00102030
ZE60: 001020320
2B80: 00102
2BAO: 001020
2RCO: 001020

P R R NUAL W P A AR

2040: 04040404
RCOHO: OLHOLOLOE
2C80: 08080808
2CA0: OAVADADA
2CCOx 0COCOcoc
2CEOQ:; OEOEOEOE
2D00: 00010409
2DR20: 004184C9
2D40: 00810489
2D60;00C18449
2D80: 00010409
2DA0: 004184C9
2DCO: 00810489
2DEC: 00C18449

FEZ20: 04040404
2E40: 10101111
RELO: 24242526
2EB0: 40414243
2EAQ: H4656667
2ECO: 909192394
2EEQ: C4CSC7CT
2F00: 8OBOB08D
FF20: 80808080

kctok s IRQ final add

04050607

40506070
A40TOL070
40506070
40506070
40506070
40TO6070
40506070
40506070

RPFELT FUL T A

04040404
OLO60606
08080808
OAOADADA
QCOCOCOC
OEQEQEQE
10192431
1089A4F 1
109924R1
10D2A471
10192431
10592A4F 1
10992481
10D2A471

050503503
12121713
27272829
44454647
APEALRLE
R697997A
CRCCCEDO
80808080
80BOBOBO
010101018

0BOYOAOR

80OF0A0ORO
8OFOAORD
80OFOAORO
BOYOAORO
BOPOAORO
BOFUAORO
BOF0A0ORO
BOF0OAORO

SR SRR

04040404
QLO60606
08080808
QACAOANA
OCOCOCoe
OEQEOQOEOE
40516479
4091E4E9
40D164F9
4011E4R9
40516479
40Q1E43E9
40D164F9
4011E4RQ

QLOLOL07
14141515
ZAZRZR2C
48494A4E
LELF7072
FCIDIFAC
DZD4DED7
80808080
80808080

Q2020202

oCALOO4
Ly

used after brk/irq test)

JUL 7 1890

OCODOEOF

CODOEOFO
CODOEQFO
CODOEOFQ
CODOEQFOQ
CODOEOFO
CODOEOFO
CODOEQFO
CODOEOFO

Q2020202
04040404
06060606
08080808
QACGAOAOA
QCOCOCoC
OEOEOEOE
FOAFCAEL
QOEF44A1
F029C461
0694421
FUATCAEL
FOEF44A1
029C461
Q0694421

07070808
16171718
2DZEZFZ0
4C4DAE4F
73747677
AZALASAT
DIDEDDDF
80808080
8080B0L80

10111212

Q0102030
001020730
OO102030
0010203C

00102030
00102030
QOL020T0
01010101
NE030505
Q7070707
09090909
ORBORORBOR
oDODODOD
QOF OF OF OF
002144469
0061C429
O0A144E9
OUEICAA9
002144469
00610429
OOAL144E9
OOE1C4A7
01010101
QR090%0A
19191A1A
Z1313233
S15253254
797A7R7D
APAAACAD
E1E2E4ESL
80808080
80808080
04040404

14151617

40506070
40506070
40506070
40506070
40506070
40506070
40506070
40506070
01010101
05050505
07070707
09090909
QROBOROE
QDODODOD
OF OFQOFOF
FOBRPE4 11
FOF264D1
PUIYE4LF1
0796451
QOURIE411
Q0FF64D1
FOIFELF
Q0796451
01010102
OAOAQOROER
1BICICID
243783637
59565709
7E7FB8182
AFB1R2R4
EBEAECEE
80808080
80808080
05050505

OOO7H101

18121A1ER

g00A0R0
BO90A0R0D
80OP0A0RO
BOP0AORD
SO0ACED
8O20A0RO
B8OFOAORD
BOF0A0R0
01010101

OIOTOZOD
05050505
Q7070707
02090909
OBROROROR
ODODODOD
OF OF OFOF
407 1A4D9
40OR12499
40F1A459
40312419
4071A4D9
AQOR1249%
40F 1A459
403512419
QCOCODOD
1E1ELIF20
IBZPZAZR
SASESCSD
84858788
B&LB7BYER
FOFZ2F4Fé
g0808080
BOBOBOBO,
06060606

1CIDIELF

CODOEOFO
CODOEQFOQ
CODOEOFO
CODOEOFO
CODOEOFO
CODOEOFO
CODOEQOFO
CODOEOFO
01010101
QFOZOIOR
05050505
Q7070707
09090909
ORORBOROER
ODODODOD
QF OF OF OF
104984C
10890481
10C98441
100920401
104984C1
10820481
10098441
10020401
OEQEQFOF
2121222=
SC3EDZETF
BF604A162
BABRBDBE
BDRECOC2
FBFAFCFE
80808080
880808080

OOFOCOFL
L

Vecrwes: §MT RST IRQ

EPROM checksum

(NoT Corepr vfap 1)

N
9T4®} feoT

197t T-,X aTq®1 TeH

oTae3 H- X

o
v%.é

Q7070707 1,

store 1 and store 2 addresses

daba used in local/test oper.
#pulses to integr.

coh avg cntr,

& f1ip cmd

® select (0°)

ist pulse in integr, flag
# 8-avg recs to send (ie.rec.length)

othuer,
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Section III.: CFU#2 (correlation célculation5

CFUH2 detailed description (W) [page 551

Subroutine list (L) [page $73

Fort (FIA) address list (L) [page =81

Addresses for cross and auto storage vs. height (L) [page 391
L@ro-page usage (flags, counters, etc.) (L) [page 4017
Zero-page temporary bit-amplitude storage details (F) [page &4i]
Bulk storage map ($SERO-EBFFF) (F) [page 621

I/0 memory used in CFU#1 <=3 CPU#2 link (F) [page 4331
Communication link CPU#2 <=3 CFU#1 (F) L[page 643

S-min delay tripout on stuck system circuit (F) [page 641
Program listing (TOTALCFU#2R®=D/N) (L) [page 651




i

CRU#2 detailed description

General operation:

On start CPU#Z initializes FIA s, waits for a record start time (usually 0
or 5 min), sets the REC flag, clears correlation accumulators eto. A
non-maskable interrupt (NMI) is then sent to #1 and it waits for a interrupt
flag from CFU#1. It then sends parameters to #1 (including gains, amount of
coherent integration, number of sets of B coherent averages per record
etc...). Then the FIA control register is changed so that the next link with
#1 will start with a hardware interrupt generated by #1. In this and
subsequent interrupts (which are spaced by 8x0.533=4.27 sec) it takes 2356
bytes data (bit—amplitudes) and B bytes status from #1, and when it has
counted out the full record (as #1 is doing) it takes the final parameters
(688 bytes)[ At this point #1 is finished, and sits waiting for an NMI. I,
moves the data input pointer ahead entering zerces so that the analysis will
be finished once it catches wup with the data pointer, and clears the REC flag.

While the data are being read through interrupt prpcessing, the
correlations are continuwing in analysis. The present correlation routine
requires at least 10 bytes of bit-amps to runlviz 8 bytes data plus 2 hytes
overlap— the amount of overlap required is defined by the maximum lag, which
is 1&6), so it runs around all the heights looking for one with enough data to
run correlations. When enough data have been loaded in the interrupt
processing,it does cross, and auto numbers of l-matches cand #1%s calculation.
The auto correlations are totals over all antennas, but the #1°s calculation
(which would normally be just O-lag auto) is separated betwen antennas so that
separate means can be used in the calculation of cross correlations in CFU#E.

Since 8 bytes of bit amps (which takes 8x4.27 sec) are required per
correlation calculation, the total time available for one "partial
correlation® analysis at all height is 34 sec - however, this analysis has to
be completed after #1 is finished sending data, which will take one or two
more passes, so it’s best to have the correlation calculation as fast as
possible. By linear programming (program memory is no object) it was possible
to get the analysis down to 4 sec. So the analysis is finished 4-8 sec after
#1 stops sending data. The end of analysis is determined by REC=0 and the lack
of data to analyse in the previous pass over all heights Danother analysis
pass is forced by incrementing the # analyses counter at the end of the
record in interruptl. Then the gains for the next record are set, the FCA
results are taken from CRU#3 (the C128) and all the correlation data are sent
to #3(this will take 1-2 sec). CPU#Z must be ready for this!, otherwise the
system displays the "C128 NOT READY" message, resets the lst record counter
{(i.e next data from ClZ8 will be discarded), and continues.

Data entry and analysis pointers

A E2 byte store is assigned to each height/receiver/component (I or &) for
bit-amplitude storage. Data entry for all heights is always at the same
relative position in each store. The data entry pointer (as en by the
analysis), Doff, is always to the next data entry position, and is decremented
each time new data are received from CFU#1.L the first data are placed at the
top of the store- index %1iF1. If a decrement will make the index negative, it
is reloaded with %1F, so that the data are entered in a rotating fashion.
After the decrement, a check is made to see whether the next data will write
over some data still needed for analysis— if so, CFUHR displays "DATA
(VERL.OAD" and "stops" (see footnote, pg. ). There is no possibility of this
happening in normal operation because the analysis is much (8 times) faster
than data entry- it was added as a safety check in tests.

[
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There is a separate analysis pointer for each height: Acff (). These are
initialized to the top of the store ($1F) at the beginning of the record. Thies
running analysis regquires 8 bytes({é64 bit-amps) + 2 bytes (16 bit-amps overlap
for non-zero lags), so it must wait wuntil enough data have been entered —and
usually the analysis will be scanning all heights waiting for enough data. As
the analysis is completed for each height, its pointer is moved down by 8
bytes. I.e. the analysis pointer is to the ¥leastX recent data needed. Since
the data store is a multiple of B bytes, the analysis pointer is always
sitting at one of 4 values: viz. $1F, $17, $0F, or $07.

At the end of the record (determined in interrupt, just after the last data
are received from CFU#1), the data entry pointer, Doff, can be anywhere
depending on the length of record. [ For the %normal¥% 4.5 min data records =
64 data sets received from CPU#L, it will be pointing to $1F.1 10 bytes are
always needed in analysis, and to get the correct correlation results, any
extra data length required to complete the analysis must be zeroes so there is
no contribution to the number of l-matches. Two zero bytes (16 bits) are
needed beyond the end of data anyway for overlap. It can be seen (yes it
Cam....) that adding the least required amount of dummy data will result in a
value of Doff = $1D, 15, $0D, or $03. Note that this value is still one
beyond the “dummy® data entered. The table below shows this final value of
Doff versus that at the end of the record:

Doff at End of Rec Final Doff
$17-$1E H15
HOF-%16 HOD
$0O7-HOE H0O5
H1F, $00-506 41D

Note that this may require moving Doff down by as much as 9 bytes all at
once. I the analysis were slow, this might overwrite data in use, but since
the analysis is so fast, this is another case which will fneverk occur except
in tests. However, if it does, CFUHE displays "DATA WRAF AT ENDY and "stops”
(ses footnote, pg. 56 ) ’

Footnote: At present (CFU#2VT) the system doesn’t stop; it resets as if the
watchdog timeout had triggered, and increments an unused (LH top or bottom)
corner screen byte to indicate trouble. The appropriate "problems: " message i
left on the screen (unless overwritten by another later).

ii
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(Sub)Routine list-~ COHRTW CPU#2 (CRUBEW)

ADDR .

$F00- Initialize/start

&714~ Initializre/start keeping old gains

£940-  entry point after internal NI

290~ HStart normal operation

HFED-  Analyse

S870- Wait & check key commands (EOF,Breal, Man.start)
SACO~ Get key % check for break {crtl-R)

£ADD-  Update/adjust clock with watchdog reset
HAEO~ Update/adjust clock (no watchdog reset)
SRI0- Verity program by check-sum (1 byte)
RS0~ Decrement "receive data" counter

HRo6B-~ Display amount of integration

H$RBO~ Clear Correl store

FEAO-  sebt-up tables

$HEO- Record initialize

$CR0~-  Interrupt processing

$D34-- Initialize tape interface

D40~ Send CMD data to #l1

D30~ Heset gains(single hts)

SDRO-~  Sort data from #1 ‘

sE12- Turn on Tx rate (to mark tape store/dump)
$EZ0~ Display bit check status

SES0- Display analysis ht

$E70- Cross correlation (1 ht)

$15C0- Count#l’s for all I,0 ‘

£1640— Count#l’s in a seq of bytes \

H$1670~-  Auto correl (1 hit)

$1920~ Transfer 10 bytes of each bin seqg to zero page
$1950- NMI (on internal timeout) processing
%1970~ Tape dump{(incl. rdy chk and reset, and F.G. call
%1904~ FReset tape drive(load/on-line)

$19F8—~ Initialze tape reset/Tx cntl pia,Tx=off

H#1A10—- C128 communication
£1AR0- set Doff param for finishing analysis
$1R10- check for record start time

$1EZO-~ Display final param from CRURL

%1R40~ Display worst Ru offsets

SIEFO-1018 entries for TROUBLE mess.,and stop

BLCA0- Display diff*l gain for the 4 Ru's, and the selected ht
“V%1D10- Setup fixed screen display, incl char cdata

$1EDO- Set synch rate, T on/off,amt. of integ. based on GMT

%1F07—~ check for End OFf Tape

H1F20- increment scrn cntr for "HTR RSTY

S£1FZ0~ increment scrn cntr for "INTFCE RST

#1F50~ Fut file gap on tape and clear FG flag

£1F70~ Move C128 output to tape store and dump to tape if full.

$#1FRO—~ Fack analysed C128 data in tape store.

$1FD1—~ Display "CHESUM-ERR!" message, don’t stop

#1FFO~ Increment screen byte — as "problem occurred" message

‘{’ l (: t‘»f};

Couveer A o BCD AccTy
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clco
£oc 1

Cocz:
Cocx=

CS00
C301

cCEOw

CH0a

COFO
COF1
COF2
COFE
COF 4
COFS
COF&
COF7

CFRUH#2 FIA lis

t

comm. link

spare port (but has to be wired up!)

comm. link

CE2 used as
drive status
read data
write data

control

to CFRUHZ (C128)

to cpul

MMI cntl cpudl

tape interface

(slot 7 )
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HT#

Y
ot o

Sl
Z0
29
28
27

~
i

o
o)

24
o
ey 1t

)
ra

21
20
19
18
17
14
13
14
1=

i
sl

11
10

=R R MO0

e v et S oo S e B e S e e S o T . i S S i i S Sl G e P S S8 o U S S TR e S 4 it s e e =

(142Km)
(139Em)
(1Z36Em)
{(133Em)
(1Z30Em)
(127FEm)
(124Em)
(121Em)
(118Km)
(11SEm)
(112Em)
(109kEm)
(106KEm)
(103Em)
(100Em)
97kEm)
F4km)
F1km)
88k m)
85km)
82Em)
77km)
7&km)
73 Em)
70km)
&7 m)
64km)
&H1Em)
S8kn)
SSkm)
S52km) -
49 .m)

AAAAAAAAAA,\#\A’\AAA

COHRTW-CFUH#Z2
LOCATION DOF CROSS AND AUTO CORRELATIONS

B8C40-BDEF
8DCH-BFIF
BF40-320RF
QUCO-923F
9R40-9THEF
QECH-953F
9540—-96RF
Q&LCH-PBEF
840-99RF
QFCO—-9RIF
SR4O—-SCHF
SCCO-9ETF
PEL4O—-FFERF
FCO-A13F
A140-A2BF
ARCO~-AJEF
A440-ASEF
ASCO-A7EF
A7 40—-ABEF
AB40O—-AATF
AA4O—-AEEBF
ABCO—-ADEF
ADAO—~AERF
AECO-BOZF
BO4AO-BLIEF
R1CO-BIZEF
EZ40—-BARF
B4CO~-B&EIF
B&CO—-B7EBF
E7CO~-B23F
BR40—-BARF
BACO~-BCEF

..59...

B3440-847F
8480-834EF
B4CO~B4FF
g8500-853F
8540-857F
8580-85RF
BECO-8SFF
8400-86TF
BL40O~BLTF
8680—-86BF
BLHCO—-B&FF
8700-873F
8740-877F
8780-87HF
/87C0-B7FF
a800-88%F
8840-887F
88830-88HF
BBCO-BBFF
8900-B93F
RE40O-897F
8980-89HF
89L0—-89FF
8A0OO-8AZF
8040-8A7F
SABO—-BARF
BaL0-806FF
SHOO-BBIF
BEA4O-BRT7F
SEB0-BREBF
BRCOH-BEFF
aCo0O~-8RraF

.



CFUHE Zero-page usage (flags and counters)

$19-1F Tape dunp parameters (used by ROM program)

H4E-9D  hit-amp stores {(all antennas, ses separate map)
F9E-AY rolling bBit-amps (D comp.) ‘

HAA-AB  FRBIN, pointer

HAC~AD XCOR/GCOR pointer (also used in tape dump
SAE-AF  temporary bingalso wcor orbe for stacking recorcds)
$EO Counter

%Rl tmp storse for Y

aum{+) for l-matches

lag counter

-ve bag flag

# analveses counter 4+ heights done per height cycle)
"hang—up message’, tells where prog stuck

suam{—) for l-matches

el ght counter

fgoff (hy for the present h

record flag (tells whether real data from CL28)
(=1 if record in progress

(ey 2=

; ¥ s D 4 s> not used, new clock board has day#
pulse" counter {(low), actually counts # data xmissions from

CRU#L, so number of coh. avgs is ¥thisk times 8

cournter (high), not used & prob. never

ved pointer to bit-amps at this analaysis height

Fixed point ot Xcorrel accum (4V3E Re) at this height

Fived point to Acorrel accum (Re) at this hedight?

Flle gap flag, set in UPDATE, cleared af FG on tape

5045 Dofd, entry point for knesh¥ bit data from CPUHL

#C7--C8  Integrrupt scratch pointe-, O7 wused in "Displ. b-chlk stat.

407  temporary use in SERT

HCH wsed in interrupt for find
HCH pperations and display CFU#L
#CC status.

BCD--CE ser in counting # 1%s din bit
SCF 0 used in tape store/dump and NOWHE
FDE~FEY  rolling bit-amps (& comp.)

H
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Sonse of rebiction

O

Ch

Sept.24'86

Coherent RTW analysis: zero page binary info.

Aoffh

&— time -

" 9% 95 96 97 98 99 9A 9B 9C 9D

i l 8A 8B 8C 8D 8E 8F 9 91 92 93
C 8¢ 81 82 83 84 85 86 87 88 89
‘{‘76 77 78 79 7A 7B 7C 7D 7E 7F

( '6C 6D 6E 6F 78 71 72 73 74 75
‘ [62 63 64 65 66 67 68 69 6A 6B
58 59 5A 5B 5C 5D 5E 5F 68 61
LE 4F 50 51 52 53 54 55 56 57

9E OF AP Al A2 A3 A4 A5 A6 A7 A8 A9

DE DF Ef E1 E2 E3 E4 E5 E6 E7 E8 E9
<-ROL
X X X X X X X X

X X X X X X X X X

X X X

~
~
"
»
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11
QL
12
Q2
13
Q3
T4
Q4

rolling I
rolling Q

and for -ve lags

and for +ve lags
or O
ROL for"before —ve"Alags"

ROLs after O and +ve lags



COHRTW- CPU¥2 Bulk storage map

$BCAP Analysed data from C128: ’ $BFFF
! D/T { s d gains results from each height (32 hts) +
= [ 2 | 2 [ > B
' Cross&Autok D/T/INFO store(to go to C128)
$BCLP $BCEP © $mceg $BOGF
L ¥ +
i 32 gains | 32 s.d. | 32 d/t info H
height # §
s Cross ($18¢ per height
socup ooe (V108 Pages (121{? L S 4v3 / $BC3F
\ QI-IQ II+QQ QI-IQ II+QQ QI-IQ II+QQ‘1
[nt#3L ... etc. .... height#2 ... height#1. | 32x2 ]32x2 |32x2 \ 32x2 | 12x2 | 32x2 |
$BABF  BAFF BBIF BBGF  BEBF BEFF (f16 lag
$8LLp Auto ($40 per height)
$8cgg ht#p $8caF
. = total 8 pages Q Re 1
l _ lQIIQ#l II+QQ  #1
[ ht#31... nt#2 ... ht#1 [ 12x2 |ux2 [12x2 px2 |
it ey LI 1 #1bits in ll‘mm #is in 1
 byte is at higher address Q sequencesant#"u-‘ 3 Z sequences

Bit-Amplitude Store ( 8 Kbytes)

! $8u2p ¢, $845F
l/ ‘;.—‘-;‘t"’;’“ l
[ nt#31 ... ht#2 | nt#l | S
sogep s soF
‘ ‘ | = L 19
$7c26 $7C3F
} v
I _ l S
$382ﬁ $ﬁ§3p
C l 32 | %
$Eu2¢ $a?3F
| | 32 5
$f¢2¢ $703F
4
| I S
$6c2p $iC3F
}
[ | 32 Ty
sos s603F )
[ | 32 BN
Lo SRR O R A
l tablel lstore 1 store l L->H i H-L L a byie leff(h) free
‘[ [16 16 T s | 2x256 | 26 [ 256 BEREREE
ascii (——’1
Tst b
34 56789 ABC DE/F 1st byte sent iec'c}{tgrom
% 1
. .S.| :Ih lf‘l’”’d,‘/ﬁ l!ol.3 lYnl check gy*:S:# et
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CARD -

EDGE

A15 A1

cB2 R N
PA7 . PB
A6 i PB6
PA5 PB5
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5 min timer circult: On reset, the circuit will be re-triggered by any call
to addresses $0000-$FFFF (i.e. line A15). On a call to the address $CfXY (Y
= p-F, where X is the slot number plus 8; e.g. for slot 3, any address $C@B@
to $CPBF) the circuit will only be triggered on further such calls (until
the next reset). If the circuit has not been re-triggered for 5 min, it will

pull the NMI line low .
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COHRTW APPLE #2 PROGRAM JuL 23 1990
. P . B t
_ TOTALCPU#2W ~D/N - GMLAFRLL 90
Q00— 78 SEI disable interrupts MAIN INITIALIZE
0901~ - D8 - CcLD binary arith (not decimal) —_—
0OF02— A9 07 LDA #$07 ¥ '
0904~ A0 20 LDY #4620
0046- A2 04 . L.DX #$04 l initialize gains to 7,7,7,6, veee1,0,0,0,0
- 0R08- 99.3F. BC STA $BC3F.Y: .
O90R~- 88 . DEY . :
o90oc~ - CA- DEX '
- 90D- DO F% BNE 0908
OQ0F— 38 SEC
0910- E9. 01 SEC #$H01
0P12- 10 F2 BPL $0906
091 4- 78 SEIX can restart from here without re-init. gains
0915- D8 CL.D
091 6- A9 4C LDA #$4C
« - F 3 STA $O3FB - -
(),Zig_ 22 55—: © . LDA HE50 {  FNT JMP instruction (NNI operated by hardware
091D- ap FC 03 - sSTA $O3IFC ; tripout if system stuck ford w5 min)
020~ A? 19 LLDA #$19 R
NP22~ 8D FD 03 STA - $03FD
0925~ AR RO - LDA  #$90 L o
0927~ 8D FE 03 aTA  $O3FE .. set IRQ vector
CO9Z2A- A7 OC - L.DA #$0C i Coy
.. 0920~ 8D FF. O3 STA $O3FF
. Q92F - AT 00 LDA #$H00 - i
0931~ 85 BB STA $BE . REC not in progress
OF23- 85 RC STA - $BC - (don't need BC with new clock board)
0935~ .. 20 10 1D . JSR $1D10 clear screen and set up screen display
093E8- A7 D7 LDA #$D7 L MW" and jump to "WATIT"
O93A— 20 78 0OA JSR $0OA78 (for no good reason, since new clock board)
093D- AD BO CO_ LDA  $COBO clear irq flag (C128 comm. link)
040~ A9 2D NMI = LDA #42D Entry for NMI (which operates 1f"stuck"system)
0942- 8D 01 C5 8TA  $C501 GAZ.  high, no irq (CAL= irg) , auto
0943" Bg Bl (éu §TA  $COB1 CA2 strobe on port read
0948— AD 0O CS LDA %C500
A94F— 28 o - SET *—__ clear any handshake from CPU#1
094C- D8 CLD .
094D~ EA NOF o
0F4E~ A9 ZC LDA #$3C . = T
0950~ 8D 03 C5  STA  $C503 } CB2 high: = No NML sent to CRUFL
Q953 A7 00 . L.DA #$00 Gt
0955~ 85 EB STA  $BR } o run in progress
0957- 20 AO OE JSR  $0BAO ) set-up various lookup tables
095A— AS 00 L.DA $00 ;
095C— 8D CF SE 85TA $SECF
09EF— AS 01 L.DA $01
0961— 8D CD SE STA $SECD not needed with new clock boaxrd
0964~ AT 02 L.DA $02
0966~ 8D CC SE 8TA $SECC . Phoets e
0969— AS 03 LDA $03 i
OP6B— 8D CE SE - BTA $SECHE
OFEE~ 20 34 OD JSR $0D34 < inltializd tape interface so drive can be put
0e71- 2 I0 LDX #4330 ‘on line' ’ .
?)Z;—S: gg g‘; sE ;?2 #;;E?.)F X ckear command store going to CPU#1
0978~ CA DEX ; (necessary! to set proper op-mode)
©979- DO FA _ _ . BNE  $0975 !
097B— A9 00 LDA  #s00 drive#
097b— 85 1D STA  $1D set tape drive param. so
QP7F— Ay 82 DA #4ge drive char.lcan use before 1st dump.
0981~ 85 1E STA $1E
e
0987-  AD FO CO LDA  $COFO clear EOT flag(if any)
O98A— EA NOF
0981~ EA NOF N
080~ A9 00 NMI»> LDA HEOO clear A
098E~ 85 CS STA %05 file gap flag /
0990~ 85 Bé aTA  $Rb and CPU#2 status (=no message) /
092~ AQ 20 LDY HH20 clear €128 date/time store
94— 99 7F RC sTAH $RC7F.Y so unused bytes will look unused
0997~ B8 DEY '
0998~ DO FA ENE $0994
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099A~ 78 SE I disable Interrupts -
0998~ D8 cLD clear decimal mode START
099C- EA NOF
099D— 20 60 OE JSR $0ELO clear analysis ht# scrn space,& "W" msg space
O9A0— 20 70 0A JSR $0A70 check for "walt" command(incl, man., start cmd)
OPA3~ 20 EO OA JSR $0AEO update clock
09AL~— 20 10 1R JSR $1B10 check for start time (BB=1 if start req'd)
09AF— AS BB LDA $BR
09AB-  FO F3 BE@  $09A0 no start, so loop
09AD— 20 EO OB ISR $OREO yes, start; so initlalize for record
09RO~ 20 40 OD JSR #0n40 and send command data to CPU#1
0983~ 58 CLI and enable interrupts from #1
094~ A9 D2 LDA #4D2 and write "R" on the screen after the clock display
O9BR&— 8D 9A 035 8STA $059A
ORI EA NOP
09BA= EA NOP then go to analysis.... loops until done
O9EB- EA NOP
09BC— EA NOP.

OED~ AT 00 LDA #E00

09BF- 85 BS STA  $BS #analyses cntr ANALESE
o9C1- AT 20 LLDA #$20

09C3- 85 B8 STA  $EB bt cntx

o9C5~ AT 20 LDA #4620

09C7- 85 -BF STA $RBF :
0909 A9 B4 DA M } fixed bin pointer to I1 data,ht#f(lowest)
09CB~- 85 CO 8TA $CO

09CD- A9 FF LDA #HFF

09CF- 83 Ci 5TA  $C1 } fixed XCOR, pointer to 4V3 Re at ht#f
09D1— A9 EBR LDA #$BR

09D3— 85 C2 STA $C2

QO9D5~ A% IF LDA #$#$61F

0 -

033‘77- 23 gg Egg :ggc } fixed ACOR, pointer to Re at ht#f

09DB—- 85 C4 S5TA +C4

09DD- 20 EO 0A JSR SOAED update screen clock and clock store

OFEO— A4 B8 L.DY $B8

ORE2~ B? FF 63 LDA $L3IFF.Y

O9ES~— 85 R9 sTA $BY see if there 1s enough data at this helght
O9E7- 38 SEC for analysis

O9EB~- ES Cé SBC $Co6

OFEA- EA NOF

OEB~- BO 02 BCS $OPEF

O9ED- 49 EO EDR  #%EO wrap-around at $1F

OFEF— CY 0OA CMP #$0A need 10 bytes

O9F1- 20 31 BCC H0OAZ4 don't have 10,s0 skip this helght for now
O9F3— AS B8 I.DA $B8 ok, store "A" on screen,showing relative data
Q9F5— 20 50 OE JSR $OES0 entry and analysis positions.

O9F8—~ A4 B9 LDy $R9

O9FA— A9 Ci LDA #4$C1 A"

O9FC—- 99 D7 05 sTA $05D7, Y

O9FF- 20 20 19 JBR - $1920 load all binary to zero page

0AD2— 20 70 OE JSR  $0E70 XCOR

0A0S~ 20 CO 1S5 JER  $15C0 #M'sinI &Q

0ANB— 20 70 16 JSR $1670 ACOR

0AOB~ ENQ NOF --end of analysis for this ht, so
OAOC— A4 B9 LDY $R9 . e e

OAOE~ A9 A0 LDA HEA0 } clear the "A" from the screen

0A10— 99 D7 05 STA $05D7,Y

OAL1 3~ A4 BB LDY +R8

OA15— B9 FF &3 LDA $63IFF,.Y =" i
oA1B- 8 SEC nove Aoff(h) down(="finished with this data')
0A19~ E9 08 SBC #%08

OA1B- RO 02 BCS SOALF

0A1D- 49 EO EOR  #$EO (wrap at $1F)

QALF— 99 FF &3 8STA $63IFF,Y

0A22- E6 BS INC $B5 ¢~ count number of hts analysed
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(?9?14— AS RF LDA $BF DEC 13 %090 3
OAZ26~ 8 SEC

0aR7— E9 20 SEC BE20 modify fixed Bin pointer, Fixed XCOR pointer
0A29— 85 BF STA SEF and fixed ACOR pointer for next height
OAZR~ BO 02 BRECS $OAZF Y BIN

DAZD~ €6 Co DEC $CO

OAZF - Cé C2 DEC 2

OAZL - AS C1 DA %C1

OAZ3— 38 SEC

0AZ4- E9 80 SBC  #sgo (XCOR  (subtract $18f)

QOAZ6~ 85 Ci1 8TA $C1

OAZG -~ BO 02 BCS $0OAZC

QAZA- Cé C2 DEC SC2

OAZC~ AS C3 LDA $C3

OAZE~— 8 SEC

OAZF— E9? 40 SBC #$40

OA41 - 85 C3 STA $C3

0A43~ BO 02 BCS %0A47 [ACOR

OA4G~ C6 C4 DEC $C4

OA47~ Cé B8 DEC $HB « next height

OA49— DO 92 ENE $09DD

OA4E~ AS BR LDA SRR record still in progress?

OA4D—~ . DO O3 BNE $0A54 yes, so loop

OA4F~ 78 SEI go, so disable interrupts

OAS0O—- AS EBS LDA RS &~any data left to be analysed?

DAS2— FO 03 BEG $0AS57 no,so quit

OAS4- AC RD 09 JIMP $O9RD Yes,s0 try one more height scan, until no analysés
OAST7— 20 30 1R JSk #1830 Display final params from CPU#1
OASA~ 20 10 1A JSR $1A10 take results of last data from C128,and send all correls
OASD~ 20 80 OD JSR s0D8O  Reset gains

i

10xN0P

0ALA- 20 70 IF JBR  #1F70  call "store/dump" (checks for 1st rec.)
0ALD- AT 9A 09 IME $099n and back to START to wait for the next record time
OA7 0~ 20 CO 0OA JSK $0ACO get key

0A73-  C9 D7 CMF  #$D7 ="y" 2 HaIT
OA7S5~ FO 01 BEG $0A78 yes,so stay in

QA77—~ L0 RTS no,so return

0A78- A9 57 entry LDA H$57 write flashing|W}after clock display
OA7A- 8D 9A 05 STA $059A

OA7D- 20 DD 04 ISR s0ADD . update clock,\,.rt—’(c‘\?)w \AQ\O«&AS o
(:)ABO_ AZ 00 LDA #5600 but make sure day# doesn't change
0AB2— 85 RC 8TA $BC

0AB4- 20 CO OA JsrR  s0Aaco  and get Key cmd

0AB7-  C9 D3 CMP  #$D3 ="s" ? (start)

0AB9— Do o BNE HOATPT no, try next command

OABE- 20 10 1D JSR  #1Di0  clear and re-draw screen

OABE-  AD FO CO LDA  $COF0 clear EOT flag(if any)

0av1— a9 Ao LDA HEA0 clear flashing "W" from screen

QAP ZE— 8D 9A 05 STA $0590

OAREH— 6O RTS and return from wait

0A97-  C9 C5 CMP #3505 key="E"?

QA9 — DO 06 RNE SOAAT no

ONFE- 20 50 1F JSR $1F50 yes,so do file gap and update zero
OATE~— 18 CLC page manual date store, and stay in
OAYF- 90 DO BCC $0A7D walt

0AAL- 9 CD CME  $#$0D Key="H"?  (manual record start)
OAANZ~ DO D8 ENE $0A7D no

OAAS— E4 DR ING BEE yes,so set "rec in progress" flag
OAAT~ DO ES8 BNE HOAF L and return(without clearing display,but
SOAAT—  FF P77 clearing "W")

OBOBA- FF 77

OAAE- FF R?

OARC~~ FF rarar

DACO~ A% OO LDA  #$00  leave fiff in A if no key GET KEY
OACZ~- 2C 00 CoO BIT $CO00  kbd strobe? —————
OACS— 10 oC BFL $0AD3  no,so skip out

QACT7~ 2C 10 CO BRIT $C010  yes,clear strobe

ODACA- AD OO CO LDy $C000 and read key

OACD- 09 80 ORA #$80 c

OACF- ce 82 CMF #$82 key= "B 7?7

OAD1- FO 04 REG $OAD7 yes, so "BREAK"

OAD3E- 8D 51 CoO STA $C051 no, so keep monitor in'TEXT'mode
OAD&G— 60 RTS and return

QOAD7 - 78 SEI disable interrputs

QOADB~ 4C 59 FF JMF $FF59 and jump to Apple monitor - i.e, STOP
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OADD- AD FF FF LDA $FFFF re—triggervwatch dog circuit (5 min time—out)

OAEO- 20 RE CZ entrySkR $CZ2E  full clock read UPDATE CLOCK STORE
OAEZ- 2C 00 CO BIT $CO00  kbd strobe?
OAEL— 10 17 BFL $0OAFF no,
D - 00 LDA $CO00 .
:2)253_ ] gg AD co CME #$AD rza% &e');board ’ Note Clock and clock EPROM
. t%AED—- FO 0A BEQ $OAF9 in slot#3., To do full clock
(:)AEF—- C.;, AR CME HHAR = "t o reset from monitor, use
0AF1—- .DO OC ENE  $0AFF not + or -,so leave strobe om) Coco0return sep.
OAF 3~ 20 1C C3 JSR $C3iC add 1 to Sy (sec. unitsY(for other features, seeAmanual)
OAF6— 18 cLc

OAF7 - 20 0F ECC $0OAFC forced branch
OAF - 20 22 C3 - JdSR $CI22 subtr, 1 from 31
OAFC~  2C 10 CO BIT $C010 clear kbd strobe
OAFF - AZ OE. LDX HEOE write clock on screen (note:year is written as
QRO -~ AO OO0 L.DY #$H00 2 sep. charcters here, but it is stored in
~=-0RO3~ - BD 03 03 - LDA $0O303, X~ - BCD Y1 *16+Y1 ) in memory (& on tape)
ORO&L~ 0 02 EMI $0OR0OA . already ascii
ORO8~- 09 RO ORA #$RO clock digit,so convert to ascii
OBOA- 29 BR 05 STA $058R. Y and write on screen
w QROD- cs INY
- OROE~ cA . DEX

OBOF- DO F2 BNE $0OBO3

Note: clock EPROM call stores clock in $300-$312 thus-
3xNOP $3002 Dy,Dy g0y 1My 5,54 455 00 6" My oMy o Hy Ry 0,7/,

Dy 4Dy 1Dy 00 "t "¥y, Y, day-of-week(1-7)

cxgi_z;- A% 4C . LDA  #$4C re-load IRQ and NMT vectors "

OB16— 3

OB19- 23 ;E 03 Egz ::_:ZB (trying to overcome a minor-

OB1E- 8D FC O3 8TA  $03FC glitch which may destroy these)

OR1E- AT 19 LDA #4619 -

QBR20- 8D FD 03 sTA $0O3FD

OR23~ A7 0 LDA #$90

(8} =it aD FE 03 STA $0O3IFE

QORZ28- AT OC L.DA #40C

OBE2A- 8D FF 03 STA $03FF

JOBED- . .60 .. . . RTS C e T

OB2E-~  FF 277
ORZ0O- A2 1F DX HEIF
OEZR- A9 00 LDA #3500 Do 1 byte check-sum
OR34— 85 AO STA HA0 Jjust $900:1FDF, see if program
OR346— AO DF LDY #EDF was modified in operation,
QR3E- 86 Al 8TX A1
ORZA- 18 cLe
ORAR- 71 A anc EAO) Y ( called from record-init. )
gg;}g_ gfz - g;z SHFF NB, WHen program updates are put in,

the stored checksum(in $1FEB) must also

‘“:ng_:: ]22 F8 gg';‘_ FOBIA be updated by running this routine, and
2)[44;3--— éC) 08 CPX #8608 getting the new checksum from $F9.
QR4S DO F1 ENE $OREG
OB47- CD ER 1F CMF $1FER stored check-sum
OR46~ FO O3 BER $OR4F OK
OBA4C~ 4C D1 AF JMP $1FD1 bad, so save actual check-sum in F9,and
OR4AF— 6O . RTS type error mSE. (and continue!)
ORSO- AS BD LDA $ED . L byte of "rec length" Decrement "Recelve data”
ORS2— DO 02 . BNE $OBGS Counter
ORS4- Cé BE DEC $BE . H e
OBS6—-  C6 BD .- DEC  $BD . 'N' flag set if end of count
ORS8- Do 08 BNE SOBRL2 down
OBSA— AS BE L.DA $BE
ORS0-— FO 02 REQ SORLOD
ORSE-—- 10 04 BPL $ORL4
ORLEO— Cé BE DEC $RE
OBp&2— AS BE LDA $BE
OB&4— 60 RTS
OB68—~  AD 92 BC LDA  %BCY2 get #pulses/inte
OB6B- 20 BO IC  JSR  $1CBO  change to BéD asoiy DISPLAY ANOUNT OF INTEGRATION
OB&LE~ 8D 8B 04 STA $048B write L on screen
OR71~ 8A TXA get H
0B72-  C9 EBO CMP  #$BO high-d1g1t=ovﬂ‘ts the XX in the
OR74— DO 02 BNE  $0OE78 ° no 1( XX pulse integration) " message
OR7 6~ A% A LDA #$A0 yes,so clear on the screen
OB78~ 8D 8A 06 STA  $048A on screen , . . - i
OB7E- &0 RTS
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oBg0O-— AOQ 00 LDY #%00
OBB2- A? 40 LDA #$40 CLEAR_CORREL STORE
gggz_ 23 gg Egg :gga (Just the correl store, not
oBaE8- B85 At STA  $A1 S.D. or gains or D/T)
OBBA- A? 00 LDA #$00
oB8C- ?1 A0 STA (BA0) , Y
OBBE—~ 88 DEY
OBR8F - DO FB BNE $0B8@C
OR?1- Cé6 Al DEC $A1
OB?3~ AS Al LDA $A1
OR95- €9 83 CMP #$83
0oB97- DO F1 BNE $0B8BA
0ORe9— &0 RIS
OB9 A~ FF racars
OBFR- FF rarard
OR?C~ FF ?77?
OBR?D- FF ?277?
OBYE~ FF 77
OBZF-— FF Fafats
OBAO— AO 00 LDY #$00 entries 0-255,each table SET=UP TABLES
OBAZ- 98 TvYA SEI-UP TABLES A
OBA3~ an L8R
OBA4— 4/ LSR
OBAS— 24 LSR H <L nybble shift, and clear
OBAbL~- 4A L.SR
OBA7- 99 00 &2 STA $6200,Y
OBAA- 28 TYA
OBAB—- OA ASL
OBAC-  0A ASL. L-SH nybble shift and clear
OBAD-  OA ASL ‘
OBAE- OA ASL
OBAF— 99 Q0 61 8TA $6100,Y
OBR2—~ AT 00 LbA #$00
OBB4~— 85 AL 8TA $A0
BR&- A2 08B LDX #$08
8888— o8 TYA #1 Dbits per byte
OBEB9- 0A ASL (used in correl)
OBBA— ?0 02 BCC $0OBBE
OBRC~ E& AO INC $A0
OBBE- CA DEX
OBBF— DO FB8 BNE $OBR?
OBC1- AS A0 LDA $A0
OBC3E~ 99 00 &3 STA $6300,Y
OBC6— 88 DEY
OBRC7—- DO DR BNE $OBA2
0BC9~  AQ OF LDY  #%0F ASCII screen char, table for hex
OBCB- 98 TYA nybble input
ORCC- C? 0A CMP #350A
OBCE- 90 03 BCC $OBD3
OBDO~ 18 cLe
OBD1- 69 07 ADC #4607
OBRD3- &9 BO ADC #$RO
OBDS~-~ 9% BO SE STA $5ERO,Y
0BD8- a8 DEY
OBD9~ 10 FO BPL $OBCB
_OBRDB~ 20 F8 19 JSR $19F8 . initialize tape drive resei/Tx cntl port..
OBDE- &0 _RTS and turn off Tx

s
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OBEO- Just in case... RECORD_INITTALIZE
OBE1- D8 CLD ditto (done before every record)
OBE2- 20 BO OB JSR  $0BBO  clear correl store

OBES~ A9 7D ' LDA  #$7D

OBE7- 8D BF BC  STA  $BECBF szoizliﬁ E:véig ht. gate param.

gggg‘- ‘ 23 ;g SE E;g ::EF";B set clockin delay(must let 65 gates through!)
OBEF- 8D 8E BC  STA sacae-}s Numuﬁh1prﬁﬂ'“"‘°“*}7N7Fﬁ'1Mhcbi(ﬁﬁ;;j)
QOBF 2~ 8D F9? SE STA $5EFQ

OBFS— A9 08 LDA #4008

OBF7- 8D 8D EC  STA $BCBD}. set gate separation (20 ps)

OBFA- 8D FA SE 8TA HOEFA +

OBFD- 20 DO 1E JSR  $1EDO select synch, tx on/offkamt.of integ. dep., on GMT
0CO0~ 20 30 O JSR $OR3I0 verify program checksum

. T 2xNOF-- '

0Co5~ AT 40 LDA #$40 L

oCo7- 8D 91 BC sTA $BC91 |-set record length (number of groups of 8 amps)
OCOA- 8D F& SE 8TA $S5EF&

oCoD- 85 RD 8TA $BD

OCOF~ A9 00 LDA #$00 H (always zero, unless very long records

[a]08 B By 8D 90 BC S8TA $BC?0

0oC14—- 8Dh FS5 SE 8TA $OEFS

ocL7- 85 BE STA $BE

0C19- A9 00 LDA H#$00 }don't want auto phase flip in CPU#1 interface cntl.
OCiB-~ 8D F4 BE STA  $5EF4 )’ (never!,unless CPU#L program upgraded)
8%;5,_ gg §|c_-’ BC tgz :gggﬂy store present gains in cmd store going to
0C23~ 99 DI SE  STA  $5ED1,Y CEU#1

0C26- 88 DEY

oc27- DO F7 BNE $0C20

ocz29- A% 00 LDA #400

0oCc2B- 8D D1 5E STA $THED1 set comm. link check bytes for CPU#1 comm link
OC2E~ A% FF LDA #EFF

OC30~ 8D DO SE STA $5EDO

0C33- A9 38 LDA  #838 } select DDR( CPU#1 link)

OC3S5~ 8D 01 CS STA $C501

OC38- A% FF LDA #$FF } all bits 0/p

OC3A~ 8D 00 CS STA $C500

0C3ID- A9 3IC LDA  #$3C 7} panual control of CAZ, CA2=high

OC3F - 8D 01 CS STA $C501

0c42- 20 EO OA - . JSR -~ $0AEC update clock

0C45- AD-10 03 LDA $0310 Y, L et

oc4a8- AE 11 03 LDX $0O311 ""{Ylo ! :

oc4p~ 1D 00 61 ORA - $6100,X '~ change to BCD

OC4E— AO OD LDy #$0D -- ) save whole clock in clock store’

0CcS0- @9 @2 BC = STA SBC22,Y | - , X !
0053~ B9 02 03 LpA  sosoz.y Y. (wlHl el btiY A wht et/ 1)
0C56— 88 DEY ‘

QCS7- DO F7 BNE $0QCHO

0oCse?- AO 20 LDY #$20

. - ) ‘ , ,
oA A :ZéiF.Y- ; set all Aoff(h) to top of BIN store
OCLO—~ 88 DEY ’

0C6HL~ DO FA BNE $0OCSD

OCHZE~ 85 Cé 8TA $C6
- QCe5~ AD 00 C5 LDA $C500 . clear any leftover ‘interrupt flag from #1°
OCkLB- 20 48 OR JSR H$ORLE display amount'of integration in use”

0 - o .

ngg— gg ;-_-); s ;?2 i;g;’, Request normal .CPU#11 operation (“command=g")
QC70~ A9 34 L.DA #4234

OC72- 8D O3 C5  STA  %C503 toggle CB2 = NMI in CPU#L

0C75- A9 3C LDA #43C

QC77- 8D 03 C5 STA $CS50O3

QC7A~- A% 00 LDA #$00

0C7C~ 8D 81 BC §TA $BCH1 put check bytes in clock store for the
OC7F~ A% FF LDA HeFF

ocet—- 8D 80 BC sTA $BCBO o benefit of the ¢128 comm. link check
0C84- A% DO LDA  #$DO & P Site I.D. going onto analysed data
OC86— 8D 8A RC 8TA $RCBA "pY = Park

oCcge— [=18] RTS

OCBA— FF TR

oCcsR—- FF arars
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OC0- 08 PHFP INTERRUPT PROCESSING
0C9L~ A5 45 LDA %45  Apple monltor stores A here

OCeE— 48 FHA on irq,so get it back

0C94—- 8A TXA

0C95~ 48 FHA

0Co6—- 98 TYA

QCce7- 48 FHA

0oces- AS BB LDA $BB record in progress?

OC9A- Do 03 EBNE $OCIF yes

0CceC- 4C 21 OD JMP $0D21 no,so skip out

OCIF- A% FB LDA #4F8 set pointer to temporary input store

0OCAL- 85 C7 8TA $C7

OCAZ~ AT 60 LDA #4460

OCAS- 85 C8 8TA $C8

OCA7- AZ 02 LDX #5072 } #pages,or part pages, to read($108 bytes here)
0OCAR- A0 Q7 LDY #$07

OCAR— A? 02 L.DA #H02

set CPU#2 status byte to indicate possibe hangup

OCAD- 85 Bé& 8TA $B& Location

(L:(C:g;: ‘;g gé €S ;gs :ggg; } walt for interrupt(is set ist time because of hrdware
OCE4-  AD 00 C5 LDA  $C500  load data, irq flag cleared aﬁ%%ﬁgﬂly oo Q*W@*ﬁ
OCR7- 91 C7 STA ($C7),Y and save in temporary store : )

QCE?- a8 DEY

OCRA- Co FF crY #$FF

ocec- DO Fi BNE  $0OCAF next byte

OCBE- Cé& C8 DEC $C8

QCCco- CA DEX

occi- DO EC BNE  $OCAF next page

OCe3— AD F9 5F LDA $5FF9 ----end of communication

0CeCse— FO O3 RER S$OCCR test comm. link check bytes

oCcs- 4C FO 1R JIMF $1RBFO

oCcCB—- aD F8 5F LDA sSFF8 L—troubl‘e so"comm#l error" and stop program
OCCE- C? FF CHE HEFF

OCDO~ DO Fé BNE $0CC8

0oCD2~ 20 €8 1C JSR $1C0CB ¢ write CPU#1 status byte on screen

OCDS~— A? 04 LDA #$04

0CD7- 85 B6 STA  $E6 set CPU#2 status

acD9- 20 BO OD JSR $ODRO _ sort data from #1, and store in proper sequences
oCDC- 20 20 OE JSR $0OER0 display A/D bit check status )
) o g next data set (countdown to end of record)
OCDF - 20 50 OR JBR SORT0O not ended yet,so skip out

OCE2- 10 3 BFL  $0DR1S

OCE4~ 20 FB 19 JSR  $19FB turn off Tx at end of rec(just aft. last data from #1)
) ok, end of record, so take last param. from #1i
OCE7-  AD 88 LDY  #%88 read 136 bytes

OCE9-  AD 01 €5 LDA  $CS501 valt fa flag

OCEC- 10 FB BFL $0CE?

OCEE—- AD 00 C5 LDA  $CS500 load byte

OCF1- 99 77 &0 STA $6077,Y and store it in temporary store

OCF4- 88 DEY

OCF5— Do F2 BNE $0CE?

OCF7-  AD 79 60 LDA  $6079 look at comm, link check bytes

OCFA— FO 03 BEQ $OCFF

OCFC— 4C FO 1R JMP $#1BFO bad:"COMM#1 ERROR" and stop program
OCFF~ AD 78 &0 LDA $6078

ODO2—~ C® FF CMP #EFF

0D0O4— DO Fé& BNE $OCFC

ODOL~ 20 BO 1A JSR $1AR0 ok,now move Doff along, entering zeroes, so
ODOF— EA NOP analysls will be complete when it runs
ODOA- A7 3C LDA #4320 out of data

ODOC- 8D 01 CS STA $CS0O1 set CA2 high, manual cntl of CA2

ODOF - AT 00 LDA #H00

oDiil- 85 BR STa  $BE END OF RECORD, so set REC={g

OD1 3~ AO 20 LDY #4520

oD1S— BY DF &0 LDA s4H0ODF,Y put magnitude (="signal") data from CPU#1 in
[l a R ¥=10 99 SF BC STA $RBCSF,Y output store(going to c128)

oDiB- 88 DEY

oDic- DO F7 BNE $0D1S

OD1E - Es BS ING 4B5 <«—— make sure analysis doesn't accidentally finish
0Op20— EA NOP too soon{i.e. force at least ofe more

height scan)
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OD21- 20 0 IF ISR $1FZO check for CPU#1 power-up/reset and
ODZ24-— EA NGO, - incr. screen cnir if so
oDZS- EA 2
opzs- A e | on FEEF \Qetug wntcnn s 6) e LoA €AY
OD27- A% 00 LDA #3500
0D29- 85 B6 STA  $Bé set CPU#2 status
OD2B-  EA NOP
op2c~ 68 FLA
on2p- A8 TAY
OD2E- 68 PLA
ODZF-  AA TAX
OD30~ 468 PLA
op3I1- 28 PLP
OD3I2— 40 RTI
OD33~  FF 277 .
ggﬁz: gg §g ;?2 :igF INITTALIZE TAPE INTERFACE
OD;B— A9 OD LDA #Q;(_)D/absolute return
= 2 - adress!!!!! (so have control of drive befork
oD3Aa- 85 FA STA  $FA careful!! 1st write)
OD3IC~  4C 21 C7 JMP  $C721 : »
” 1f modif_ying
QODIE~ 50 RTS bt N
0D4n~- A9 01 LDA  #301
oDaz— 8% Bb aTa  $Bb set CPU#2 status SEND CMD TO CPU#1
oD44- A0 IO LDY  #430 4B bytes to send
0OD46- AD 01 CS LDA  $CS01
0D49- 10 FB BFL  sopas et far CPUFL ready
ODAB- B9 CF SE LDA  $5ECF,Y get byte
OD4E~ 8D 00 C5 8TA  $C500 and send it to #1
oDSi-  AD 00 CS LDA  $CS00 clear interrupt flag
QDS54- A9 34 LDA #3534 oy Ve
ODS6~ 8D 01 €5 STA  $C501 and send "data ”\’JI " signal to #1
oDS9- A% 3IC LDA  #%3C \cm (by toggling CAZ)
oDSR- 8D 01 €5 STA  $CS501
ODSE- B8 DEY
ODSF- DO ES BNE  $0D46 next byte
oDbi-  EA NOF
gg:g__ gg zgi " ——=-now reverse port so next data comes from #1
oD64- A9 29 LDA  #$29
0ODb6- 8D 01 CS oTa  scsoy  Select DR
oD&S— A% 00 LDA  #%$00 :
OD&B~  BD 00 CS STa  scsoop  ort Pit dnput
OD&E~ A9 2D LDA  #%2D
oD70- 8D 01 C5 et  spsoy  Seiect port, IRQ on ¥ of cAt
0D73“‘ A9 00 LDA #$00 ”n " "
oD 75— 85 Bé aTA SBé set CPU#2 status "out of "send" routine
OD77—_ 60 RTS
oD78-  FF 777
0op79-  FF 7?77
oD7A-  FF 277
op7B-  FF 277
op7C-  FF 777
oD7D-  FF 277
OD7E-  FF 777
QD7F—___ FE 727
opBO~- A2 20 LDX  #%20 th he;fhgs ("s1gnal®) RESET GAINS
opg2-~  BD SF BC LDA  sBCSF,X get magnitude (“sign SE—————
oDeS—- ©£9 80 CHMF 4480 nag (assumes mags 0-255!)
opg7—- RO 10 BCS  $0D99 4—mag »128 ,S0 try to decrease ga and 104B
ope9- €9 2 CMF  #%28 mag » 40 (and <128 ) so ok, leave as is steps
ODBE-  BO 14 RCS  $0DAl .
oDBD-  BD 3F BC LDA  $BCTF,X  can the gain be
opgu—~ €9 07 CMP  #$07 increased?
oD92—-  FO 0D BEG  $0DA1 no,so skip
ODY4— FE =F BC INC $RCEF, X yes,so increase the gain at this height
one7— Do OB ENE $ODA 1 and forced branch out
0oD99—~  BD 3F BC LDA  $BC3IF, X want to decrease gain,
oDFC~  FO 03 EEQ $0DA1 can't, so skip
OD9E~ DE 3F BC DEC  $BC3F,x  decrease gain 1 step
ODAl- CA DEX next height
oDAZ- DO DE BNE  $0D82
ODAG~ &0 RTS
Note: strict signal limits have been used to keep

clipping minimal. We want to use the auxLlliary
raw o/ p data quite often. If raw data are’not

used, limits could be $AP and $32 (160 and 50)
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CODRO- A4 C6 LDY $C6 Doff GD
ODE2- A2 FF LDX  #3FF 256 bytes to distribute SORT_DATA FROM CPUF1
ODR4- A7 20 LDA #$20
ODEB6—~ 85 C7 STA $C7
ODE8- A9 B4 LDA  #$84 point to ht#f, It
obDeA- 85 C8 8TA $C8
ODBC- A9 0B LDA  H#308
CDRE- 85 C9 STA $C?
ODCO-— BD Q0O 60 LDA $6000, X
ODC3— 21 C7 8TA ($C7) Y
QDCS— CA DEX
0OpCé— EO FF CFX #EFF
opCe— FO 20 REQ $ODEA done,so exit
ODCA— AS C8 LDA $C8 not fini,so
opCe- =8 SEC .
ODCD— E9 04 SEO #3504 modify addr. to next component,same ht
QDCF - 85 C8 STA $C8
ODD1— C& C9 DEC %09 viext component(in order I1,Q1,I12,Q2,13,Q3,I4,Q4)
ODD3E~ DO ER BNE $0ODCO
0DD5-  AS C8 LbA  $C8 next height
onp7- 18 cLE
oDpbg— &9 20 ADC #4220 modify addr. to next ht.,component Ii
ODDA- 85 €8 8TA $C8
onbe- AS C7 LDA $C7
ODDE- 8 SEC
ODDF -~ E9 20 SBC #4220
ODE1- 85 C7 8TA $C7
ODEZ— BO 02 BCS $0ODE7
QODES- Cé& C8 DEC +C8 °
ODE7~- 18 cLC
ODEB- 90 D2 ECC  $0DBC forced branch
ODEA— A4 C6 LDY $Co
ODEC-  A? AL LDA  #EAO clear last"D" from screen
ODEE- 9?9 D7 05 STA $05D7,Y
ODF 1- Cbé6 C6 DEC $Co move Doff down
QDF3— 10 046 BPL $0ODFB no wrap around occurred
ODFS— AS Cé& LDA %C6 yes, so wrap at $1F(actually just need LDA#1F
ODF7- 4% EO EOR  #$EO STA$CE )
ODF9— B85S Cé 8TA $C&
ODFB- A4 Cb LDY $Co write new "D" on screen “analysis and data entry"
ODFD- A% C4 LDA  #3C4 " display
ODFF— 9% D7 05 8STA $05D7,Y to screen addr,
QEQZ2- AS Cb LLDA £$C6
e A . el ey now run through all heights to see
N L = e whether next data entry will overwrite
:))E?)Z— 28 (C:g ‘o ?EE} :?Egg ] data being used in analysis .
(S)E(E)E— a8 DEY — yes,1t will,so:"DATA OVERLOAD" and STOP
QEOF - DO FS BNE $OEQL
OE11— &0 RTS
OEI1Z—  AD FF 5F LDA  $S5FFF check A/D status TURN ON. TX RATE
OE15- Do 08 ENE SOELF not ok,so don't "buzz" Tx during dump
OE17—- A% 17 LDA  #$17 ok,so turn on Tx (make bit 3 low)
QE19- 2D 02 €3 AND $CE02
OE1C— 8D 02 05 S5TA HLS5O2
%El%— 2% RTS8
OEZ0~ FF 5BF LDA 5 bit- ar
OE3- DO Oe e a0ttt Dit-cbk status byte fromflpIspray BTT GHEOK STATUS
CE25- A0 08 LDY  #3$08 is ok,so just display "OK"
OE27 - B? 69 1E LDA $1E69,Y
OE2A— 99 0D Q7 8TA $0O70D, Y
OE2D~ 88 DEY
QOEZE- DO F7 BNE $OE27
OEZ0~ 60 RTS
OEZL— 85 07 sTA 07 use this reg. so can kee
DEZ3- A0 08 LDY  #308 witmg"éonz buzz" ﬁigg for checking
OEZT- 06 C7 ASL &C7
0E37~ A9 7F LDA  #¢7F "?" (flashing) = not OK
OEZ9-  BO 02 HCS  $OEID  Was the bit=1? if yes,keep flash, El
OE3BR- A9 Di L.DA #$D1 no,so "Q" = 0K
OEZD- 9% 0D O7 s5TA $070D.Y and write on screen
OE40~ 88 DEY
OE41-—~ 06 C7 ASL 07
OE43~ A9 7F L.DA #H7F ?
OEAS- RO 02 EBCS HOE49 for I component
0E47- A9 C9 LDA  #%C9 I
OE49— 99 OD 07 STA  $070D.Y
0OE4C~ 88 DEY
QE4D— DO Eb ENE $OETS
QOE4F - 60 RTS
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“OES0~ A5 BB LDA SBEB height pointer
0;:52-— 20 BO 1C JBR $1CRBO convert to ascii BCD DISELAY ANATYSIS HEIGHT
0ESS-— D5
oESS- gA & 06 ?i: $0656 L ascii (ht#0 displays 31!)
OES9~ 8D 55 06 STA  $0655 H ascii
_OESC— &0 RTS .
_OE&O~ A9 AO LDA  #%A0 " " CLEAR ANALYSIS HEIGHT
0E&2- 8D 55 06 STA 30655 (and "
OE6S- BD 56 06 STA %0656 screen locations an locations)
OE6E8~  BD 9A 05 STA  $059A
QE&B— 60 RTS
OE&C—-  FF 277
QE&D~  FF 277
OE&E-  FF 277
QELF— ___ FF P77
DE70~- A2 OA LDX  #3%0A
OE72- BS 57 LDA  $57,X COMPLEX_XCORREL(76nsec)
OE74— 95 9F STA $9F,X mnove I4,Q4 to zero Lv3,4v2,4V1 Re and Im
OE76— BS 4D LDA  $4D,X Dage'rolling"stores
DE78~ 95 DF STA  #DF, X
OE76~ CA DEX
OE7B- DO FS BNE  $0E72
OE7D- AD 40 LDY #$40 lag counter
::))gEg.éf;- g; II:BZ ;22 :;ZF = negative lag flag(=0 for zero and pos. lags)
0ES3~ A5 Ci LDA  s3C1
OEBS- 85 AC sTA $AC set XCOR Accum., base addr. to 4V3 Re
0E87~ AS C2 LDA  $C2
OEB9- 85 AD STA  %AD
OEBB- 18 cLe
OEBC~ A% 00 LDA  #%00 !
OESE- B85 B2 STa ey CLeer temporazy #1's accumulator —Véﬁ%gég
0ES0- AS A7 LDA  $A7 (8 bytes:AND.)
OE92- 25 75 AND 75 get bit matches
_OE94-  AA TAX
OE?S—~ BD QO &3 L.DA $6300,X look up #1 bits in byte from table
OE98- &5 B2 ADC  $B2
OE9A~ 8BS B2 STA B2
OE9C- AS Ab LDA  $AbL
OESE- 25 74 AND %74
OERO-  AA TAX
0OEA1—  BD 00 &3 LDA  $6300,X
OEA4- 65 B2 ADC  $BZ2
OEAL~ B85 B2 STA  $B2
OEAB-~ AS AS LDA  $AS
OEAA- 25 73 AND 73
OEAC-  AA TAX
OEAD-  BD 00 63 LDA  $6300,X
OERO- &5 B2 ADC  $E2
0ERZ~- 85 B2 sTA B2
QEB4- AS A4 LDA  $A4
OER&- 25 72 AND  #72
OEBB-  AA TAX
OEBS-  BD 00 &3 LDA  $6300,X
OERC~ 65 B2 ADC  $B2
OEBE- 85 B2 STA B2
OECO-  AS A3 LDA  $A3
OECZ~ 25 71 AND  $71
OEC4- AA TAX
OECS~ BD OO 63 LDA  $6300,X -
OECB- &5 BZ ADC  $B2
OECA- 85 B2 8TA  $B2
OECC- AS A2 LDA  $A2
OECE~ 25 70 AND 370
OEDO-  AA TAX
OED1- BD 00 &3 LDA  $46300,X
OED4- &5 B2 ADC B2
DED&~ 85 B2 sTA  $B2
OEDB- AS Al LDA A1
OEDA- 25 &F AND  $6F
OEDC-  AA TAX
OEDD~  BD 00 &3 LDA  $6300,X
OEEO- &5 B2 ADC  $B2
OEE2- 85 B2 sTA  $B2
OEE4~ AS AC LDA  $A0
OEE&~ 25 &E AND  $6E
OEEB-  AA TAX
OEE9- BD 00 &3 LDA  $&6300,X
OEEC- &5 B2 ADC  $E2
OEEE- 85 B2 STA  $B2
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OEFO~ . AS E7 LDbA $E7 Q4 byte starting QivsQ3, -ve lags Q

OEF2~- 25 &B AND  %6B Q3 byte (8 bytes 'anded') '

OEF 4~ AA TAX

OEFS- BD 00 &3 LDA $6300, X

OEFB~ 65 B2 ADC $R2

OEFA- 85 B2 STA +B2

OEFC- AS E6 LDA $E6L

OEFE~ 25 6A AND $6A

QFQ0~— AA TAX

OF01- BD 00 63 L.DA $6300,X

OFQ4- 65 B2 ADC $B2

OF 06— 85 B2 STA $B2

OF0B— AS ES LDA $E5

OFOA—- 25 69 AND $69

OFoC~ AA TAX

OFOD- BD 00 63 LDA $6300, X

OF10- 65 B2 ADC $R2

OF 12— 85 B2 8STA $B2

OF 14— AS E4 LDA $E4

OF 16— 25 68 AND 468

OF 18- AR TAX

OF19- BD 00 &3 LDA $6300, X

OF 10~ 65 B2 ADC $R2

OF LE— 85 B2 STA $R2

OF20- AS EX LDA $EI

OF22- 25 &7 AND $67

OF 24~ AR TAX

OF 25— BD 00 63 [ $46300, X

OF28- 65 B2 ADC $B2

OF2A~ 85 B2 STA $R2

OF2C—- AS EZ2 LDA SE2

OF2E~ 25 b6 AND 66

QF 30— AA TAX

OF31- BD 00 63 LDA #6300, X

QOF34- 63 B2 ADC $R2

OF36— 85 B2 STA B2

OF38- A5 E1 LDA $E1

OF3ZA— 25 &5 AND 465

OF3C-~ AR TAX

OF3D- BD 00 63 LDA %6300, X

QF 40~ 65 B2 ADC $R2

OF42- 85 B2 8TA $B2

OF44— AS EO LDA SEQ

OF 46~ 25 64 AND $64

OF 48— AA TAX

OF49- BD 00 &3 LDA 86300, X

OF4C~ 65 B2 ADC $RB2

OF4E- - 85 B2 8TA $R2

QF 50— 24 R4 BIT $B4 if still on -ve lags,then skip

OF52~ 30 30 BMI $OF84

OFS4- A5 9F LDA  $9F +ve lags,so tack on I4vsI3(2 bytes)

OFS46— 25 &D AND $6D

OF 58— AR TAX

OF59— BD 00 63 LDA $6300, X

QOF5C— 65 B2 ADC $RB2

OFSE~ 85 B2 STA +B2

OF 60~ A5 9E LDA - %9E

OF 62~ 25 6C AND $6C

QF 64~ AA TAX .

OF 65— BD 00 &3 LDA 6300, X

OF 68— 65 B2 ADC $B2

OF6A—- a5 B2 8TA $B2

OF6C-  AS DF LDA  $DF and tack on Q4vsQ3 (2 bytes)

OF 6E— 25 63 AND $63

OF 70~ AA TAX

OF 71~ BD 00 63 LDA #6300, X

OF74- 65 R2 ADC sR2

OF 76— 85 B2 8TA $R2

QF78-— AS DE LDA $DE

QF 70— 25 &2 AND $62

OF7C~ AA TAX

OF 7D~ BD 00 63 LDA $6300, X

OFB0O- 65 B2 ADC $R2

oF82- 85 B2 8TA B2

OFB4~ 71 AC ADC ($AC) , Y add I4vsI3+QlvsQ3 to xcof, accumulator Re

OF8&~ ?1 AC 8STA ($AC) , Y for this lag

OF 88— 0 08 BCC $OF?2

OF8A- 88 DEY

OFB8R~ A7 Q0 LDA #4000 add 1 to H byte of accum (ING not avail.in this

OF8D- 71 AC ADC ($AC), Y mode on 6502)

OFBF-— ?1 AC STA ($AC) , Y

OF91-—- ce INY
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1018-
101A—
1010~
101E-
1020—
1021~
1024~
1026~
1028-~
102A—
102C~
102D~-
10Z0-
1032~

63

63

&3

63

63

63

63

&3

63

63

63

&3

‘$AC

#$40
$AC
$OFD
$AD

#4600
B2
$B7
SE7
$79

$6300,X
sR2
$B2
$Eb6
%74

$6300,X

$6300, X
sB2
&B2
$E3
$71

$6300, X
$B2
sR2
SE2
$70

$4300, X
$R2
$B2
$E1
$6F

$6300, X
sB2
$B2
$EQ
HOHE

$6300, X
$B2
$B2
$A7
$6B

HHIO0, X
$RB7
$B7
AL
H6A

$6300, X
sB7
$B7
A5
69

#6300, X
sB7
$B7
$A4
$68

$6300, X
$B7
$B7

o . . . |
move xcor accum pointer down to (:Ea
bvs3 Im (=QUvsI3-IhvsQ3)

= accum for QUvsI3
=accum for ThvsQ3
Start Q4vsI3, (8 bytes 'anded’)

start T4vsQ3 (8 bytes anded)

-76-




1034~
1036~
1038-
1039~
103C-
103E~
1040~
1042-
1044~
1045~
1048~
104A-
104C-
104E~
1050~
1051 -
1054~
10546~
1058-
105A~
1050~
105D—-
1060~
1062~
1064
1066
1068-
106A—
106C~
10&D—
1070~
1072~
1074~
1076—-
1078~
1079~
107C~-
107E~
1080~
1082-
1084-
1085-
1088~
108A~
108C-
108E~
1090~
1091
1094-
10946~
1098~
1099~
109B—
109D~
109F~
10A1—-
10A3-
10A5-
10A6~
10A8—
1 OAA—
10AC~
1 0AD~
10AF~
10RO~
10B2~-
10B4-
10B6~
10B7-
10B9—
10BB-
10BD~
10OBRE~
10BF—
10C1-
1063~
10C5-
10C7~
10C9-

&3

&3

63

63

63

&3

&3

&3

LDA
AND

LDA
ADC
8TA

AND
TAX
LDA
ADC
8STA
LDA
AND
TAX
LDA
ADC
STA
L.DA
AND
TAX
LDA
ADC
8TA
BIT
BMI
LDA
AND
TAX
LDA
ADC
8STA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
LDA

8TA
LDA
AND
TAX
LDA
ADC
STA
SEC
L.DA
SBC
BCS
ADC
STA
BCS
DEY

SRC
8TA
INY
BNE
cLe
ADC
STA
BCC
DEY
LDA
ADC
STA
INY
SEC
L.DA

STA
EBCS
DEC
cLe

$A3
%67

#6300, X
$R7
$B7
$A2
%64

$6300, X
$R7
$R7
$01
$65

$6300, X
$R7
$B7
$A0
$64

$6300, X
HR7
$B7

B4
$1098
$DF
$4D

$6300, X
$B2
$B2
$DE
$60C

$6300, X
$EZ
$R2
$5F
$63

F6300, X
&*B87
$B7
$9E
$62

$6300, X
$R7
$B7

($AC), Y
$B7
$10AF
$B2
($AC) , Y
$10BE

($AC), Y
#$00
($A0), Y

$10BE

$B2
($AC) , Y
$10BE

#$00
($AC), Y
($AC), Y

$AC
#%540
$AC
$10C9
$AD

negative lags still?

yes,so skip

+ve lags,so tack on 2 more and's
last 2 bytes of QUvsI3

last 2 bytes of IWvsQ3

now add (B2 minus B7) to the accumulator

———- end of accumulator operation

_— move Xcor pointer down to 4V2 Re
and do all 4V2 ops
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10CA~

10CC~-
10CE-
10D0~-
10D2~-

- 10D3-

10D6-
10D8-
10DA-
10DC-
10DE-
10DF~-
10E2-
10E4-
10E6~
10E8-
10EA~
10ER~
10EE~
10FO-
10F 2~
10F 4~
10F&6-
10F7-
1OFA~
10FC~-
10FE~-
1100~
1102~
1103-
1106~
1108~
110A-
110G~
110E-
110F-
1112-
1114-
1116-
1118-
i11Aa-
111B~-
111E-
1120~
1122-
1124-
1126-
1127-
1127~
112C-
112E~
1130-
1132~
1133~
1136~
1138~
1134~
113C-
113E-
113F-
1142-
1144~
1146—
1148-
114A~
114B~
114E-
1150~
1152~
1154~
1156~
1157~
115A~
115C~
115E~
1160~
1162-
1163~
1166-
1168-

63

63

&3

63

63

63

63

&3

63

63

63

LDA
8TA
LDA
AND
TAX
LDA
ADC
8TA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
L.DA
ADC
STA

AND
TAX

LDA -

ADC
STA
LDA
AND
TAX
LDA
ADC
8TA
LDA
AND
TAX
LDA
ADC
STA
LLDA
AND
TAX
LDA
ADC
8TA
L.DA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
LDA
ADC
8TA
LDA
AND
TAX

ADC
STA
LDA
AND
TAX
LDA
ADC

LDA
AND
TAX
LDA
ADC
8STA
LDA
AND
TAX
LDA
ADC
STA

#3500
$B2
A7
%89

$46300, X
$B2
$E2
04
%88

$6H3I00, X
B2
$R2
$AS
87

$6300, X
$B2
$B2
$A4
+B8&

$6300, X
$R2
B2
HA3
#85

6300, X
$B2
$B2
$A2
%84

$63I00, X
$B2
sR2
$A1
%83

$6300, X
$B2
$B2
$A0
$82

$63I00, X
B2
B2
SE7
$7F

$6300, X
$B2
$B2
$E4
$7E

$6300, X
$B2
$R2
$ES
$7D

65300, X
$B2
$R2
$E4
$7C

$6300, X
$B2
$B2
$E3
$7B

$6300, X
$B2
$B2

" Start IvsIz

start QivsQ2
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116A-

116C~
116E~
116F-

1172~

1174~
1176~
1178-
117A~
117~
117~
1180~
1182~
1184
1186~
1187~
118A-
118C-
118E~
11920~
1192-
1194~
1196~
1197~
119A~
1190~
119~
11A0-
11A2~
11A3-
11A6-
11A8~
11AA~
11AC~

11AF-
11B2-

11BA-
11BR-

11C0O~
11C2-
11C4~
11C6~
11C8—
1169~
11CR-
11CD-
11CF—-
11D0-
1iD2-
11D3-
11D5~
11D7~
11D9-
11DB-
11DC-
11DE~
11EO0-
11E2-
11E4—
11E6~
11E7~
11EA~
11EC-
11EE~
11FO=-
11F2-
11F3~
11F6—
11F8-
11FA-
11FC~
11FE~
11FF~—~
1202~
1204~

63

63

63

63

63

63

63

&3

63

$E2
$7A

86300, X
$B2
B2
$E1
79

%6300, X
B2
B2
$EO
%78

6300, X

#6300, X
$B2
sR2
$PE
£80

$HZ00, X
$R2
$B2
$DF
77

4300, X
$B2
B2
$DE
%76

BLHZ00, X
B2

$RBZ2
($AC), Y
($AC) . Y
$11D0

#3500
($AC) , Y
($AC), Y

check for -ve lag

finish +ve lag calculation

HAC point to 4V2 Im

#$40
SAC
$11DB
$AD

#4500
B2
sR7
SE7
£89

$6300, X
$B2
B2
$EL
+B88

6300, X
B2
$R2
$ES
%87

6300, X
B2
B2

start Q4 vs I2
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1204~

1208~
120/~
120B-
120E~
1210~
1212-
1214~
12146-
1217~
121A-
121C~
121E~
1220~
1222~
1223~
1224~
1228~
122A—
122C~
122E~
1 22F—
1232~
1234~
1236-
1238~
1234~
123B~-
123E~
1240~
1242~
1244~
1244-
1247~
124A-
124C-
124E~
1250~
1252-
1253~
1256~
1258-
125A~
125C—
125E~
1 25F~
1262-
1264~
1266
1268~
126A-
126B~-
126E-
1270~
1272-
1274~
1276~
1277-
127A-
127C-
127E—~
1280-
1282~
1283~
1284~
1288-
128A-
1280~
128E~
128F-
1292~
1294~
1296~
1298-
129A~
129R—
129€~
1 2A0~
12A2~
12A4-

E4
86

00
B2
B2
E3
85

00

63

63

63

&3

63

63

63

63

63

63

L.DA

TAX
LDA
ADC
8TA
LDA
AND
TAX
LDA
ADC
8TA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
L.DA
ADC
STA
LDA
AND
TAX
LDA
ADC
sTA
L.DA
AND
TAX
LDA
ADC
8ThA
LDA
AND
TAX
L.DA
ADC
STA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
LDA
ADC
87A
LDA
AND
TAX
LDA
ADC
8STA
LDA
AND
TAX
LDA
ADC
STA
BIT
BMI

T $E4

86

6300, X
$B2
B2
$E3
85

$6300, X
$E2
$B2
$E2
$84

$6300, X
$R2
B2
sE1
$83

#6300, X
$B2
$RB2
$EO
82

6300, X
$B2
sR2
A7
s7F

#6300, X
$B7
$R7
AL
$7E

$6300, X
$B7
+B7
A5
$7D

$6300, X
$B7
$R7
$n4
$7C

$6300, X
$B7
$RB7
$A3
$7B

$6300, X
$RB7
sR7
A2
$7A

#6300, X
$B7
%R7
$A1
79

$6300, X
$B7
SRB7
$A0
%78

$6300, X
$B7

sR7
B4
$12D6

el Sl |

start ThvsQ2

skip if -ve lag
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1286~
12A8~
12AA~
12AB~
12AE~-
12RO~
122~
1 2R4~
12B6~
1287~
12BA~
12RC~
12BE~
1200~
12€2~
12C3-
12C6~
12C8~
12CA-
12CC-
12CE~
12CF—
122~
12D4~-
12D6~
12D7~
12D9-
12DR-
12DD~-
12DF ~
12E1—
1263~
12E4~
12E6~
12E8~
1 2EA-
12EB—
12ED-
1 2EE~
1 2F O~
12F 2~
12F 4~
12F 5~
12F 7~
12F9—
1 2FB~
12FC-
12FD-
12FF~
1301~
1303~
1305~
1307~
1308~
130A~
130C~-
130E~
1310~
1311~
1314~
1316~
1318~
131A-
131C~
131D~
1320~
1322~
1324~
1326~
1328-
1329~
1320~
132E-
1330~
1332~
1334~
1335~
1328~
133A-

OF

B2,

AC
08

00

AC

63

63

63

63

63

63

&3

STA

$DF
$81

$6300, X
$B2
$R2
$DE
80

%6300, X
B2
B2
$9F
$77

$6300, X
$RB7
$H7
$9E
$76

$6300, X
%$B7
$B7

($AC) , Y
$B7
$12ED
$B2
($A0) , Y
$12FC

($80),Y
#300
($AC), Y

$12FC

B2
($AC) ,Y
$12FC

#3500
($AC) , Y
($AC), Y

$AC
#$40
$AC
$1307,
$AD

#5000
$R2
A7
9D

$463I00, X
$R2
$R2
$A6
$9C

$6300, X
$RB2
$B2
$AS
$98

6300, X
$E2
$RB2
A4
$9A

$6300, X
$B2
$B2

finish up positive lag calculation

add (B2 minus B?7) to 4V2 Im accum.

move pointer to 4V1 Re

start IhvsIl
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S 133C-

133~
1340~
1341~
1344~
1346—
1348~
134A-
134C~
134D~
1350
1352~
1354
1356~
1358~
1359-
135C-
135E~
1360-
1362~
1364-
1365~
13468~
136A~
1360~
136E~
1370~
1371-
1374~
1376-
1378-
137A-
137C~
137D~
1380-
1382-
1384-
1386~
1388~
1389-
138C-
138E~
1390~
1392-
1394~
1395-
1398-
139A-
139C~
139E-
13A0~
13A1-
13A4-
13A6-
13AB~-
13AA~
13AC~
13AD-
13RO~
1382~
13B4—
13B6~
13R8~
1389~
13RC~
13BE~
13C0~-
1302~
13C4~-
13CS-
13C8~
13CA-
13CC-
13CE~

63

63

63

&3

&3

&3

&3

63

63

&3

&3

AT
$99

$6300, X
$B2
$B2
$AZ
$98

$6300, X
$B2
$B2
$01
$97

6300, X
$R2
$B2
$A0
946

$6300, X
$B2
$B2
$E7
$93

6300, X
B2
$RB2
$E6
%92

$6300, X
$B2
$B2
$ES
$91

65300, X
B2
$B2
$E4
$90

$6300, X
$B2
$B2
$EI
$8F

$4700, X
$B2
$R2
$E2
$8E

$6X00, X
sR2
$B2
$E1
8D

$6300, X
B2
B2
SEQ
$8C

$6300, X
$B2
$B2
$B4
$1400

start.. QivsQl

skip if -ve lag
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s £ i
13D0- AS 9F LDA $9F finish positive lags
13D2~ 25 95 AND $95
13D4~ AA TAX

13D5- BD 00 &3 LDA $6300,X
13DB- 65 B2 ADC $R2
13DA- 85 B2 STA $B2
13DC- A5 9E LDA $9E
13DE~ 25 94 AND %94
13E0~- AA TAX

13E1- BD 00 &3 LDA $6300, X
13E4~ &5 B2 ADC $R2
13EL~ 85 B2 8TA $RB2
13EB- AS DF LDA $DF
13EA- 25 8B AND %8B
13EC- AA TAX

13ED~ BD 00 43 LDA $6300, X
13FO- 65 B2 ADC $RB2
13F2— 85 B2 STA $R2

13F 4~ AS DE LDA $DE
13F6—- 25 BA AND $8A
13FB8~- AA TAX

13F9— BD 00O &3 LDA $46300, X
13FC- 65 B2 ADC $R2
13FE- 85 B2 STA $R2
1400~ 71 AC ADC ($AC) , Y
1402~ ?1 AC STA ($AC) , Y
1404~ 20 08 BCC $140E
1406~ 88 DEY

1407~ AT 00 LDA #3500
1409~ 71 AC ADC ($AC) , Y
140B~- ?1 AC STA ($AC) , Y
140D- c8 INY

140E~ AS AC LDA $AC move Xcor accum pointer to 4Vi Im
1410~ 8 SEC

1414~ E®? 40 SRC #$40
1413~ 85 AC STA $AC
1415~ RO 02 BCS $1419
1417~ C6 AD DEC $AD
1419— i8 cLC

141A~- A% 00 LDA #$00
141C~ 85 B2 8TA $R2
141E- 85 B7 STA $R7
1420~ AS E7 LDA  $E7 start QUvsIi
1422~ 25 9D AND %$9D
1424~ AR TAX

1425~ BD 00 43 LDA $6300, X
1428~ &5 B2 ADC $R2
142A—- 85 B2 8TA $B2
1420~ AS E&6 LDA $E6
142E- 25 9C AND $9C
14Z0- AA TAX

1431~ BD 00 &3 LDA $6300, X
1434~ 65 B2 ADC $R2
14346~ 85 B2 STA $R2
1438~ AS ES LDA $EH
143A- 25 9B AND $9B
143C—- AA TAX

143D— BD 00 63 LDA $6300, X
1440 65 B2 ADC $B2
1442~ 85 B2 STA $RB2
1444~ AS E4 L.DA $E4
1446~ 25 9A AND $9A
1448- AA TAX

1449- BD 00 &3 LDA $6300, X
144C- 65 B2 ADC $B2
144E— a5 B2 STA $B2
1450~ AS EI LDA $E3
1452- 25 99 AND $99
1454 AA TAX

1455~ BD 00 63 LDA $6F00 X
1458~ &5 B2 ADC $B2
145A~ 8% B2 STA $RB2
1450~ AS E2 LDA $E2
145E~ 25 98 AND $98
1460~ AA TAX

1461~ BD 00 63 LDA 6300, X
1464~ &5 B2 ADC $R2
1466— 85 B2 8TA $B2
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Taee-
 146A-

1446C—-
146D~
1470-
1472~
1474—
1476~
1478-
1479~
147C~
147E~
1480~
1482~
1484~
1485~
1488-
148A~
148C-
148E~
1490-
1491~
1494
1496—
1498~
149A~-
149C~
149D~
14A0~
14A2~
14A4~
14A6—
14AB-
14A9-
14AC-
14AE~
14AR0O-
14B2-
14R4~
14B5—
14R8-—
14BA—
1 ABC~-
14BE~
14C0-
14C1—-
14C4-
14Cé6~
14C8-
14CA-
14CC-
14CD-
14D0-
1402~
14D4~
14D6&—
14D8-
14D9—
14DC—"
14DE-
14E0~
14E2~
14E4~
14E6-
14E8—
14E9~
14EC-
14EE~-
14F0O-
14F2~
14F 4~
14F 55—
14F B~
14FA—
14FC—-
14FE-
1500-
1501-
1504~
1506~
1508~
150A~
150C—
150D—
1510~
1512~

&3

63

&3

63

43

&3

63

63

&3

63

63

63

&3

AND
TAX
LDA
ADC
8TA

$E1

97

$6300, X
$R2
$R2
$EO
$96

H6300, X
B2
B2
A7
93

$4300, X
$B7
$B7
$Ab
$92

$6300, X
$B7
$B7
$AS
$91

$6300, X
$R7
$B7
$A4
$90

$6300, X
$B7

$B7
$AT .
$8F

$6300, X
$B7
$B7
$A2
$8E

$6300, X
$B7
$B7
$A1
$8D

$4300, X
$R7
$B7
$A0
$8C

$6300, X
$R7
$B7
$B4
$1514
$DF
$95

$6300, X
$B2
$B2
$DE
$94

$6300, X
$B2
$B2
$9F

H#5300, X
$B7
$B7

start IhvsQl

skip if -ve lags
finish up +ve lag calculation
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1514
1515-
1517~
1519~
1518~
151D-
151F~
1521~
1522-
1524~
1526~
1528-
1529-
152B-
152C-
152E~
1530-
1532~
1533~
1535~
1537~
1539~
153A-
153C—
153E~
153F -
1541
1543~
1545-
1547~
1549~
154B~
154D~
154F -
1551~
1553~
1554~
1556~
1558~
155A~
155C—
155E-
1560-
1562-
1564-
1566~
1568~
1569
156A-
156C—
156E-
1570~
1572~
1574-
1576~
1578~
157/~
157D~
157E~
157F -
1581
1582-
1584-
1586-
1588~
158A—
158C-
158E~
1590~
1592~
1594~
1596~
1597~
1599-
159B-
159D~
159F -~
15A1-
15A3~
15A5~
15A7-
15A9-
15AB-
15AE~

AC
B7

B2
AC
19
AC

AC

83 CE

T BEC

LDA
8SBC
BCS

STA
BCS
DEY
LDA

8TA
INY
BNE
cLC
ADC
STA
BCC
DEY
LDA
ADC
STA
INY
BIT
BPL
cLc
ROL
ROL.
ROL
ROL
ROL
ROL
ROL
ROL
ROL
ROL
CLC
ROL
ROL
ROL
ROL
ROL
ROL
ROL.
ROL
ROL
ROL
DEY
DEY
CPY
BNE
L.DA

STA
8STA
STA
STA
JMP
DEY
DEY
BEG
Ci.C
ROL
ROL
ROL
ROL.
ROL
ROL.
ROL
ROL.
ROL.
ROL
CLC
ROL.
ROL
ROL
ROL
ROL
ROL
ROL.
ROL
ROL
ROL
IMP
RTS

($AC),

$R7
#1528
B2

($AC),

$153A

($AC) ,

#$00

($AC) ,

$153A

sR2

($a0) ,

$153A

#300

($80) ,
($AC) ,

B4
137D

$A?
$AB
$A7
A6
BAS
A4
$A3
SAZ
$A1
$A0

$EF
$E8
sE7
$E6
$ES
$E4
$E3
SE2
SEL
$EO

#8520
$157A
#H00
B4
$PE
$9F
$DE

$OEB3

$OEB3

=—""add. QivsTi-ThvsQl to xcor accum

Y

Y

Y

Y

Y

Y
Y

ZERYRET 2 R

AT 4
&)

—————— end of add
now shift sequence by 1 bit (# bytes to rol
diff for -ve or (0&+ve) lags

ROLL Il 1 bit to left

-ve lag

ROLL Q4 1 bit to left

-ve lag

decrement lag cntr/xcor accum pointer

next lag=zero lag?
yes,so set O&tve lag flag

and clear 2 bytes below rolling binary
and skip around
tdo the following after 0 or +ve lags only

finished all lags,so quit

roll I4 left by 1 bit
+ve lags

roll Q4 left by 1 bit

+ve lags

whew!
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fory

15C0~ g5 ti
1202_ 'gs B; ;32 :;39 point to 14(8 by'tes) COUNT #1's in I1,Q1 (2 ms)
igg:_ gg 22 ;32 :2’; n.b., C3 points at Re auto
15C8-  AS CO LDA  sco [77 used? accun
15CA- B85 AB 8TA  $AB
15CC- A9 1A LDA  ##1A
1SCE- 85 BO 8TA  $BO '"lag" pointer to Re auto accum.(=#1's in Ih)
1SDo- A5 B7 LDA  $B7 !
15D2- 20 40 16 JoR  #ieap Coouwnt #1's for seq. polnted at by $87
15D5- A4 BO LDY  $BO
15D7~ 18 cLe and add to #1's store
15D8- 71 C3 ADC (303 ,Y
15DA~ 91 C3 sTA  ($C3),Y
15DC~ 90 08 BCC  $15E6
15DE- 88 DEY
15DF- A9 00 LDA  #$00
18E1- 71 C3 ADC  ($C3),Y
15E3~ 91 €3 STA (303, Y
155~ €8 INY
15E4—- AS B7 LDA  &B7
158~ i8 cLC move to next antenna, I comp.
1569~ &9 14 ADC  #%14
15ER- 8BS B7 STA  $B7
1SED- Cc8 INY
15EE- €8 INY
1SEF~ 84 BO STY  $BO
15F 1~ co 22 CrPY #$22 last I comp?
15F3- DO DB BNE  $15DO0 . . .. . . o .
15F5—- A% 20 LDA  #3$20 now Im accum (for #1's in Q sequences)
15F7- 85 BO sTA  $BO
15F9- A9 BR LDA  #4BB point to Q1
15FB- 85 B7 sTA  $B7
15FD~ EA NOP
1SFE-  EA NOP
15FF- EA NOP
1600~ AS C4 LDA  $C4
1602~ 85 AF STA  $AF
1604~ A5 C3 LDA  $C3
1 606~ 28 SEC construct pointer to Im accum.
1607- E9 20 SBC  #%20
1609- B85 AE STA  $AE
160B- BO 02 BCS  $160F
160D- €& AF DEC  $AF
160F—- A5 B7 LDA  $B7 '
1611~ 20 40 16 JoR  siea0  Eot#l's
16414~ A4 BO LDY  $BO
1616~ 18 cLe
1617- 71 AE ADC ($AE) , Y
1619~ 91 AE sTA ($AEY,Y
1641B— 90 08 BCC  $1625
161D- B8 DEY
161E- A9 00 LDA  #3%00
1620- 71 AE ADC  (BAE),Y’
1622~ 91 AE STA  ($AE),Y
1624~ C8 INY
1625~ AS B7 LDA  $B7
1627- 3B SEC next Q sequence
1628~ E9 14 SBC  #%14
1624~ 85 B7 sTA  $B7
t62c- 88 DEY next antenna/Rx
162D~ B8 DEY
162E~ 84 BO sTY  &BO
1630~ CO 18 CPY  #%18 last Rx?
1632- DO DB BNE  $1&0F no
1634—- 60 RTS yes,so quit
1640~ 85 CD. STA  $CD addr. L COUNT #1's in 8 BYTE SEQS
1642~ A% 00 LDA  #$00
1644~ 85 CE sSTA  $CE addr. H
1646~ B85 B2 STA  $B2 acoum,
1648~ 18 cLC
1649- A0 08 LDY  #$08 8 bytes
164B- Bl CD LDA  ($CD),Y
164D- AA TAX
164E~  BD 00 &3 LDA  $6300,X Llook up #1-bits
1651~ &5 B2 ADC B2
1653~ 85 B2 STA  $B2
16455~ 68 DEY
1656—- DO F3 BNE  $164B
1658~ _ 60 RTS
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s ’ s

i:;g_ g; g: ;22 :;34 antenna counter AUTO CORREL {(46ms)
o O S
1678~ a2 os LDX #4088 move 8 bytes to zero-page 'rolling' stores
1674~ BS 95 LbA  ¢95,x Ii

1670~ 95 9F STA  $9F, X (moves ANT#1,but later other ANT# segs moved
167E~ BS BB LDA  $BR,X Qi into this store)
1680~ 95 DF 8TA $DF, X

1682~ CA DEX

1683~ DO F§ BNE $147A

14685~ A% 00 LDA #5000 clear 2 bytes below rolling binary
1687~ 85 9E 8TA $9E

1689~ 85 9F 8STA $9F

14648B— 85 DE STA $DE

168D~ B85 DF 8TA  $DF

168F~ AO 18 LDY #4188 lag pointer(note top 4 lags contain #1's data,not acor
1691- AS C3 LDA $C3

1693- 85 AC STA $AC

1695- AS C4 LDA  $C4 point to Re
1697- 85 AD STA #$AD

1699~ i8 cLe

169A- 26 A7 ROL $A7

169C- 26 AL ROL $A6

169E~ 26 AS ROL $AS

1 6A0~ 26 A4 ROL. $A4

16A2- 26 A3 ROL $A3

16A4~ 26 AZ ROL $A2

16A6~ 26 Al ROL A1

16A8~ 26 RO ROL $A0

16AA~ 26 9F ROL $9F

16AC- 24 QE ROL $9E

146AE- i8 CLC

16AF- 26 E7 ROL $E7

16B1~ 26 Eb ROL $EL

16R3~ 246 ES ROL $ES

16B5- 26 E4 ROL $E4

16R7- 26 E3 ROL $EZ

16B9- 24 E2 ROL $E2

1 6BB~ 26 E1 ROL $E1

164BD~ 26 EQ ROL $EO

1 6BF— 26 DF ROL $DF

16C1~ 26 DE ROL $DE

16C3~ i8 CLC start IlvsIi
16C4~ AT 00 LDA #$00

16C6— 85 B2 STA $R2

16C8~ AS A7 LDA _$A7

1 6CA- 25 9D AND $9D

164CC~ AR TAX

16CD- BD 00 &3 L.DA FLHI00, X

16D0O~ &3 B2 ADC B2

16D2- 85 B2 STA $R2 ,
16D4~ AS AL LDA $AL

16D&- 25 9C AND $9C

16D8- AA TAX

146D9- BD 00 63 LDA $6300, X

16DC~ &5 B2 ADC $B2

16DE~ 85 B2 8TA $R2

16E0~ AS AS LDA $AS

16E2- 25 9B AND $9B

16E4~- AA TAX

1 6ES- BD 00 &3 LDA $6300, X

16E8~ &5 B2 ADC $B2

16EA- 85 B2 STA $R2

16EC- AS A4 LDA A4

1 6EE~ 25 9A AND $9A

16F 0~ AA TAX

16F1- BD 00 &3 LDA $6300, X

16F4— &5 B2 ADC $B2

1 6F 6 85 B2 8TA $R2

16F 8~ AS A3 LDbA $A3

16FA- 25 99 AND %99

16FC~ AA TAX

16F D~ BD 00 63 LDA $6300, X

1700~ &5 B2 . ADC $B2

1702~ 85 B2 87A $R2

1704~ AS A2 LDA $A2

1706~ 25 98 AND $98

1708~ AA TAX

1709~ BD 00 63 LDA $6300, X

170C~ &5 B2 ADC $B2

170E~ 85 B2 STA $R2
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1710~
1712-
1714~
1715~
1718-
171A-
171C~
171E-
1720~
1721~
1724~
1726—
1728~
172A-
172C~
172D-
1730~
1732
1734-
1736—
1738~
1729~
173C-
173E~
1740~
1742-
1744~
1745-
1748-
174A~
174C~
174E~

17AE-

63

63

63

63

63

63

63

63

63

63

&3

&3

%97

$6300, X
$B2
$B2
$A0
$96

$6300, X

B2

$R2

$E7 start QivsQl
$93

$6300, X
$B2
B2
$ES
92

$6300, X
$B2
$B2
$ES
$91

$6300, X
$B2
$R2
$E4
$90

#6300, X
B2
sB2
$E3
S8F

$6300, X
$R2
$B2
$E2
$BE

$6300, X
B2
B2
$E1
+8D

$6300, X
B2
$R2
$EO
+8C

6300, X
sB2
B2

$9F add in last two'bytes (this routine was lifted
$£95 from 4V1 xcor)

$6300, X
$B2
$B2
$9E
$94

6300, X
$B2
$RB2
$DF
+8B

$6300, X

%B2
$B2
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63

63

63

63

&3

63

63

63

63

LDA
AND
TAX
L.DA
ADC
STA
ADC
STA
BCC
DEY
LDA
ADC
8TA
INY
LDA

$6300, X
$B2
$B2
$E3
$77

$6300, X
B2
$R2
$E2
$98

6300, X
$B2
$RB2
sEL
97

#6300, X
$B2
$B2
$EO
96

#6300, X
$B2
B2

%,

add to Re accum (all antennas in same accum)

mové édo¥ ﬁoiﬁ%éi £5 Iﬁ

start QivsIi
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183C~
182E~
1840-
1841-
1844~
1846~
1848~
184A—
184C-
184D~
1850~
1852-
1854—
1856~
1858~
1859~
185C-
185E-
1860-
1862~
1864~
1865-
1868~
186A~
186C~
186E~-
1870-
1871-
1874~
1876-
1878~
187A~
187C-
187D~
1880~
1882-
1884~
1886~
1888~
1889—
188C~-
188E—~
1890~
1892~
1894~
1895~
1898~
189A~
189C-
189D~
189E-~
189F -~
18A0~
1BA2~
18A4~
18A5-
18A8~

63

&3

63

63

63

&3

63

63

63

&3

&3

LDA
AND
TAX
LDA
ADC
8TA
L.DA
AND
TAX
LDA
ADC
8TA

AND
TAX
L.DA
ADC
STA

$A7
$93

$6300, X
$B7
$B7
$A6
$92

%6300, X
$B7
s$B7
$AT
$91

$6300, X
$B7
$B7
$A4
$90

6300, X
$B7
$B7
$A3
S8F

$6300, X
$B7
$B7
A2
$8E

%6300, X
$B7
$B7
A1
8D

6300, X
$B7
$R7
$A0
$8C

6300, X
$B7
$B7

&DF
$95

$6T00, X
B2
$B2
$DE
24

$6300, X
$B2
$B2
$9F
%8B

$6300, X
$B7
$R7
S9E
+8A

$6300, X

c%B7 .

$B7

start IivsQl

finish up last 2 bytes
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18D0- 3 SEC add QivsIi-IivsQi to Im accum.
18D1— Bl AC LDA  ($AC),Y
18D3-  E5 B7 SBC  #B7
18D5-  BO 10 BCS  $1BE7
18D7- &5 B2 ADC  $R2
18D9~ 91 AC STA  ($AC),Y
18DE~  BO 19 BCS  $18F&
18DD~ 88 DEY
1BDE- Bl AC LDA  (3AC),Y
1BEO-  EY 00 SEC  #$00
18E2—~ 9t AC STA  ($AC),Y
1BE4- €8 INY
18ES~ DO OF BNE  $18Fé&
1BE7- 18 cLe
1BEG~ &5 B2 ADC  $B2
1BEA- 91 AC STA  ($AC),Y
18EC- 90 08 BCC  $18F6&
1BEE- B8 DEY
1BEF- A% 00 LDA #3000
18F1—- 71 AC ADC  ($AC),Y
| 18F3~ 91 AC STA  ($AC),Y
1BFS- €8 INY e end of add
18F6~ 68 DEY
18F7- 88 DEY
18F8~ FO O3 BEQ  $18FD
18FA-  4C 91 16 IMF #1691
18FD~ C4 B4 DEC B4 next antenna
| 18FF~  FO 1B BEQ  $1919
E 1901- A5 AA LDA  $AA
; izgz_ Eg 14 ggg 4814 move next antenna to ant#1 store
1906~ 85 AA STA  $AA (T and Q data)
1308~ A9 0O LDA  #$00
1908- 85 AR STA  %AR
190C- A0 14 LDY  #%14
190E- Bl AA LDA  ($AA),Y
1910~ 99 89 00 STA  $0089,Y
1913~ 88 DEY
1914~ Do F8 BNE  $190E
1916— 4C 78 16 JMF #1678
1919~ 60 RIS
1920-  AS BF LDA  $BF TRANSFER BINARY TO ZERO PAGE
1922- 85 AA 5TA  $AA bin T1
1924- A5 CO LDA  $CO
1926~ B85 AB STA  $AB
1928—- A2 50 LDX  #%$50 8x10 bytes
192A- A9 OA LDA  #30A 10 bytes/ant/component
192C~ B89 B2 8TA B2
192E—- A4 B9 LDY  $B9
1950~ Bl AA L.DA ($AA) Y
1932~ 95 4D STA  $4D,X
1974-  CA DEX
1935—-  FO 12 BEQ %1949
1937~ 88 DEY
8- $193C
i??iﬁi— :\g ?f‘ EPDb HE1F wrap around pointer in original data store
193C- €6 B2 DEC  $R2
19ZE-~ DO FO BNE  $1930
1940~ AS AR L.DA H$AB
2- 3 SEC
1333— Eg 04 SBC #3504 next component (I or Q)
1945- 85 AR 8TA  $AB
1947- DO E1 BNE  $1924 forced branch
1949~ b0 RTS
iS50-  AD 4C 04 LDA  $044C NMI PROCESSING
1953- €9 AL cMP  #%A0  scrn=" "7 ————
1955- Do 07 ENE  $195E no (NMI operated by 5 min
1957- A9 B1 LDA #$B1  yes,s0 time-out counter in
1959~ 8D 4C 04 8TA  $044C write "1V on screen hardware. )
195C- DO O3 BNE  $1961 fmﬁeilmanch
- 044C Jjust incr. screen
leei- 20 ED iC 3R sicED gnq display cpwf2 status (i.e. where was 1t stuck?)
1964~ 20 FB 19 JBR  $19F8 turn off Tx . .
T1967-  4C 40 09 JMP  $0940 and return to START (NMI entry)
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NOV 3 0 1989 ’

1970~ A 10 LDA #$10 set CPU#2 status TAPE DUMP
1972- 85 R& 85TA  $B& ————
1974~ 20 07 1iF ISR #1F07 check for end of tape(pop addr, and rtn from here
1977~ 20 12 OE JBR $0E12 turn on Tx rate if sol)
(to mark dump)
1974~  EA NOF
1978~ A% 00 LDA H#$00
197D~ 85 19 5TA 19 set starting addr. for dump,($4gp¢g)
197F—~ A9 40 LDA  #$40
1981—- 85 1A sTA  $1A
1983~ A9 CO LDA  #$CO set length(#bybe=$6CH= 2 recs of $36fea)
1985~  BS5 1R STA  $1B ’ ;
1987~ A9 06 LDA #3064 : i
1989- B85 1C 5TA  $1C )
198E~ A9 0O LDA  #3$00 g select drive #0
198D~ B85 iD STA  $1iD
198F~ A9 82 LDA #$82 3 set drive characteristics (DEC TSP3)
1991—-  BS 1E 8TA  $1E
199%— 20 0C €7 JSR  $C70C €¢—— write tape block to tape (EPROM routine)
1996- A5 CS LbA  $C5 file gap req'd?
1998-  FO OC BEQ  $19A& no
1994~ AD O0A O3 LDA $OI0A yes, is H,, = 0?( i.e. end of day for analysed
199D—- DO 07 BNE #1906 ne,so no 8 yet, data)
199F~ AT OO0 LDA #3500 yes,so clear FG flag
i9A1- 85 CS STA  $C5
19/~ 20 50 IF JSR FLIFS0 and write file gap
19a6—- 20 F8 19 JSR  $19F8 and turn off Tx
19A9~  EA NOF
19AA- AS 1F LDA $1F w» check status of tape wrilte,
19AC-  FO 12 EED  $19CO zero if OK,so skip
19AE- 20 18 1C JSR $1C18 e not ok,so write "tape drive not- ready" on scrn.
19K~ A% Bb LDA $Ro is this the first try?
1983~ DO Ol BNE  $19R& yes
19RS— 50 RTS no,tried twice, so quit and try again fgﬁ__gg_xp
19R6~ 20 D1 19 JI5R $19D1 go through drive reset procedure Tecord.,
19B9—- A% 00 LDA  #$00 },___ clear CPUA2 status (4l mawkeendcl It weite Toy
19BB- 85 B4 STA  $Ré
19ED-  4C 93 19 JIMP $1993 and go back for 2nd try.
1900~ 20 EO 1R JSR $1BEOD ¢— VWrite was ok,so clear any "not ready" msg,
1903~ AS RBb LDA $R6 4 check to see if this was the 2nd try
1905~ DO O3 BNE  $19CA no, it was the first,
1907 20 20 1F JSR $1F20 4= Yyes,so drive was successfully init.on 2nd try,
- so increment screen cntr
19CA- A% OO LDA  #$0073 . clear status
iscc- 85 Bé 8TA  $Rb
19CE~ &0 RTS end of dump routine
i9CF=  FF i
19D0~  FF 277
19Di—- A9 1E LDA  #$1E "load" low
19D3E—~ 20 EC 19 JSR  $19EC  send&delay RESET TAPE DRIVE
19D6— A? 1F LDA #H1F "load"high note:PBO,PB1,PB2 must normally be
19DB- 20 EC 19 JSR  $19EC  send&delay high (active low)
19DE~ A9 1B LDA  #$1B “test" low
19DD- 20 EC 19 JSR  $19EC send&lelay PBO=1oad, PBl=on-line,PB2=test
19E0~ A9 1IF LDA  #$1F "test" high (drive controls)
i9E2~- 20 EC 19 JSR  $19EC
19ES- A9 1D LDA  #$1D "on-line" low
19E7— 20 EC 19 ISR $1%EC
19EA- A% IF LDA  #3$1F "on-line"high
19EC— 8D 02 CS STA $C502 send to port
19EF~- A0 04 LDY  #3%04 S
19F 1~ 20 A8 FC JSR SFCAB approx 0.5 s delay
19F4— 88 DEY
19F5— DO FA ENE  $19F1
19F7~ &0 RTS
19F8- A9 38 LDA #EIE select DDR INITIALIZE TAPE RESET/TX
19FA—- 8D 03 CS STA  $05073 SONTROT PORT
19FD- A9 1IF LDA  #$1F lowest 5 bits ofp SR R
19FF~ @D 02 C5 5TA  $CHOR
1802~ A9 30 LpAa  #$3C  select port(CB2 high) (bit 3 = tx entl )
1804~ 8D O3 C5 STA  $C503 ( high=off )
1A07~ A9 1F LDA  #%1F  all o/p high (as after reset)
1AG9~ 8D 02 C5 sSTA  $0502 s0 Tx=off)
1A0OC— RTS
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AT 7 TS W £

NV 3O MR 0

T Into- Ag 28 LDA #4208 :
. 1A12- 8D El CO STA mc»ml select DDR COMM, LINK TO C128
L 1A1S~ A% 00 LDA  #$00
Mo Bb RO co  STA  $coBo § A1l bits input
1A1A- A9 2C LDA  #$2C
© jpaiC—  BD Bi CO sTA sCop § et ontl reg. o strobe CA2 on read '“’
1AlF- AD Bt CO LDA  $COR1  C128 ready?
1A22- 30 07 BMI  $1A2B Yyes
ipR4— A9 o1 LDA #4501 3 no??, so reset lst rec flag(so discaxd next data back)
1A26~ BS BA sTA  $BA
1AZ8~ 4c 00 1C JHP $1CO0 and go to display msg "C128 not ready”,and return
1AZB- 20 EO 1B JSR $1BEO  ok,it is ready,so clear any previous msg
i:;%_ g; ;2 ;?2 ::28 and set CPU#2 status "in €128 comm.” 4
12:‘52___ g; g:)’ ggz :Zi::m read a.na.lysed.da.t.a from C128
iATe A9 BC DA #$BC and store in BCAB-BFFF (from bottom up!)
1AZ8— 85 Al sSTA %Al
1ATA—  AD AD LDY  #$R0
iAZC~ AD Bl CO  LDA  $COB1 wait for flag
| 1AZF- 10 FE BFL  $1A3C ceod
' 1p41-  AD BO CO LDA  $CORO ¢ :
1A44~ 91 AO STA  ($A0),Y data  port (auto stobe out)
1pd46—  C8 INY
1A47- DO FZ BNE  $1A3C
1A45—  E& Al INC  $61
1AdR-  AS A1 LDA %Al
1A4D- €9 CO CMF  #%CO
1A4F~ DO EB ENE  $1AZC
1A51- EA NOF
1AS2-  AD RE RC LDA  $BCEE look at comm link chaek bytes
1AS5—- FO O3 REQ  $1ASA this one's ok,try the other
1A57-  4C F8 1B JMF  $1BFB bad!- so write "COMM#3 ERR" and stop program / s Jund To
1ASA—-  AD BF BC LDA  $BCEBF should be $FF , NWT tECTon
1AED— €9 Fz CHMF  #%FF is 117
1ASF— Do F BNE $1ASY no!, so pull the brake cord! g
1A61-  EA NOF' ok, Tb Restacy
1A62-  EA NOF
1A63~ A9 3B LDA #4386
© {p&5- 8D E1 CO 5TA ascc»mtf select DDR
1A6B- A9 FF LDA  #$FF
' ipeA- 8D EO CO STA  $CORO 3 all bits output
1222_ gg B? co ;?2 :éggi select port, manual cntl of CA2
1A72~  AD FF 5F LDA  %SFFF A/D status
1A75- gp 8C ERC STA $RCBC save it in tape d/t store
1A78~ EA NOF
1479~ a9 40 L DA #$40 send data from $BCOF down to %844?5
1A7E~ B85 AD STA  $A0 to €128 (3386}6 bytes
1A7D— A% EC LDA  #$EC . .
1A7F- B85 Al sTA %A1
1A81-  AO SF LDY  #$5F
1AB3~ Bi AO LDA  ($AD),Y
iABS~  BD BO CO 8TA  $COEO -— store data in port
| 1AEB- A9 34 LDA  #$34
iABA-  BD Bl CO STA  $COEL
1ABD- A9 3C LDA  #$3C toggle CAZ ’“-
1ABF- BD E1 CO STA  $COB1
1A92-  AD B1 CO LDA  $COB1 wait for response
1A95~ 10 FR BFL  $1A92
1A97—- AD BO €O LDA  $COBO clear response flag
1A9a—- B8 DEY
1A9B- CO FF CFY  #%FF
1ASD- DO E4 BNE  $1A83
1A9F-  C& At DEC %Al
1AAL- A5 AL LDA A1
1AAZ- C9 83 CMF  #4$87
1aAS—- DO DC ENE  $1A83
18A7—~ A9 DO LDA  HH00
1AA9- 85 B6 8TA  $BE6 } clear CPU#2 status msg
1AAB- 60 RTS
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; NOV- 30 989 .
1AEO- A5 Ch LbA  sC&  Doff S T .
1AR2— 18 cLC FINAL DATA ENTRY
1AR3— 69 01 ADC  #%$01 = last data pos'n
1AES— €9 20 CHMF  #$Z20 (write zeroes and move
1AB7— DO 02 BNE $1AEB pointer Doff aleng to
1AES— A% 00 LDA  #3$00 finish record)
1AEE—  4A LSR
1ARC— an LSk called from IRQ process. at end
1AED-  4A LSR of record,
1AEE-  FO 0B EEQ  $1ACSB SEC
1ACO- 0A . ASL <n¢ 41
1AC1- 0A ASL ISR g .
1ACZ2~ (o] ASL o BCS INCA (uv.rr,u' )
1AC3~ 18 TELE. 2 )
1AC4- 69 05 ADC\§$05 final pos'n of datat+l pointer
1ACH— 90 02 BCC /“$1ACA
1ACB- A9 1D TDA  #%1D
1ACA- 85 CA sTA $CA there are only a few pos'ns they
1ACC— A% 20 LDA #4720 can be at,logically-(4 of them?)
1 ACE- 85 C7 sSTA $C7 SO program uses trick to get
1ADO- A9 84 LDA  #$84 quickest result?
1ADZ- B85 C8 STA  $C8
1AD4—- A9 08 _ LDA  #$08
1AD4—- 85 CR STA  $CE
1ADB- A2 20 LDX #$20
1ADA—-  BD FF &3 LDA  $63FF, X
1ADD- 85 CC STA  $CC
1ADF- A4 Cb LDY  $Cb
1AE1—- A9 00 LDA  #$00
1AE3- 91 C7 STA ($C7),Y
1AES—- 88 DEY
1AE6— 10 02 BFL  $1AEA
1AE8- A0 1IF LDY  #$1F
1AEA- C4 CC CFY  $CC
1AEC- DO OF ENE  $1AF1
1 AEE— 4C 10 1C JHMP $1C10 oops! Jjust about to write over data still used by
1aF1—- C4 CA CPY  $CA analysis-so :"WRAP AT END" and stop
1AF3- DO EE BNE  $1AEZ
1AFS—- A5 C7 LDA  %C7
1AF7- 38 SEC
1AF8~- E9 20 SEC  #$20
1AFA- 85 C7 STA  $C7
1AFC—~  EO 02 BCS  $1BOO
1AFE- C& C8 DEC  4$C8
1ROO—-  CA DEX
1BO1—- DO D7 ENE $1ADA
1BOZ— C& CB DEC  $CB next ht.,
1BOS— DO Di ENE  $1ADS
1BO7—-  AS CA LDA  $CA
1RO9— B85 C6 STA  $Cé
1EOB— 60 RTS
1BOC-  FF 777
1BOD— FF 7?
1 ROE— FF 77
1BOF— _ FF 77
1R10- EA NOF
1E1 e A NOF CHECK FOR RECORD START TIME
1B12-  EA NOF (but don't clear BB,because will
1B13- EA NOF wipe out possible man. start
1B14-  AD 04 03 LDA #0304 Sy request)
1B17- 0D 05 03 ORA  $0305 _ 519 don't start if SEC=f (because
iBiA- - FO OB FEQ  $1B27 =PP,S0 out clock time unstable here!)
1EIC- AD 07 O3F LDA  $0307 Ok M,
1B1F- FO 04 BEQ $1prg =0,s0 start
1E21- €9 05 CMF  #$05 not B, is it 57
i{B23~ DO 02 ENE  $1B27 not = 5, so don't start
E6 ER INC $EBB ok,=0 or 5,so request record start
50 RTS
FF 777
FF 777
FF 777
FF 777
FF 277
FF 777
FF 277
FF 777
20 40 1C  JSR  $1C40 I/Q,/I DISPLAY FINAL PARAMETERS FROM #1
20 40 1R JSR  $1B40 LTMs
EA NOP
EA NOF
EA NOF
60 RTS
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AO

08
AD

Al
D8
AZ
D7

co

&0

DEY
BNE
NOP

#$08 Rx/component pointer  DISPLAY WORST OFFokTS (LIMs)

4508 gaind (a1££.from $86 in BCD )
#4D7 ( if

$A0 ~ve below )
#$é’:o base point to LTM store received from

$A1 CPU#1 , at gain#? to statrt

#$00

A3 to hold signed values of offset

AR save running max offset here

(#A0),Y LM

#$80 get offset rel.to $8f
save signed value on stack
$1BSF +ve value

HSFF -ve value,so get ABS
TTTT—
(don't need) .
#3501
$A2 compare with last max offset(same Rx)
$1B6B . this one is less,so don't keep
$A2 this one is greater,so keep it
and store the corresponding signed value
A3

$1B6C forced branch
dummy operation to elear stack
A0 move base addr., to point at next gain

#$08
$A0
1RB77
*A1
next gain
$1B52
Yo% take max signed value of offset
$60D7,Y and save in gainf?7 store
next Rx/component
$1B42
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1BE3~ EA NOP

1RB4—~ EA NOF now display on screen

1R85~ EA NOP

1B86&~ A9 BS LDA H$B6

1Ege—~ 85 AN sTA $A0 screen addr, for Rx #1

1BBA- A% 05 LDA #4055

1BBC~- 85 AL 8TA $A1

1BBE-  AQ 0B LDY  #%08 Rx/Component pointer

1R90- A9 04 LDA  #304 Rx counter

1R22~ B85 A3 8TA $AT

1B94~ B9 D7 40 LDA  $60D7,Y get Atgmx

1R97~ 48 FHA

198~ 88 DEY for this Rx

1BY9~ B9 D7 60 LDA  $40D7,Y get  AQ

1B9C— 48 PHA

1RZD~ 88 DEY

1B9E~ 84 A2 STY $A2

1 BAO— AD 05 LDY BBOS point to Q-ascii-L on screen

1BAZ2~ A? 02 LDA #$02

1BA4—~  BS A4 STA %04 Tun through Q then I

1BAL~ EA NOP

1BA7 - EA NOF

1BAG~ &8 PLA retrieve Q first

1BAG— 10 OB BFL $1BBb +ve, s0 leave it

1BAB- 49 FF EOR  #$FF -ve,so get ABS value

1BAD~ 18 cLe

1BAE~ 69 01 ADC #$01

1BEO- 20 BO iC JSR  $1CRO convert to ascii BCD(L 4n A,H in X)
1BB3~ 38 SEC set flag to show -ve

1BR4~ BO 04 RCS $1BRA forced branch

1BB6—~ 20 BO 1IC JER $1CBO get ascil BCD for +ve value

1BR9~ i8 CLC clear flag,to show +ve

1BBA- ?1 AO STA ($A0) , Y store L ascil on screen

1 BRC— 88 DEY

1BBD~ 8A TXA

1 BRE~ ?1 A0 STA ($A0) , Y store H ascii on screen

1BCO~ a8g DEY

1BCi- A9 AR LDA #$ARB R

1BC3~ 20 02 BCC %1BC7 € check sign of offset

1BCS- A? AD L.DA #$AD ran

1BC7- ?1 RO STA ($A0), Y store appropriate signh on screen
1BCY~ 88 DEY

1BCA~ C& A4 DEC  3A4 next component (I) mh‘ .Iof{u’rs 2100
1BCC- DO DA BNE  $1BAB wil! shoo <t ;
1BCE- A4 A2 LDY  $A2 restore Y contents ascit chamcbors ]
1BDO- AS A0 LDA A0 .

1BD2~ 18 cLe

{PD3- &9 BO ADG 2480 modify sereen addr, to next line (Rx)
1BD5~ a3 Ao 8TA $AD

1BD7~ {0 02 BCC $1BDR

1BD?- E& AL INC $A1

1 BDR— Coé AZ DEC $A% ¢—~——— next Rx

1BDD~ DO BS BNE $1B94

i BDF— &0 RTS

{BEO~  AD 10 LDY  #$10 CLEAR "PROBLEM" MSG
1BE2~- AT AQ L.DA #$A0

1BE4- 99 S5 04 STA $04SE, Y used if C128 becomes ready or
1BRE7 - 86 DEY tape drive becomes ready
1BEB~ DO FA BNE $1BE4

iBEA- &0 RTS
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AN 4 1391 DEC 1 3 1998
1BF O~ A% 1iE LDA #%1E PRINT TROUBLE MESSAGE
1BF§_ 48 PHA "COMM#1 ERR" then stop or continue
1EBF3- A9 73 LDA  #$73 [ and stop depending. ...
1 BFS- 4C 20 {C JMP $1C20
1BFA- 48 FHA and stop
1BFB— A7 7E LDA H$7E
1BFD— 4C 20 1C JMP $1C20
1C0O0~- A9 1E LDA #$1E
1C02— 48 PHA "1128 NOT READY"
1CO3- A9 B89 Lpa  #sg9 | and continue
1005~ 4C 1D 1C JMP $1C1D
icos~ -~ A9 1E LDA #$1E
1con- 48 PHA "DATA OVERLOAD"
1COB~ A9 98 LDA #4958 and stop
1COD~ 4c 20 1C JMP $1C20
1C10- A9 1E L.DA HH1E
1C12- 48 PHA "WRAP AT END"
1C13- A9 Ab LDA  #%A6 and stop
1015~ 4c 20 1C JMP $1C20
iCig- A7 1E L.DA #%1E
iC1B- A% B2 LDA  #$B2 and continue
1C1D~ 18 cLc clear carry to indicate RTS req'd after display
1CIE~ 20 01 BRCC $1C21 .
1C20- 8 SEC set carry to indicate STOP after display
1021~ 85 AL STA HAO
10273~ &8 PLA
1C24- 85 Al STA A1
1026~ AQ 00 L.DY #4000
iC28- Bl AO LDA  ($A0) .Y " PROBLENS 1 XA X KHXXKKKK "
1C2a- FO 06 BEQ 1052 display message "PR LEMS ¢ XXX
1C2C- 29 SF 04 STA $045F, Y
102F-—- c8 INY
1C30~ DO Féb EBNE $1C28
1C32- 90 07 RCC #1038 check for stop or continue
1CT4~ 78 SE1L want to stop, so set interrupt disable,
1035~ 20 F8 19 JS8R $19F8 turn, off Tx» N .
108~  4C EO IF JME  $1FFO  and jomp to -hppre—menitor—{iverstop progem)
1C3E~ &0 RTS No! keep going and indicate trouble by

incémenting a screen
“then re-start as if
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FEB 2 2 1090 @
1C40- A9 AD LDA  #%AD DISPLAY I/Q or Q/I and ~7
ic4az2- 85 A0 8TA  $A0 ) AT 3 “CA]
1C44- A9 05 LDA  #$05 screen addr, SELEOTED HI# FOR CALCULATION
1C46— 85 Al STA %A1
1cas- A9 04 LDA  #304
1C40~ 85 AR s5TA $A7 Rx(screen 1ine)cntr
1C4C- A0 07 LDY #3507
1CAE~ A9 A0 LDA  #3AD "o
1C50- 91 A0 sTA ($A0) Y clear line
1cs2- 88 DEY
1CS3- 10 FB BFL  $1C30
1C55- AD 02 LDY H#$02 1/Q screen pos'n
1CS57- AL AZ LDX  $AZ
1059~ BD 99 60 LDA 6099, X ratio
icsC- 30 0. EMI $1C6A top bit set(clear) so must be I/Q(Q/I) value
1CSE- A0 07 LDY  #$07 /1 screen pos'n
1CH0~ Ce 64 CHMP #4464 . if value=100, just display 1, no decimal point
1C42~ DO 0& BNE  $1C6A
1064~ A% BI LDA  #$B1 nyn
1066~ 91 AO sTA ($A0), Y
1Ce8- DO 10 BENE  $1C7A
1C6A- 29 7F AND  #$7F strip top bit
1C6C~ 20 BO 1C JSR  $1CRO get ascii BCD
1C6F- 91 A0 sTA ($A0),Y store L char.
1C71- 8A TXA
1c72- 88 DEY
1C73—- 91 AO sTA ($R0) ,Y store H char
1c75~- 88 DEY
1076~ A9 AE LDA  #$AE "
1C78~ 21 AL STA ($A0) ,Y store decimal point
1C7A- A5 A0 LDA  $A0
1c7c- 18 cLc
1C7D- &5 80 ADC  #4$80 mod scrn addr. to next line/Rx
1C7F- 85 A0 STA  $A0
1C81- 90 02 BCC  $1C85
1c83- E6 Al INC %A1
1085- Cb A2 DEC  $A2
1c87- DO C3 BENE  $1C4C
1CB9- A7 20 LDA  #$20 display ht# used(f=lowest gate)
1C8E~ I8 SEC in I/Q,Q/I calc.
1CBC~  ED 9E 60 SBC  $609E
1C8F—~ 20 BO 1IC JSR  $1CRBO ascii BCD
1C92- BE BA 07 8TX  $078A H
1C95~ 8D 8B 07 STA  $078B L
ico8- EA NOP
1099~ A0 20 LDY  #$20
1CYB- A% A0 LDA  #$A0 " "
169D~ 99 D6 OS5 aTA $0SD6, Y clear "data and analysis" line
icAo~ 88 DEY (nothing to do with I/Q, by the way.)
1CAL—- DO FA BNE  $1C%D
1CAZ— Lo RTS
icA4—~  FF 777
1CAS-  FF 777
1CAL—  FF 777
1CA7-  FF 777
icAB-  FF 277
1CA9—  FF 777
1cAA—-  FF 777
1CAR-  FF 277
icAC-  FF 777
1CAD-  FF 777
1CAE- FF 277
1CAF—  FF 777
1CRO-  AZ FF LDX  HsFF CONVERT A to BCD ASCII
1CEZ2~- 38 SEC
iCR3—~ E? OA SBC  #$0A
iCBES-  EB INX
1CB4— BO FB BCS  $1CR3 .
1CEB- 6% OA ADC  #$0A
1CRA- 09 BO ORA  #$BO
iCRC—- 48 PHA
i1CBRD- 8A TXA
1CEE- 09 BO ORA  #$BO
1CCO~ AA TAX ascii H char.
1cCi—- &8 PLA ascii L chak,
10C2- 60 RTS
1CC3~  FF 777
icca—  FF 277
1CCS— FF 277
1CC6—~  FF 7?7
1CC7—~___FF 777
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NOV 30 1989 Q

1cca~ A2 08 LDX #408

oA B oo g [pA 91269, % | 1uare o it DISPLAY CPU#1 STATUS BYTE
1CCD—- 9D 46 06 STA  $06464, X o (located in$FE in CPU#1
1CDO-  CA DEX status=y ‘
1CD1—- DO F7 BNE $1CCA

1CDZE~- AD FE SF LDA $5FFE get status byte

1CD6—  Fo 12 BEQ  $1CEA ok,=f, so skip out

1Chb8- B85 CA sTA  $CA somethinly wrong,so display all bits(msb at left!)
1CDA- AZ 08 L.DX #5089

1CDC- A9 BO LDA  #$BO 0" 8.8 70“00010

1CDE- 44 CA L8R $CA : msb

1CEO~ F0 02 RCC $1CE4

1CE2- A9 Bi LbA  #$B1 "1”

1CE4— D 46 06 STA $0b46, X

1CE7~ CA DEX

1CEB- DO F2 BNE $1CD(3/N.B.!!! have to set Binary arith mode before any
1CEA- D8 CLD -—a—""_ arith. in Interrupt, because clock program,which
{CER- 60 - RTS may be Interrupted, uses decimal mode

1CEC— FF arard

1CED— AS B6 LDA $R6  cpu#2 status byte DISPLAY CPU#2 STATUS BYTE
1CEF~— EA NOP

1CFO- FO 12 EER  $1D04 =f,so not in a comm, ©Only called during NMI
1CF2— 85 A0 STA $A0 link or, tape wr.?? f‘ecovi{y,i.e.ttokshow
1CF 4~ AZ 08 LDX #9508 should never happen, rhere ras stuck.
1CF6— A BO LDA #$R0 so skip out

1CFB—~ 46 AO L8R $A0

1CFA- 0 02 RCC $1CFE

1CFC— A9 Ri LDA HER1 display all bits, msb at left

1CFE~ 2D 44 07 STA $0746, X

iDO1—~ CA DEX

1D0O2—- DO F2 BNE $1CF&

1DO4~ [=18) RTS

1DOS— FF r?

1D0O6— FF arars

1D0O7— FF irarars

1D0O8~ FF P77

1D~ FF rarars

1 DOA~- FF 77

1DORBR— FF Carare

1DoOC— FF o

1DOD~ FF 27

1 DOE~ FF s

1DOF~ FF e

iD10- 20 58 FC JSR sFCc58 clear screen{mon.rout.)SETUP FIXED SCREEN DISPLAY
1D13- AT 40 LDA #440

iD15- 85 A STA %40\ point to ascii data tables

1n17- A% 1D LDA #51D

iD19— 85 Al 8TA A1

(DiB- Ao oo AN ist 2 bytes in data string
1D1D= B,__ A,; s are screen address minus 2 (L&H),
ID1F~ 83 A2 STA $A2 rest are ascii, ends with a
iD21- c8 INY 2670 .

1D22- Bl A0 LDA ($A0), Y. H .. | S :

ipR4~- FO 19 BEQ $1D3F check for end of fixed display data

1D26—- 85 A3 STA A3 H

iD?8- €8 INY -(next) ascii char

iD29- Bl AQ LDA ($AQ) ,Y ascii char

iDZ2B~ FO 05 BEQ $1D32 end of this string,so get new addr,

1D2D- ?1 A2 874 ($A2),Y write ascli char on screen

1D2F~- i8 CcLC

1D3I0O~ Q0 F& BCC $1D28 forced

1D32~ ce

1D‘:-’:3"' 78 modify base screen addr. to point to 1st
1Df2— 12 i byte after § (=low screen addr. byte for
1D35- &5 A next string)

1DZ7- 85 AOC

1DEF~ 20 EO

1DZB— Eé6 Al

1D3D- DO DC

1D3IF— &0
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x1Dbo. 1ECF

iD40~ 88 04 O3 CF CB CS
1D48- CE D4 A0Q D2 D4 D7
1D50- D9 D3 D4 CS5 CD 00
1DS8~ C1 AF C4 A0 DI D4
iD&0- DS DI BA 00 18 07
1D48~ D2 AO D2 CS5 D3 CS
iD70- 00 28 04 D2 DB Al
ib78- C% CE A0 D2 C1 D4
iDBO- C& C& DI CS5 DA 00
1D88~ A3 CE CD €9 EBD 0O
iDR0- A1 C9 AF D1 AD A0
1D98~ €9 At AD AD C9 AQ
1DAO—- 00 28 05 AD AD Al
1DAB~ AD AD AD AD AD AD
1DEO- AD AD AD AD AD 0O
1DR8~ A3 C% CE D4 C& C3
iDCO- D2 DI D4 ED 00 AB
1bC8- Bl Al 0O B 05 Al
1DDO~ 06 AF B2 Al 00 33
1DD8- 00 3IF 06 C3 DO DS
1DEO— BA 00 AB 06 A% B3
1DEB~ B3 06 Al 00 28 07
1DFO—~ A1 00 33 07 Al OO
1DF8- C3 DO DS A3 B2 BA
1EOO— 04 DO D2 CF CZ CC
1E08~ DI BA 00 59 05 C4
1E10~ C1 AD C9? AF DO AO
1E18- €1 CE C1 CC DY D3
1E20— 00 S0 06 CB D4 AZ
1E28~ AD AD AD AD AD AD
1EZ0~ AD AD AD AD AD AD
1E38—- AD AD AD AD AD AD
1E40- AD AD AD AD AD AD
1E48~ 00 85 07 C8 D4 AX
1ES50- 04 AB A0 AD AD DO
1ES8- DI C5 AO C9 CE D4
1E6O~ D2 Ci D4 C% CF CE
1E68~ 0O CF CR A0 A0

D2 C3B
A0 D3
01 07
C1 D4
AZ D4
D4 RD
C7 Ci1
Al CF
45 04
AR 04
D1 AF
A0 Di
AD AD
Al AD
JE 05
CS AD
05 AZ
0o 28
06 Al
A% R1
Al 00
A% B4
IF 07
00 54
Cs €D
Ci D4
A6 AQ
C9? D3
AL AOD
AD AD
AD AD
AD AD
AD AD
0o 87
DS CC
cs c7
A? 00
AQ AO

1E70- A0 AQO QO CZ CF CD CD A3
1E78- Bl AO C5 D2 D2 00 C3 CF

1EBO-
1E88~
1E20~-
1E98~
1EAQ~
1EAB~
1ERO~
1ERS~
1ECO-
1ECB—~

CcD

CD AZX B3 AQ CS

O 43 71 72 78 AO

sS4
c4
D2
ci
c4
4E
a9
41

AD 52 45 41 44
Cit D4 C1 AQ CF
CC CF C1 €4 00
DO AD C1 D4 A0
0O 44 52 49 56
A4F 54 A0 32 45
00 54 41 S50 45
53 54 A0 45 4F

D2 D2
4E 4F
9 00
D& CS
D7 D2
CS CE
45 A0
41 44
AO S0
54 00

NoV 3 0 1989

®

Character strings
for display

fixed screen display

end of fixed display
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separate strings:

1E6A:
1E73;
1E7D:
1E89:
1E98:
1EAG:
1EB2:
1EC2

I|OK "

"COMM#1 ERR"

"GOMM#3 ERR"

"(128 NOT READY" (flashing)
"DATA OVERLOAD"

"WRAP AT END"

"DRIVE NOT READY"(flashing)
"TAPE PAST EOT"(flashing)




[N
JUL 23 1990 NOV 30 189 €Y
1EDO— 20 F8 19 JBR  $19F8 tx off (12.15M budqound
{EDZ~ AD 59 CO  LDA  $C0S9 synch rate=7. 51iz3 JsEr Tx_RaTEsAMOUNT OF TNTEGR.
1ED&—~ AP 04 LDA  #404 amount of integr.=h (depend of time of day)
LEDS- 48 FHA save on stack
1EDS-  AD PA #3 LDA  $f#3fA  H,
1EDC- (¢4 ASL.
{EDD—  OA ASL
1EDE- T ASL.
1EDF- 0A ASL
1EEO- 0D f9 £3 orA  $f3p9  Hy
1EEZ~ €9 OF CME #4603 compare with §3GMT ,
1EES- 90 14 BCC $1EFD less, so stay with 7.5Hz,4 puls integr
1EE7~ Co 16 CMF #4616 compare with 16GMT
1EE9— RO 12 RCS $1FEFD greater or equal, so stay with 7.5Hz, 4 pulse in*
{EEE—~  AD 58 CO LDA $CO58 "nighttime"=03%-152 incl.,so set 60Hz synch
L1EEE- 20 17 OE ISR $OEL7 turn on tx (60 Hz rate)
1EE1— A0 05 LDY  #%05 walt for %+ sec
1EF3E- 20 A8 FC JBR $FCAB
1EF &6~ a8 DEY
1EF7~ DO FA BNE $1EF3
{EF9— 68 FLA clear stack( discard the &)
1EFA- A9 20 LDA  #$20 use 32 pulse integr.
1EFC— 48 FHA save on stack
LEFD- 68 FLA get #pulse integ. off stack
1EFE- BD 92 EC 8TA  $ECY2 save in D/T store
1EOL~ an £7 SE aTA SSEFT put into cmd store going to CPU#1
1F04— &0 RTS )
1FOS-- FF TR
1FO6~ FF rarary
1FO7- AD F1 CO LDA $COF1 drive status Check for EOT
1FOA— 29 40 AND #4400 get eot flag
tFoc-  FO 1t EE@  $1F1F not EOT,so return slot 7 is drive
{FOE- A9 IF LDA  #%1F EOT, so don't want to write! CRA6 is EOT flag
1FL0— 48 FHA push return addr on stack,
1F11- A9 1C L.DA #461C and jump to display "drive at eot" msg
1F13- 48 FHA
1F14- 18 cLe clear flag,so doesn't go to £f69 at end of msg
1F15- A7 1E LDA #$1E
1F17~ 48 FHA load start addr., of message
1F18- A% C2 LLDA #6002
1F1A~ 4 21 1C JMF #1c?1  and display msg after "problems", and rts
{FiD~— &8 FLA to here; now pop last rtn addr. off stack
IF1E~ 6B FLA (don't want to go back to tape dump!)
1F1F— 60 RTS and return to the routine that called tape dump
1F20~ EE 24 07 ING $0724 1inc scrn addr TNCREMENT"#TR RST"on SCREEY
1F23~ AD 24 07 LDA $0724 was screen val
1F26— C? Al CMF #4601 equal to"space'before inc?
1F28- Do 05 EBNE $1F2F no, so inc, will give next digit
1F2A- A7 E1 LDA #EE] yes, so put "i"
1F2C~ 8D 24 07 STA $0O724
1ERE= 40 RIS
1F 30~ AD FB SF LDA $5FFHR get"pwr-up flag"  INCREMENT #INTFC RST on SCREEN
1FEE~ FO OF BEQ %1F44 not set,so return,
\F3S~ EE 4C 05 e #054C  seb,so inc. sorn. (count number of CPU#1 resets)
1F38- AD 4C OS5 LDA #0540 Was scrn addr.
1F3B- c? At CMF #+An1 a "space" before?
1FED~ DO 05 ENE $1F44 no, so ok
1F3F - A9 Bl LDA #ER1 yes,so put "1"
1F41- 8D 4C 05 8TA S0O540
1F44- &HO RTS
1FS0-  AD FF FF LDA  $FFFF
{FS3~ AD FF FF LDA  $FFFF FILE GAE
i{FS6- AD FF FF LDA  $FFFF’
{FS9-  AD FF FF LDA  $FFFF
{FSC-~ AD FF FF LDA  $FFFF dunmny fillex
1FSF-  AD FF FF LDA  $FFFF
1F62- EA NOF
1F&3- EA NOP
1F64— A7 00 LDA #$00 clear
-1F66— 85 C&8 STA $CS file gap flag,
1F68- 20 12 C©7 JSR $C712 and call file gap routine
1F6RB~ &0 RTS
1F&6C—- FF Arrs
1F&aD—~  FF el
1F6E~ FF raras
1F6F~  FF etk
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DEC 13 1320

JAN 4 1858
YF70~ AS BA LDA $BA ist rec? TAPE STORE(DU"MP
1F72- FO 07 REQ $1F7R no
1F74- AT 00 LDA HHO0 yes,so set CF=0
1IF76~ 85 CF STA  $CF to mean 1st rec in 2. 2:?2:;;3,“;‘;?12 {iﬁ%ﬁdsgg
1F78- 85 BA 5TA  $BA and clear ist rec flg ta _ ! 600" t
. ) Pe use - so a ape
1F7/- [S108 RTS and return will last 2 wks
IF7B—= A5 CF LDA  &CF ok,we have data,is it )
1F7D~ co 01 CMF #$01  the 2nd rec in a pair?
1F7F - FO 1C REQR $1F9D  yes,so it goes at top,and want dump to tape
1F81-—- 20 12 OE JSR BOEL2 no,so turn on Tx for marker anyway
1FB4— E6 CF ING BLF set flg for next call,
1F8&6~ A7 40 EDA #B40 o4 set addr. to put ¢128 output at bottom of
1FE8-—- 85 AD S5TA $AD dump store ($1+000) *
1F8A— AT Q0 LbA #$00
1FBC~ 85 AC 5TA $AC '
1FBE~ 20 BO F ISR $1FBO  and go to move c128 o/p from$ BCAG-BFFF
1Fo1- A9 OO0 LDA HH0O0 add a delay
1IF93- 20 A8 FC JSR SFCAB so Tx marker will stay on a 1little longer
1F@4— EA NOFP
1FQR7- EA NOP
1F28— EA NOP
IF99~ 20 F8 19 JSR $19F8  and turn off Tx (i.e. back to backgnd rate)
1Fe0- =18} RTS
1F9D— A% 00 LDA #4500 This is the last data before dump
1F9F- 85 CF STA  %CF so set flg for next oper
1FAL- A9 4% LDA #4643
iFAS— a5 AD STA $AD set addr., for move to $4360—up
1FAS~ AT 4O [.LDA #4560
1IFA7~- 85 AC 5TA $AC
1FAY~— 20 EHO iF JSR $1FR0  and move c128 output to there.
1FAC—- 20 70 19 JSR #1970 now go to dump$4¢¢¢-46BF (2 recs) to tape
LFAF - &HO RTS
1FRO— A9 AQ 1-DA #46A0 } — NMOVE
1FBEZ—~ B85 AE STA  $AE set "from" addr ("to" addr already set)
1FE4~ A9 HC LDA HERC
1FB&6~ 8% AF STA HAF
1FRE- A OO0 LDY HHOO
1FEA~ Bl AE LDA  (%AE),Y move$BCAP-BFFF to $4000-435F or 46CO-LEBF
IFRC- ?1 AC 8TA ($AC) , Y
1FRE~ E&4 AC INC $AC
1FCO~ DO 02 ENE $1FC4
1FC2—- Eé6 AD INC $AD
1IFC4~ Eé AE ING $AE
1FC6~ DO F2 ENE $1FBA
1IFLE~- E& AF INC $AF
1FCA~ AS AF LDA $AF
1FCC~ g9 Co CMP HECO
1FCE~ DO EA ENE $1FEBA
1FDO- &0 RTS
1FD1~- FF TP
IFD1~ 85 F9 S HF keep re
IFD3- A0 OR Lgﬁ #’:ssga P meal hkSun T 1ype Gheok-oun error msg
1FDS— E9 DF IF LDA $1FDF,Y get flashing ascii
1FDB- ?9 DE 07 5TA $07DE, Y store at bottom centreuvof screen ¢
1FDE- 88 DEY o ‘ b T G s
1FDC~ DO F7 EBNE $1FDS
1FDE~ (=18 RTS
1FEO~ 43 48 4B 53 55 4D 60 45 ascii f
IFEB- 52 52 &1 FF FF FF FF "CHKSUMégnﬁ}f}Shmg
¥1FFOL \\~—-__-————~———-stbred checksum in 1FEB
1FFO~- EE 80 04 ING 0480 toép corner 1H)
1FF3- 4C 40 09 IME $0940 ( Auxilliary Error counts
IFF&6~  EE DO 07 INC  %07D0 bott, cnr, (LH)
1FF9—~  4c 40 09 IMP 0940 Increment screen address, and jump

back to start ag if after NMI
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128 Analysis

This is a description of the analysis done in the €128.

Initialization includes a reference to the variable names roughly in
order of decreasing use (line 25)~ the idea is that the more used names will
he near the top of the variable name list, to save execution time. The antenna
pair directions are geographic in degrees East of North for the vectors from
antenna #4 (centre) to #3 (P1), #4 to #2 (F2) and #4 to #1(FZ). This is the
order correlations are stored in the CCE3R) matrix. Constants based on these
are also set (to save time by avoiding sin and cos later). The machine
language programs are read from RASIC statements and poked into memory, and
memory limits are set so BASIC storage occurs helow the data (from CRUHD)
store.

Then the program goes into the comm. link program with a USR function.
When a set of data (all heights) has been read, the TI$ variable is set to O
this sets the "jiffy timer” (counts cycles of &0Hz) to zero, and can be read
at the beginning of each height analysis to ses whether there is enough time
left to analyse the next height. The date/time and parameters (rec length) are
read and displayed. If there has been an howr change, a subroutine is called
which averages the data for the last hour number and sends it to the printer
(and screen). Also, rurming height data pointers for cross (IC),
aunto-correl {(I18), analysed data (I0), gain(lB), and signal variance(IV) are

set. These are incremented/decremented with each height loop.

For each height (until the time goes over the set limit): The height,
signal and gain are displayed. The height number (0=4%9Km) is poked into the
1st byte of the height record. If the signal variance is less than 3, the
height is skipped (i.e. the signal is very close to constant and analysis  may
produce spurious values)— a marker hit is placed in the top 4 bits of the gain
byvte to indicated this rejection. In this case all ewxcept the first byte of
the 24 bytes height record will be left as zero.

1f the variance is ok, then the auto bytes are read out of memory
- not all, just the lst 4 which are gpecial and give the in gach
sequence (AR=I comp.,Al=0 comp.), and the first 6 (of 12 available) lags
(AR=real Al=imaginary). The numbers are read as positive 2 byte values, but
the A1 must be translated as "signed” 2-byte integers since they can be
negative. At the same time, sach sequence is tested for no l1-bits or &ll
1-bits —~ this means constant signal in  the bit—amplitude sequence, — in which
rase another flag is set on top of the gain, and the height is skipped.

14 the #l-bits is ok, the magnitudes of the combined mean and varianoce
(both of which are complex numbers) of the hit—~amplitude quences (all
antennas) are found from the #1-bits-per-sequence information. Using these and
the #i-matches for non-zero lags, the mean lagged anto correlation values ocan
be found — this includes the required correction to the correlation value
berause of the conversion of amplitudes to bit sequences. The magnitudes ot
the comples auto values are caleculated for increasing lag until the value
falls below 0.4, and the phases for the lst 2 lags are saved. If there are no
auto®s greater than Q.ﬂ} the height is marked "fast fading” (again a bit on
top of the gain byte, and also in the message byte at the end of the 24 hyte
height record). Linear interpolation is done to find the "exact” lag at 0.51
ar i4 the correlation doesn’t fall below 0.4, the greatest lag is used to
define one point on the auto correlation. This is the value usesd in FCA.

14 there is only one auto greater than 0.F, then there is a flag gset, and
the Vr calculation just uses the lst lag auto, and there is no "noise factor”
calculated. [f there are two (or more), a Gaussian which peaks at zero lag is
fitted {ewact solution) to the ist two points. If the curvature is sero oF
negative {(i.e. auto constant or increasing with lag for these 2 points), the
£it is not used. If it is ok, then the noise factor (NF), which is the
extrapolated auto at zero lag, is poked into the height Fecord: and the width
{at Pnﬂubl) inm units of lags » 2 (max value clipped at 31D im also saved in
the height record. The NF is clipped at 127 (the fit can find values greater
tharn 1.0 even though they are theoretically meaningless) so that the top bit
of this byte can be used for another flag if desired. A parabola is fitted to
the 2 phase points, and the slope af the parabola at O lag gives Ve. If the
difference of the phase slopes between O-1 and 1-2 lags, as a fraction of the
slope from O-1 lag, is greater than 0,38 the value is flagged as "too curved”
- i.@. the lst 2 lags have a difference of 0% in phase slope. [Earlier the
1imit was 20% , byt most were more curved, so the it was changedl. The Z-byte
stored Vz data has'the value Vz K 100+HBOMN SROVO=327468) , where Yz is in m/ s

# Noghawe e 2hin ogpim

Bt

-103-



eravnennannnwnte arae now at line D00 ceeseewnnn

The complex mean and variance needed for calculating 2 CIOBS
correlations +for each antenna pair are found nesxt. L1y these values are
correct only for zero lag, but are a good approximation if the number of lags
is much smaller than the sequence length (as it is here). Thus bit—-correl ation
value greater than 1 are possible, but the function which corrects correlation
valuess for the use of bit-amplitudes cannot have a value greater than 1, and
s0lv a potential problem here. Mext, the zero lag cross correlations d
are PEEEed from the correlation store, and the phases, and corrected
magnitudes are found and FOREd into the height record as 2-byte integers:
values=INT ¢ F*l@ﬂ)*512+phase(deg). That is, the phase is contained in the
lowest 9 bits of the lé~bit word. An attempt is then made to predict (from the
zero lag auto values) the maximum lag needed to cover any significant
correlation peaks (as is done in the RTH system). The idea is to try to
reduce the number of correlation data which have to be translated into
correlatian values and searched for peaks. Those values are then F =0 out of
memory, and converted to the squared correlation sequences (uncorrected for
hit—correlation), which are searched for peaks (te save time by aveiding too
many square roots). The lowest acceptable correlation (0.1 "real" correlabtion)
is translated into this "uncorrected" format, so that low peaks can e
rejected right away. (the limit is O.1%0,1/2.335).

& search for local peaks is done over sach cross correlation sequence, and
the indices for the two greatest peaks saved. A Z-point parabolic fit is done
around each of these indicies to find the exact lag and peak value, which is
then translated into a "real” correlation value. If the greatest peak is
greater than 1.8 times the secondary one (if any), the latter is discarded.
The "weed” routine looks at these peaks as follows: if there is orly ore
significant peak in each cross correlation, the normalizesd time discrepancy
(NTD) of the lags of these peaks must be less than 0.7% to continuey if there
are 2 peaks in one, and 1 in each of the other correlations, the NTD must be
less than 0.2 for one of the sets of 3 peaksy if there are 2 peaks in two or
more correlations, the NTD for the greatest peal must be less than 0.1. Note
that the NTD of the greatest peaks is saved in the height record {(even if that
set of 3 peaks is not used, as might happen in the second case). The value of
NTD saved is 2XINT(NTDRIOO) +#, where x is0 if the sum of tmax was +ve, and 1
otherwise. This sign bit indicates the sense of vorticity (i.e. pattern
rotation), whose measurement was suggested by Miguel Larsen. But statistics
show that on the average (weeks), the "sign-sequences” are random. Still, it
may be of interest/use sonetime.

Nate that all tmax can sometimes be exactly zeros in this case thers is no
NTD (or wind), and the program replaces the height number with 255 as an
@O MEGERGE.

1£ the data have not been rejected yet, a normal FMFEA is done. Note that
after the peaks have been found, the analysis is exactly the same as in the
RTW system. The only final difference im that the value of Virueklo is saved.
[ Originally it was thought that the coherent system might produce more
vaccurate” values of Virue, however preliminary results do not support this.
The magnitudes are lower than the RTW system — some sort of bias, s0 it makes
sense to keep the factor of 10 anyway.l The other parameters (axes,tilt,Ta)
are stored with the same accuracy as the RTW system.

&

~10l-



_105_




-106-




128 Machine language

T

The communication link (to CRU#2) routine is placed in the cassette
buffer (196 bytes available) $1R00-1BIF. This location is always ()
accessible from Basic without change in bank structure. However, the
bark structure (BANE O) must be changed in the routine to access the
user part. The user port is one port of a CIA (Fort B), and the
handshake line on the connector is bit#2 of port A. This is a normal
port line, and is set to "output" by setting the DDR {(data dirction
register) for port A. The line is toggled by writing Q<L) then 4(H) to
the port address. (there is no "auto strobe" as in a FIA). The sense
line is called FLAGZ (this resembles CAL/CRL in a FIA in that it
cannot be uzed as an output line), and the interrupt flag is only sel
on & negative edge. To see whether the flag is set (high), the
interrupt control register is read (reading it clears all such flags).
and the appropriate bit referring to FLAGE is masked off and tested.

Eoth ends of the link use a negative edge for a handshake.

The interrupt is disabled at the beginning of the routine to
prevent interrupts (60Hz) by the "jiffy clock” {(time of day), because
it is : rain whether this routine preserves and restores the
present structure. It was also found to cause trouble on
PETs/VICZOs and Céds because it will sometimes add an extra delay in
the program just as the comm. link direction is being changed — which
seemns to upset the Apple (that is, they get out of "synch').

The printer program was added later.Thers was not enough space to
put it in the cassette buffer, so it was put in high memory, just
below the main correlation store. The problem with entry to the
Foutine is that BASIC must internally switch bank structure
continually to access the BASIC ROMs, which are "mehind" the &4k RAM
specified by BANMEOD. Thus, although youw can look in low memory for the
print character output vector, it is uncertain what the Bank structure
i when it is called, since this is determined internally by the EBASTC
monitor. Since the bank structure isn’t known (except by gurus), you
carn®t jump directly to your program in high memory, because it may be
in a different bank' Anyway, to get arcound this problem, entry and
exit points were placed at the end of the cassette buffer—- which seemns
always available to BASIC, so that the bank structure (whatever it is
during the BASIC output call) can be preserved for the retuwrn to
normal output, while the reguired bank structure {one which sees the
machine language printer routine and port) can be used during the
routine. Interrupts have to be disabled (as before), so the Jjiffy
timer (which was used in the Tromso Cé4 routine for time-out on
printer-ready after line—feed command) cannot be used. Instead a delay
loop is added to the program. The length of the delay depends on the
CFU clock frequency during the routine. It is not known whether this
ig i1MHz (which is the speed always used for CIAs) or 2 MHz (which is
set by the BASIC command "FAST" at the beginning of the BASIC
program). Just in case it is 2 MHz, a Z MHz FIA was used (the CIL:Zt
doesn®t “know' there is a port here, so who knows what speed it will
use) . A fived delay is invoked after sending each character (don’t
know how fast the printer will accept them , and it is uncertain
whether the "busy" line from printer refers to character acceptance).
an attempt to use the printer "busy" line to indicate the end of a
line feed through CEL on  the FIA failed for unknown reasons(it always
tested READY- have to read the port to clear from the character rdy?7?)
- 50 at present there is just a fixed delay (which means printing is
not as fast as it could be). Also, characters less than %20 are
changed to spaces — which means the printer mode(e.g. characters per
inch) can®t be changed from BASIC.
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LISTING OF BASIC PROGRAM FOR WIND ANALYSIS

128PMFCA-V18J"  (modif. lines from Vi8I' noted in margin)

10 REM-C128 COH-RTH PMFCA« AUGL7.1989.VERSION 18J7

28 BANKBlFASTtDEFFNS(T)=SGN(TCB)—SGN(T}=@):REM—NB 128 LOG. TRUE=-1 'I!
25 TT=B=I=E=J=ﬂ=IA=E=IC=B=X=B=Y=B=MR=B=MI=E=SB=E=Sl=D:SZ=B=N=@=K=B=NN=B
Jo DIMC(3|32)aM(Z)sMX(B,Z),T(3,2),R(3,2),DZ(lb),MN(Z,S).V(B)

48 DINMIZ(18) ME(5y2),NH(A)ARILE)(AT(1D)

50 REM-ANT PAIR DIR 4=33,4=32:4=31

58 D=156=P=57.295785P1=9@/P:P2=210/P:P3=339/P=PZ=1.57GB:TT=256:TU=TT*TT
78 TV=TU-11TH=TU/2-1

8@ D2=D#D:X1=DECOS(PL):X2=D4SIN(P1) :X3=D*C0S(P2)

99 Y4=D¥SIN(PZ) X5=D¥COS(PI) tX6=D#SIN(F3)

100 U1=C05(2%P1) 2U2=CO5{2%P2) sU3=COS(2%P3)

118 V1=5IN{2%P1) tVZ=5IN(2#P2) :V3=GIN(2¥P1)

120 T8=.533:CC=.5:L=, 1:CY=0, PR:FC=100%135/348/2/T6

130 GOSUBZ330:REM-LOAD MACH LANG.SET MEM LMTS

135 GOSUB350@:REM-POKE PTR FROG :

{140 REM=rvvrvenennnnnnesnnss START PROCESSING. cvvverivnnvss

144 PRINT*MAITING FOR DATA...."sX=USR(X)

150 114="000000" ¢ [C=52288: 1A=40080: 10=531521 16=12320: 1V=532332

160 REM-READ D/T

170 10=52384:FORI=1T014: DY 1) =PEEK(1D-T) sNEXT

180 DYZ=DZ(3)*1@B+DZ(4)*1E+DZ(5)lHRZ=DZ(7)*1@+DZ(B)lMNZ=DZ(9)*1B+DZ(1E)
185 IFLHZ<>HRATHENGOSUBZR4G

198 NN=B#(DA(16)¥TT+DA(13))

199 8=D%(1)/14:5=6¢16-6%INTI5)

20® PRINT*D/T="357 " DYL®/*HRAIHNL® #PT5="NN" COHINT="D7(14)

FUB REM=s o vvennnnnsssrrsrnsesssHEIGHT LOOPL oo cinnnanns

728 FORIH=1TO32116=16-1:1V=1V-1:NT=255:RL=15415=0; IR=D: 1X=0

270 IFTI>16Z0BTHENPRINT*OUT OF TIME®:GOTO14B:REM-OVER 4.3 MIN §0 QUIT
24) PRINT"HKM="; IHs3+4h3" BIG="3PEEK(IV)3" GN=";PEEK(IG)

758 POKEIO-1,1H-1

255 IFPEEK(IVICSTHENPRINT" 8D T00 LOW® : POKE1G, PEEK( 16) +16:G0T02008

268 REM~......,.PEEK REQD PART OF AUTO.....vvves

270 FORI=1T01B2J=1%2-1:AR{T ) =PEEK (1A= }+PEEK{ TA-J-1)¥TT

780 ¥=PEEK( IA-J-32)+PEEKL TA-J-331#T T TP THTHENK=X-TU

287 TFI<STHENTFAR(I)=NNORX=NNTHENPRINT" CONST 816" : POKE1G, PEEK( 16) +48:G0OT02000
288 IFI{STHENIFAR(1)=RORY=ATHENPRINT® CONST §16* $POKE1G, PEEK(1G) +4B3G0T02000
290 AL(1)=X:NEXTL

300 SR=(AR(I)+AR(2)+AR(3)+AR(4))/NN/4:SI=(AI(1)+AI(2)+AI(3)+AI(4))/NN/4
319 MA=CRESR+GI+G1:VR=GR* (1-5R)+B1#(1-51)

338 FORI=5TOIB=N=4*(NN—I+4)=X=(AR(I)/N-MR)/VR!Y=AI(I)/N/VR

34a 51=SIN(P2*SQR(X*X+Y*Y))=AR(I)=Si=IFI<7THENGOSU3141E=AI(I)=AA

350 1FS1{CCTHEN37@

355 50=51:NEXTI

34D RA=G1:TA=(18-4)#T8:GOT0O90

370 IFI=5THENNT=255¢1X=7:PRINT* FAST FADE® { POKE1G, PEEK (16} +32:G0T02000
380 TA=(1-5+(88-CC)/(5B-51))¥T5:RA=CC

392 REM-VI

400 TF1=bTHENB=INT(AI{5)%FC) :POKETO-18, 128:PRINT" 1PT *1:G0T0420

405 X=LOG(AR(S)):Y=LOG(ARLS) ) IFX<=YTHEN41D

407 NF=EXP{X+(X-Y)/3)#10B:S=50R(D, 66/ (X-Y) )443 IFNFY 127 THENNF=127

488 POKETO-11,NF:IFS»63THENS=6]

499 POKEIO-10,5

410 A=AT{5)Y=AT(&) tB=INT{(4%X-Y)/24FC) :REM Vi+108

415 1FY<SOTHENIFARS (Y/X-2) . 6THENPOKE10- 1@, PEEK(10-10)+64:PRINT* T00 CRVD *3
470 PRINT® VI="{B/10D3" H/5*

430 X=P+THH]

448 TFX>TVTHENX=TV

450 IFY<BTHENX=0

448 Y=INTUX/TT) tPOKEI0-8, Yt POKETO-9+ X-Y4TT

50D REM=rsesnnserervesssGET HEANS AND VAR FOR XCORL.iwevonrvvner:

510 MR=AR(4) /NNIMI=AT (4} /NNIVR=HR* (1-MR}+H I+ (1-NI)

530 FOR1=1T03:X=AR(4-1)/NNtY=AT(4-1) /NN

350 MN(lgI)=X*MR+Y*MI:MN(2.I)=X*MI-Y*MR:V(I)=SQR((X*(I-X)+Y*(1-Y))*VR)
568 NEXTI
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578 BEM=vreveonsesennsesGET REDUCED LAGIRLyMLM2ucieeinairerarans
500 58=2:K=10:10=1C

590 FORJ=1T0O3:MR=1D-33:MI=MR~b4

500 Y={{PEEK (MR)+PEEKCMR-1)¥TT) /NN-MN(1, 301 /00D

518 Y=PEEK(NI)+PEEK(MI-1)#TT$IFY>TWTHENY=Y-TU

528 Y=(Y/NN-MN(2, 1) /W)

&30 S1=SIN{PI#SQRIXEX+YXY) ) :G0SUB1410: Y=INT(S1%100) #512+A

54D K=K~-21POKEK=1, INTCY/TT) tPOKEK, Y=INT(Y/TT)#TT: IFS1<SRTHENGR=51
£50 1D=1D-1285NEXTS

548 1FSE>E. B1THENRL=INT{TA#( {LOG(58)-2) /LOG(RA))/T6+3.5)

578 IFRLY1STHENRL=15

480 M1=16-RLEM2=1T+RL

498 REM-vvvevserasensnssasPEEK USED CROBS «uvvienveanaveuanas

708 I1D=IC-1:REN-CORRELS J=1,3 ARE 4V3,4V2,4V1

710 FORJ=1TO3:MR=1D-(M1-1)#2:MI=MR-643G1=HN(1,J) :52=HN(2,J):88=V(J)42
790 FORI=MITOM2:N=NN-ABS (171} s X={ PEEK (MR)+PEEK (MR~1) #TT) /N-51
73 Y=PEEK (MI)4PEEK(MI-1)#TT2 IFY)>TWTHENY=Y-TU

735 REM-USING SQUARE OF XCOR HERE!!

74D Y=Y/N-52:CLT, 1)=(X#X+Y#Y) /5B

760 MR=NR-2:M1=MI~2:NEXT1

778 1D=1D-128:NEXTS

780 REM=svuesenennsesFIND PEAKS. s cocrvannrannrans

798 X=LX#LX/2.25:H1=Mi+1 M2=M2+1 t IFH2>J2THENM2=32

B2 TFM1<ITHENN1=3

818 FORI=1TO3:N=D:MI=0:58=Cl1,H1-2):81=C(1,MHi-1)

820 FORJ=MITONM2:62=CL1,d)

825 TFS1<X OR 51¢=60 OR 51¢S2THENS@=51:51=G2:NEXTJ:G0T0BI®

838 N=N+ ¢ IFN=1THENMR=51 tK 1=J-158=51 :61=52 :NEXTJ: 60TO80

840 TFS1>=MRTHENMI=MRSMR=51 K2=K1 1K1=J~1:58=81 :51=52: NEXTJ 1 GOTOBT@
B58 IFS1OMITHENMI=81:K2=J-1

880 50=51:51=82:NEXTJ

899 MX(1,1)=K12R(T,1)=HR: IFN> 1 THENMX (L, 2)=K22R (1, 2)=M1:N=2

980 M(1)=NNEXTI

930 GOSUB147@

940 IF1X=10RIN=2THENGOTO184@

955 PRINT* *3

960 PRlNTMX(lyI);MX(Z,l)5HX(3|1)iINT(R(i;l)*lﬂﬂ);INT(R(?,l)*lBﬂ);INT(R(J,1)*lﬂﬂ)

978 1FIR=40RFL=1THENFL=0:60T01B48

OBD REMussesescrnrsasnnses HLEFIT civucnrnnnnancnnnssnannas
990 S1=R1¥R1:52=R2*R2:53=RI*RI

1008 Qf=X1#X1#51+XTHXI#52+4X5%X5%53

1810 Q=X2#X1 #51+X3eX4%52+X5#X6#53

1828 Q2=X2%X2%514X4*X4¥52+Xb*X6%53

1038 Di=Q1%Q2-Q*Q:A1=02/D1:A=-Q/D1:A2=Q1/D1

1049 X=T1#(X1%A1+A%X2)#51+T2% (XI+A1+XA4%A) %52

1050 X=X+TIR(XSHALEXGHA) #E3Y=T1R (X1 #A+X2%A2) %51

1068 Y=Y+T2R(XI#A+X4RAR) #6524 T34 (XG#A+XH#A2) %53

1870 Q=X*X+Y*Y

1880 GOSUB1410

1899 VA=1/8QR(Q) K

1100 REM :

1110 Ti=D¥COS{P1-A1)/VA:T2=D¥COS(P2-A1)/VA: T3=D*COS(PI-AL) VA

-110-

Y




EEETm

Wyg-cotd

1120 REM-euuevrnnnesnnnsees PHFCA ciciinseiannnnnnnanes
1130 Q=-2¥LOG(RA)/TA/TA

1140 MA=(-2%LOG(R1)+QxT1¥T1)/D2

1150 MB=(-2%L0G(R2)+Q#T2#72)/D2

1160 MC=(-2%L0G(R3)+Q¥T3#T3)/D2

1170 N2=MC-MB:N3=MA-MC:N1=MB-MA

1180 Y=N2#U1+NI#U24N1 232 X=-N28V1-NI#V-N1*V3

1199 605UB1418 v\ PeoGeaw wag ok PRutse Daireed THE)
e S

1200 50=A1/2:TL=A/2 e
121@ MR=COS(P1-5@) tMI=CO5(P2-50) :51=5IN(P1-50) :62=SIN(P2-50) HpacTe@ 111 )
1220 R2=(MARMIXMI-MB¥HMR¥MR) /N1 :R2=R2/ (1+R2) '
1230 B2=(MREMR/R2+51%51) /MA: A2=R24B2

1240 IFA2¢=B0RB2¢=BTHENPRINT® IMAG AXIS*:IX=5:G0TO1B4@

1258 AX=5QR(A2) :BX=SQR(B2)

1268 X=A2%(T2451-T1%52) :Y=B2*(T1¥MI-T23MR)

1278 GOSUB141@

1280 PT=A+TL:PT=PT-180%(145GN(PT-340))

1299 Q1=C05(A1):Q2=8IN(AL)

1308 VT=Q¥T1/D/ (Q1¥MR/A2+Q2%51/82) /2

1318 IFUTCOTHENPT=PT-180+SEN(PT-180) :VT=-VT

1328 MI=1/(Q-44VT#VT#(Q1%Q1/A2+Q2%02/B2))

1330 IFMIC=RTHENPRINT® IMAG TC":IX=6:G0T01840

1348 TC=SQRINI) -

1350 IFAX<BXTHENAL=AX:AX=BX:BX=A1: TL=TL-90¥FNS(TL-90)

1370 PRINT® FCA*;INT(VT)§INT(PT)INTCAX) §INT(BX)SINTCTL) INTITC*18)/10
1380 REM END OF FCA

1398 Q1=COS(PT/P):Q2=SIN(PT/P)

1408 60TO1850

110 REM:vnvnenvaeenense ATANCY/X),B-360 ETCuuuruvarncnnnansnses
1420 IFX<RTHEN1440

1438 A=90%(2-FNS(Y)) 160TO1450

1440 A=ATN(Y/X)3P+908 (2-FNS(Y)#(1+FNS(X) )

1450 A1=A/P:AA=At IFAA> 1BOTHENAA=AA-60

1460 RETURN

1578 REM.vvvvsnvanses HWEED FOR PMFCA vevavenrarnssnsnsans

1480 FORK=1T03: 1=M(K)

1490 IF1=ATHENPRINT® NLP®3K:IR=4:1X=1¢RETURN

1520 FORJ=1TOL :MX=MX(K,J)

1538 SB=5QR(C(K,MX-1)):51=5QR(R(K,J)) :52=5QR(C (K, MX+1))

1540 NR=(58+52) /2-51 tMI=(52-58) /2: X=-M1/MR/2

1550 SO=MR¥X¥X+MI*X+G1

1560 T(Kyd)=(X+HX-17)5TS-K¥CY

1578 R(K,d)=SIN(PI#50)

1600 NEXTJ

1610 TFI=2THENIFR{Ky 1) /R(Ky2)>1.BTHENI=I-1

1630 M(K)=I:NEXTK

1648 REM HERE M(K)=10R2

1650 I5=M(1)4+M(2)4M(3)-3

1660 ONIS+1GOTO1470,1710, 1780, 1760 ,

1678 51=0:52=0:FORK=1T03:51=51+T (K, 1) :52=52+ABS (T(K, 1)) INEXTK
1675 1FS2=BTHEN1B25

1680 NT=INT(ABS(51)/52%180)%2-(51<0)

1698 IFABS(S1)/52>, 3THENIR=4:1X=32RETURN

1700 GOTO1B1@

1718 FORK=1T03: IFM(K)=2THENK1=K

1720 NEXTK:IR=K1

1738 K2=3-INT(K1/3) sK3=2-INT(K1/2) t81=T(K2, 14T (K3, 1)

1748 S2=ABS(T(K2,1))+ABS(T (K3, 1)) :58=52+ABS(T(K1, 1))t IF5B=BTHEN1825
1745 S=514T(K1,1) INT=INT(ABS(S)/5@%108)%2-(5<B)

1758 FORK=1T02:5=T(K1,K):IF52+ABS(5)=BTHEN1B25

1752 IFABS(S146)/(52+ABS(5) )<, 2THEN1770

1755 NEXT ,

176 IR=!4:1¥=4:RETURN

1770 T(K1,1)=T(K1,K) :R(K1, 1)=R(K1,K) :G0T0181@

1780 NT=ABS(T(1,1))+ABS(T(2,1))+ABS(T(3,1) )t IFNT=0THEN1823

1785 8=T(1,1)4T(2,1)+T(3,1):NT=ABS(S)/NT

1799 IFNT). 1THENIR=4NT=INT (NT*1@@) #2-(5<@) RETURN

1880 IR=5:NT=INT(NT*100)¥2-(5<2)

1818 T1=T(1,1):T2=T(2,1)1T3=T(3,1):R1=R(1,1) :R2=R(2, 1) :RI=R(3, 1)
1820 RETURN

1825 PRINT*DIV-BY-8,5KIP HT*tFL=1: NE=NE+1:POKE10-1,255: IR=4:RETURN
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1838 REM=vvevvernrsnrnnsrensse/Pasiiiniannnasiinines
1848 PRINT® ERR* {NT3RL11S3 IR} [X:60T02800

1858 VT=VT¥10¢ IFVT>TVTHENVT=TV

1868 K=10-14:X0=INT(VT/TT) :POKEK, XX

1878 XA=INT(VT-XAXTT) : POKEK-1, XX

1880 XZ=INT(PT/TT) tPOKEK-2y XXt XE=INT (PT-XA#TT) tPOKEK-3, XX
1898 IFAX>TVTHENAX=TY

1900 X4=INT(AX/TT) POKEK~4, X%

1918 XA=INT(AX-XYSTT) POKEK-5, X1

1920 IFBX>TVTHENBX=TV

1930 X%=INT{BX/TT):POKEK-4, X%

1948 X7=INT(BY-X{#TT) t POKEK-7, X%

1950 X2=INT(TL):POKEK-8, X%:Xi=TCH B

1968 1FXAD255THENX =255

1978 POKEK-9, X% .

1980 17=(1H-3) /3¢ IF (1%-1)%(4-1%)<BTHEN20ED

1998 NE(12y 1)=HE (1% 1)4VTAQ1/ 10 HEC 12 2)=HE (17, 2) 40T 202/ 10N TZ) =N T+
2008 ERY=1S+IR#4+1X232: POKETO~24/ERL

2010 K=10-12 POKEK,NT$ POKEK-1,RL

2028 10=10-384: TA=1A-b41 10=10-24NEXTIH

2038 PRINT*ACCUM DIV-BY-B="NE:G0T0140

OB4B REM=seveeneesnvassnsanssPRINT @ KM HRLY MEARS.covvivianae
2045 BYS37696

2058 IFHRECOBTHEN2100
2040 PRINT® DAYHR! b&4-78KM ! 73-79KkM ! B2-BBKM '3

2078 PRINT*  91-97KM ! 100-106KM ! 109-115KN !*

2980 PRINT* CONRTW! # N E'# N E!® N E '
7B PRINT' & N E'% N E!'® N EUV

2100 DH=LDY#18B+LHL: IFDHYI99ITHENPRINTSTRS (DH) § :60T02138
2110 IFDHYI99THENPRINT® *3STRS(DH) 16002130
2120 PRINT* *3STR$(DH)}

2130 FORK=1T0A:KK=(K~1) #3+1 tMINKK) =NN(K)

2040 IFNMIK) YATHEN2168

2150 MILIKK+1)=BiMI%{KK+2)=B260T02218

2168 FORL=1T02

2170 14=ME(K, L) /NMUK) 2 IF T14-99THENT 7=-99

2180 IFTZ99THENIN=99

2190 MZA(KK+L)=I%

2200 NEXTL

2210 NM(K)=BtHE(Ky 1)=B2ME (K, 2)=0

2220 NEXTK

2230 FORK=1T018

224D TFMI%(K)<-9THEN2280

2250 IFMZ%(K}<BTHEN2270

2268 TFMZL{K) YITHEN2288

2278 PRINT*  *35TR$(HZL(K))§:60T02300

2288 PRINT® *{STR$(MI%(K))$:G0T02300

2298 PRINTSTRS (HZZ4K) )3

2300 NEXTK

2310 PRINT:5Y537738

2328 LDY=DY%:LHY=HRY%: RETURN

2330 REM-USR ADDR,MEM LMTS,MACH SUBR.

2349 POKE&S26,63:POKEAS2T, 14TIREN-MEN LNTS ($933F)
2358 POKE4433,:POKEAGI4, 11REM-USR ADDR($BER)
2354 REM-PUT IN CHECK BYTES

2355 POKES2352,255:POKES2353, B¢ RESTORE 238D
2368 FORJ=2814T02977:READXY: POKET, XLSNEXTJ
2370 RETURN

-112-



VKT Cod)

2380 DATA 12@,173,0,255,72y 169,62, 141,8,233

2398 DATA 160,96, 183,63,204,153,159,207,136,208

2400 DATA 247,169, 4y 141,2,221,169,255,141,3,221

2485 DATAL69,4,141,8,221

2410 DATA 165, 168,72, 165,161,72,173,13,221

24620 DATA 169,2087,133,161, 169, 160,133,160, 162,4

2430 DATA 140,95,177,180, 141,1,221,169,0, 141

2440 DATA 8,221, 169,4,141,8,221,169,8, 145,140,173

2450 DATA 13,221,41,16,248, 249, 136, 192,255,208

2660 DATA 225,198y 141,282,208, 228, 169,64, 133,140

2470 DATA 149,206,133, 151,160, 1,234,234, 136,208

2488 DATA 251,234,169,0, 141,3,221,162,57, 168

2490 DATA 9541734131221, 41, 16,248,249, 173, 1

2500 DATA 221,145,168, 169,8, 141,8,221,149,4

2518 DATA 141,0,221,136,192,235,208,229, 198, 161

2520 DATA 202,208,224, 104,133, 161,104, 133, 160, 184

2530 DATA 141,@,255,88,94

3500 REM-POKE PTR ROUT

3510 RESTOREJA@Q:FORI=37494T037B38:READX tPOKET X sNEXTT

3520 FORI=2978T03082:READX :POKEL, X:NEXTI:RETURN

3500 DATA 120, 174,0, 255, 169,62, 141,0,255, 149,162, 141,38,3, 169, 11, 141,39, 3,173
! 3620 DATA3, 223y41,251, 161,3,223, 169,255 14152, 223, 169, 44, 141, 3,223,142, 8, 255

3640 DATABB, 94y 169, 121,141, 38,3, 169,239, 141,39, 3, 96,56, 72,233, 1, 288, 252, 184

366D DATAZ33, 1,208, 246,96, 140,61 148, 184, 141,62, 148, 104, 141,63, 148, 41,127,201, 32
! 3688 DATA176,31,281, 13,248, 4, 169, 32,208, 23,173, 2,223, 169, 13y 14142, 223,160, 12
i 3485 DATA 44,3,223
3690 DATA234, 234,32, 117y 147,134, 208, 245, 240, 8, 141, 2, 223,169, 32,32, 117,147, 173, 63
-3695 DATALAB, 72,173,462, 148,72,172,61,148, 76,177, 11
3700 REM-LOW MEM SECTION OF PTR ROUT
3710 DATAB, 128,72y 1734, 255,72 169,62y 14184255, 76 129, 147, 104, 141,8, 255,88, 184
3720 DATA4®, 76,121,239 k

©READY.

~113-




-114-




Rt
8 €128 Bulk Storage o @
s Els S
g 3
Analysed data output_store msg+
ht#31 _ ht¢l ht#0|gains sig  d/t J
It
[2F 125 ] 1 [ [ ]2 | 32 | 32 |2 |
142 i 9 a (_/ 5
Km o W
( - A/D status ng{ #sends/rec(=rec length)Km ht#0 g
N check by,‘,’es(sometimes) c{kin amount of coh.
= - integration
fFRoo] [x[ L 11T LT 1111 [T EE GRS e AR EE
£11t° 1
tc(sec) i ¢ti vt (m/s) z;ﬁgseigogigis
x10 —_\\\ /(m*“ 5 (/ x10 L1 4v2 uv3i2@#(o=49xm)
il lLlHILlHlLP{\LlHl HEEE AL LR
[ e G ¥,
TR = L
same}ﬂ’J 22 LVz*lOO $800p 512%INT( f * 100) + pib,
auto width+msg
, NID+msg(as in RTH) Wy (fnsg?)
Input_Store (data from C CPU#2) _
3 (12K) o N g g D/T&INFO g
Q Cross td Q
& ntaot ht#l PR | R R e £ (96 bytes) 9
| . Grie 1B 1140 Q-0 ) i LY
[ 6x3x2 | ' [ 32x2[32x2 | 32x2 [ 32x2 | 32x2 | 32x2 [32 | 32 | 32 |
o 2 R S
Q +15 lags [H® HI = b
3 all 2-byte accums. -16 lags D @o ?
Auto (2K)
-
. § nt#31 ; ht#1 ) ht#0
= T
Q I
3, e QI-1Q I
[ 2xibe [ N [ 2x16x2 | 12x2 14%:] 1222 | 4x2 |
\\.o: J Zall anfs Tall ans\“"]
N 3
Y nggii l +12 lags +1 lag J(//’—'_——) §
o

integers$,

[E[CTH[ [ H[L]H]L |
antenna #4 #3 #2 #1

w1 B



s o+ 2 a2 w ® a s e s 3 » = =

C128PMFCA-V18G'~ Machine language routines (M,Aug2'88 Q)

GRB2@ 78 SEI disable interrupts COMM LINK TO CPU#2
@@BO1 AD @@ FF LDA $FFQQ

QOB24 48 PHA . save old bank structure

gggg? gg gg FE ;22 ::_gg@ }-———-—- set new bank structure(so can see port)
BORDA AQ 4O LDY #%60

aeBAC B9 3F CC LDA $CCIF,Y /~move D/T,Sig,Gains from last input store
@OB@F 99 9F CF STA $CF9F,Y 7 to present output store

Q0OR1I2 B8 DEY

OBR1I3 DO F7 BNE $0BOC

@@B15 A9 @4 LDA #3504 Jset PA2=output (handshake 1line)

@0B17 8D ©2 DD STA $DD@2

QoB1lA A9 FF LLDA #$FF J set PB all bits output

OEBIC 8D O3 DD STA %DDB3

ROBIF A9 B4 LDA #3504 ]Set PA2=high

@20B21 8D @@ DD STA $DDRO

2@8B24 A5 AD LDA $AQ save some zero page mem on stack

@@B26 48 PHA s0 can use as scratch here

DaB27 A5 Al LDA $A1l

QDR29? 48 PHA

20B2A AD @D DD LDA $DD@D  clear interrupt flag (if any)

28B2D A9 CF LDA #$CF

@OB2F 85 Al STA $Al set up indirect addr. for output store

BOB31 A9 AQ L.DA #$A0

POR33 85 A0 STA $A0Q

@DBB3S A2 04 LDX #%04 # pages(or part pages) to send

@OE37 AQ SF LDY #8$5F Eending CFFF-CCAP
@@BR39 B1 AQ LDA ($AD),Y get data (analysed ),

@OB3E 8D @1 DD.STA $DD@1 stgre in port,

@@B3E A% 00 LDA #$00 and toggle " "

@0B4@ BD 0@ DD STA $DD@@ | | handshake ("data sent)

BOB43 A9 04 LDA #3504 line,

20B45 8D 0@ DD STA $DDRO

VBB48 A9 08 LDA #$00 Put # back in mem (1,e. clears analysed data store)
POR4A 91 AG STA ($40) ,y} (this is faster than doing it in basic)
@0B4C AD @D DD LDA $DD@D '

@OBAF 29 10 AND #%10 }*—‘— walt for handshake (“data taken")

@0E51 FO F9 BEQ $0B4C

28853 B8 DEY

@@RS4 CO FF CPY #$FF next byte

@PoB56 DO El BNE $0@B39

@oR58 Cb6 Al DEC $Al

P@BSA  CA DEX next page

20B5B DO DC BNE $0PR39

@BESD A9 40 LDA B340 end of data send, now set up for receive
gggz‘; 23 gg E;Z ::gc set indirect mem addr, (1st data goes into$CCSF, then
QBR63 B85 Al STA $Al $CCIE,  etc....)
B0E6S AQ 01 LDY #301

QBB&L7 EA NOP optional delay before turning the port around
@0R68 EA NOP

0@OBs6T 88 DEY

@DBLA DO FB BNE $0@B67

POELC EA NOP

@0B64D A9 00 {.DA #300 " "

CODEF 8D @3 DD STA $DDO3 set PB all bits input (“port B"of g\)
@OB72 A2 39 LDX #$39 want to receive $386¢ bytes
@0B74 AB 5F LDY #$5F

P@E76 AD ©OD DD LDA $DD@D

P0B79 29 10 AND #$10 } wait for handshake (“"data ready")

QuB7B FO F9? BEQ $0@B7&

@@B7D AD 01 DD LDA $DDO1 read port (PB)

QUEBO 91 AQ STA ($AB),Y save data

POBB2Z A7 @0 LDA #$00

p2pE4 6D @2 DD STA $DDUO send "data taken” handshake

20BB7 A9 04 LDA #$04

PORBY 68D B@ DD STA $DD2A

oeBEsC 88 DEY

@OBED C@ FF CPY #S$FF next byte

@0BBF DB ES BENE $0@B76

BDRI1 Cb6 Al DEC %Al

oBB?3 CA DEX next page

@0R?4 DO EG ENE $0@B76

20B96 6B PLA

2BP97 B85 Al STA $A1 restore zero page memory

QBB9? &8 PLA : .

DOEYA B85 AB STA $AQ

QRR9C 68 PLA }-—-— restore bank structure

@PORTD 8D @0 FF STA $FFO@

@0RAD 58 CLI enable interrputs

@ORAL__ &0 RTS and quit, o
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C12BPMFCA-V18G'- machine lang. routines, cont'd

@oeAZ2 @8 PHP save processor status

20BAZ 78 SE1 PATCH TO PRINTER ROUTINE

QOBA4 48 PHA save print.char.

QOBAS AD 0@ FF LDA $FF@0

OORAB 48 PHA save bank struct.

OOBA? A? 3E LDA #$3E

Q0BAB 8D 20 FF STA $FFoa  C on6° bank struct.

QORAE__4C 81 93 JMP $9381 g0 to printer output routine

@@BB1 &8 PLA restore old bank struct.

Q@EB2 BD @B FF STA SFFQ)Dr RETURN FROM PRINTER ROUTINE

@OBBS 58 cLl en_able interr.(7need)

QOBEBSL &8 PLA get back print character

@OBBE7 28 PLP restore orig. processor status(incl. 1rq status!)

@OBRE8 4C 79 EF Jup $EF79  and go to normal output routine ‘
o PraoAAm IV UPPER MEwady 3

29340 78 SE1 disable interrupts SELECT PRINTER OUTPUT

09341 AE 0@ FF LDX $FFB®0 4= save old bank structure

29344 A9 3E LDA #$3E sys37696

@9346 8D @@ FF STA sF‘F!ZND} use new bank structure

B9349 A? A2 LDA #3$AZ2 }

@934E 8D 26 03 STA $0326 | change char. output vector to point at my routine

B934E AT OB L.DA #$0B

®935@ 8D 27 @3 STA %0327

29353 AD @3 DF LDA $DF03

@9356 29 FB  AND #%$FB }Sel‘?c“' DDR on PIA

©9358 8D 03 DF STA $DF03

@935B A9 FF LDA #S$FF } all bits ofp

@935D 8D 02 DF STA $DF@2

9360 A9 2C LDA #$2C select port, auto strobe(CB2) on write to port

@9342 BD 23 DF STA $DFQ3

09365 BE @@ FF STX $FFO@ restore old bank structure

29368 58 CLI

Q9369 68 RTS and quit.

B936A A9 79 LDA #%79

©936C BD 26 @3 STA 30326 DESELECT PRINTER OUTFUT

@B936F A9 EF LDA #$EF restore char. output vector sys37738

©9371 8D 27 B3 STA $@8327 to 1ts normal location

79374 LB T T RIS

9375 38 SEC

@9376 48 PHA DELAY

@9377 E% B1 SBC #401 (same as 'wait' from Apple monitor)

29379 DB FC BNE $9377 delay depends on initial value of A

B937B 68 PLA and clock speed. A=0,clk=1MHz gives

@937C E9 @1 SBC #%01 0.16 sec delay.

@937€ DB Fé& BNE $9376

9380 &0 T RTS

@9381 8C 3D 94 STY $943D need Y here,so ?929 SEND CHARACTER TO PRINTER

29384 &8 PLA v 14 bank tg';\lidt

29385 8D 3IE 94 STA $943E save o Struct.

@9388 68 PLA save print char.

39389 8D 3F 94 STA $243F

@938C 29 7F AND #$7F strip top bit of char.

@93BE C9 20 CMP #%20 is it a ‘control' character?

@939@ BD 1F BCS $93B1 no,so go to print

9392 €9 @D CMP #40D yesy is it a return?

9394 FO B4 BEQ $939A yes,so do return

@93%94 A9 20 LDA #$20 no,so just write a space

29398 DO 17 BNE $93B1

@939A AD @2 DF LDA $DFQZ clear rdy flag

939D A9 @D LDA #%0D

@939F 8D @2 DF STA $DF@2 send return char. to port

093A2 AQ @C LDY #30C wait max of 12 'delays® for printer rdy, then back to pro:

@93A4 2C ©3 DF BIT $DF@3 BRI

093A7 EA NOP

093AE  EA NOP l_..——-—-(was branch,?t;:: ﬁz)flag notworking,so do full wait

P93A9 2B 75 93 JSR $9375 do delay loop

@93AC 88 DEY

293AD DG F3 BNE $93A4

@93AF FOD 08 BEQ $93E9 forced (ptr not rdy,so forget about 1it!)

©93B1 8D @2 DF STA $DF@z2 send char to port

gzggz g; 32 93 1332 :::‘535 }—"'—* character delay (30ms at 1MHz, or 15ms at 2MHz)

P93B9 AD 3F 94 LDA $943F

@293BC 48 PHA restore the stack to 1ts original condition

@93BD AD 3E 94 LDA $943E

@93C2 48 PHA

@93C1  AC 3D 94 LDY $943D and restore Y

@93c4 4C Bl @B JMP $OBB1 and jump back through low memory to basic
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Conversion of 4-antenna programs to 3-antenna operation
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Frogram changes reguired for COHRTW 3-antenna Ry array

“This notse Tists all the changes required to modify the 4 antenna
programs to operate in 3-antenna ({equilateral Ry array) mode. No
hardware changes are required. "Note X.X" is later used to label
program segment listings which follow. The areas of change are marhked
with a vertical bhar on the left hand side of the listing. Note that in
the CPU#L listing, the port designations (C7xx) are all as for an Apple with FEgg-
FFFF EPROM. The single board computer ("SBC") port addresses are 4fxx.

CFU#1-EFROM (changes to version CRU#1EK28)

Note 1.1: Accumulate mean mags ($F760-): the sum of magnitudes must
now be divided by 24 (3 Rx — times— 8 points) instead of 32. Very hard
to div-by-3. so do approx div-by-3. The whole routine will be
replaced.

Note 1.2: BRit—-check{($FOEO-): must make Fx#4 look good when there is
no Fu#4. Also must shift bit-check byte in preparation for display by
CPU#2 (easier than changing CRU#2 program — because local lack of
space) . These just require several mods at end of routine.

[Note: may also want to indicate error in some way if using J-ant
EFROM CPU#1 with 4-ant CFU#2 program, and vice-versal

Note 1.3: Bet magnitudes and bit amps ($F240-): The only change
required here is the antenna counter (Z2246: LDAHOI) .

Note 1.4: The raw data input routines($FZDA- and $F450- also send the
raw data out to an external port. This is not used by the COHRTW
system, but may be tapped by another system if interferometer analysis
or Ry calibrations are desired. To keep the amount of output
consistent with I antennas, receiver#4 will not be read or sent out in
3 Fx systems, but the DEY must be kept to so the memory indexing is
the same. Fill deleted area with NOFs with BNE and BFL at the
beginning to skip over the NOFs (faster).

Note 1.5: Whenever the program is modified , the checksum [2 bytes in
FEDE (L) and FFDF(H) 1 must be recalculated; otherwise the ROM test
will fail - although the program won’t stop.

Note 1.6: Put $R1 in FBDS (this makes the gains/info data sent out to
an external system up to 192 bytes; the same as the raw data "huffer

length” in the 3-—ant system. [ The 4-antenna "huffer length” is 256
bytesl]

Note 1.7: Fush from 2ZPEO-to—-end-of-routine down 2 bytes, inserting 2
DEYs (at 27E0,22E1). Also use LDX#Z and LDY#6 (same routine, & little
after DEYs) instead of LDX#1 and LDY#B.

Mote 1.8: Fut I.D. (for raw data o/p) in F8CS5: DO for Fark, $CC for

London, $03 for Calgary, $D8 for portable. NE may use $4C for Calgary,

to distinguish between Fark coherent system (which is also designated
"C" sometimes).

A 1ot of other changes could be made to reduce the computation
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time,’but we have enough anyway. Is there a way to I.D. the EFROM:
i.®. send back I.D. with status? or is this getting too fancy?

CRPUH#Z (changes to TOTALCFU#ZEV'-D/M)

Note 2.1: Display bit check status($EZ20-): The only change required
is EZZ:LDY#Ob

Note 2.%2: Complex correlation ($E70-): This has been completely
re—written, and fits in with plenty of space to spare!

Note 2.3%: Auto correlation($1670— Y: The only change is 14670:L.DAHS
(amazingly enough!). Note that the RX#4 spots in the Auto accums for

the #l-matches at zero lag are still there. G128 will have to dodge
them.

Note 2.4: Display worst offsets ($1B40- )i the only change is
1B9O: LDYHOSZ

Note 2.5: Display I/8 or /I ...($1C40- ): Just require 1C48: LLDAROZ

Note 2.&6: Fut site I.D. in C84 (same I.D. as in CFU#1) by LDAH#_
STA RCBA.

As with CFU#1, other changes can be made,
enough as it is. {execution time
of new cross—correl routine, but
needed.)

————— ¥

but the program is fast
will increase by approx B4, because
it already goes B times as fast as

Note 2.7: clear the reference to

antenﬁ#4 from the screen display: Fut
$A40 in 1DEE-F1 and 1DF4

Q

A lot more mods will be required to operate whatever data storage
device we develope/buy. $2000.5EAF can be used to stack

records before
dumping if necessary.

CPU#Z (mods required to COHRTW-FMFCA-VIBI™)

Note Z.1: Line 40: change antenna spacing (m), and pair (geographic,
deg E of N) directions in order 2=3:1, 3=32, 1=33

Mote 3.2: Line 287,288: put "IF I < 4"

Note 3.3: line 300: delete "+ARM) " and "+AT(4)"

and change
denominators to ".../3"

Note Z.4: line 330: pubt «... N=3I%k ....

Note 2.59: line S510-560: must be re-written
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2126-
2128-
2129-
212B-
212C-
212E-
21E0-
2131~

[l BeAnE
e

2134~
21T6—
2137-

2240-
2242
2044
2246
2248
224A-

224C-

224D~
224F -
2250-
2251
2252

2254-
2255-
2257-
2259-
225A-
225C—
225E-
225F-
2262-
2264
2266—
2268-
226A—
226C-
226F-
2271-
2273—
2275~
2276—
2277-
227A-
227C-
227F-
2281-
2282
2284-
2285-
2287-
2289-
228A-
228D—
228F -
2291-
2293-

2295-

A

*KXKKK

01

EO

EF
EQ

EO
FF

FF
20
9F
03
9E
9F

EF

Q0

LISTING OF MODIFIED (for 3-ants) AREAS ¥¥¥xxkx
( GPU#1, CPU#2, CPU#3 )

REQ
SEC
ROR
DEX
ENE
LDA
ASL
ASL
STA
STA
RTS

277

$2129
$EO

$211D
. $EO ¢—— bit check status

shift #4 off end so it doesn't conttibute
(also means you don't have to do this

P~ ——ubaCP 2ok 1£ bit-check fini.(i.e. ok)
$—— _- status going back to CPU#2

08

FE

FD

LDY
LDA
STA
LDA
STA
LDA
TAX
LDA
ASL
ASL
ASL
STA
TYA
AND
ORA
TAX
LDA
STY
SEC
SEC
RBCS
EOR
ADC
STX
LDX
ROR
LDX
CFX
BNE
FHA
TAX
LDA
STA
LDA
STA
DEY
LDX
DEX
LDA
STY
SEC
SEC
RBCS
EOR
ADC
LDX

ROR

#$03 3-antennas

%97

#6507
%97 i

($A9) .Y
H£9A

$0800, X
$2268
#$FF
#$01
$9D

$9A
$0200, X
$9F

$E2
$2274

$FEOQO. X
$9C
HFDOO0. X
$9R

9D

($AF) . Y
A

$0800. X
$2293
#4FF
#4501
A
0200, X
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2298-
229AQ4~
229C-
229E~-
229F -
22A0~
2201~
2204 -
2206~
22A8-
22AB~
220D~
22AF -
2281~
2RI~
22RE~
22H7~
22Bg-
22R9-
22BA-~
R2RE~
22BC—
22RD-
22BE-~
22BF-
22C0—-
2202
2204~
2207-
2208-
22CA-
22CR—
220CHE-~
22D1~
22D5~
22Dé6~
22D8~
22D9-
22pR-—-
22DD-—
EEEQ—T
22EL—- %
2REZ2-

22E4-~

2REL—

22E9- *
PRER~ %
22ED~
22EE~
22F1-
22F 4~
22F 4
22F9-~
22FB—-
D2FE~
D2FF-
2300~
DIO2—-*

2303~

9F

=]
a

Q1

Q0
IR
R
(als}
C

80
oc

10

9B

eC

9F
DF
03
BF
94
9E

QOZ

40

ER

FD

FE

F7

08
08

09
09

0e

09

LDX

NOF
NOF
NOF
NOF
NOF
NOF
NOF
NOF
CcLC
ROL
ROL.
JSR
NOF
LDX
cLe
abnc
8TA
BCC
ING
LDy
DEY
DEC
REQ
JMP
DEY
DEY
DEC
BEG
JHMF
LDX
LDY
FLA
ADC
STA
RCC
INC

INC
INX
DEY
ENE
RTS

20

$GF
$E2
$229F
I

$EDOO. X
$9R

91
$FEQD. X
$9C

$9C
#4580
$22BF
#EFF
$22C7

$9R
$9C
$F7A0

$9F

$08DF ., X
$08DF. X
H22D&
$OBEF . X
H9A

$9E
$22E0
$F24A

$9F

$22EG
$F246
H$OT 1is
#5056 6

$096F X L

. BOPEF, X

$22FE
$0967,X H
$22FE

& Q of selected height pushed on
stack, to later get ¥/ %q stuff

therefor there are 6 bytes on the stack
after

next antenna.

last antenna.

not last,so loop.

last of ant#1-3, so skip over indexing for #i

Next height
t byte off stack is Q3, so set X to point at accum,

bytes on stack :Q3,13,Q2,12,Q1,I1 (at sel. height).
get Z(I-LTM)i'((Q—LTM)i {(running sums)

$095F, x Hy

$22ED

~126-



2429-
2420~
242D~
242F -
2471~
2432-
24TI-
2434
24T5—
2476—
R4T7-
2478-
2479-
243B-

' 243D-

247E-
247IF-

‘2440-

2441
2442 -
2443-
2444
2445-
2447~
2449-
244C-
244F -

2450-

T2451-

2457~

. 2456—-

2459
245E-
245D-
245F -
2461~
2467~

2465~

0o
Q0
AR

FE
FF
02
AD
00
1A

Q0

c7

03
c7

c7

AD-

(a]y)
1A

06

Q0
1A

04
AD
Q0
1A

0A

Q0

1A

08
AD
QO
1A

09
07

09
07

FF
03
ES
18

03

c7
c7

Q3

c7

03

cC7

c7

03
c7

13

c7

e

e

c7

c7
c7

LDY -

LDA
STA
DEY
ENE
LDY
LLDA
STA
STA
STA
DEY
LDA
STA
STA
STA
DEY
LDA
STA
STA
STA
DEY
LDA
STA
STA
STA
DEY
LDA
STA
8TA
STA
DEY
LDA
STA
STA
STA
DEY
ENE
EBEQ
NOF
NOF
NOF
NOF
NOF
NOF
NOF
DEY
ENE
REGQ

'NOF

NOP
NOF
NOF
NOF
NOF
NOF
DEY
CFY
EREQ
JMF
LDA
RTS

CLC
L.DY
LDA
8TA
ADC
8STA
ECC
LDA
ADC
STA
DEY

#$00
#$00
($AR) . Y

$23ZDE
#HEFF
$C702
($AD) . Y
$0OZ00.Y
$C71A

$C700
($AD) .Y
$0O3I00.Y
$C71A

$C706
($AD) . Y
$FOZ00.Y
$C71A

$C704

($AD) . Y |
$0300.Y /
$C71A

$C70A
(6AD) . Y
HOIO0.Y
$C71A

$C708
($AD) . Y
$1300,Y
$C71A

$2478
$2438

Antenna#l I

don't read or save or send to raw data port

$2444
$2444 but keep memory storage the same as 4-antennas

Antenna#l Q

ditto

HEFF
$244C
S$R2IES

$C718

#$FF
$C702
$C71A
($AD) . Y
($AD) . Y
$2465
#$00
($AR) .Y
($AR) .Y
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2400
2402~
24C4-
24C5~
2407~
24C9-
24CA-
Z4CE-
24CC—-
24CD~
24CE-
24CF~
24D0O~
2401~
24D2~
24D3~
2404~
24D5~
24D~
24D7~
24p8-
24DA~
24DC-
24DD-
2ADE-
24DF~
24E0-
24E1-
TAEZ-
24ET~
Z4E4-
24ES-
RAE6-
24E7~
Z4EB-
Z4EG~
24EA-
Z4EE~
R4ED-
24EF~
24F2-
24FS~

24F 6~

sl

10
0E

FF
03
53

18

c7

c7
c7

c7

c7
c7

c7

Fa
c7

[l

sC700
$C71A
($AD) . Y
($AD) .Y
2478
HEO00
($AB) . Y
($AR) .Y

$C706
$C71A
($AD) . Y
($AD) . Y
$248R
HH0O0
($AR) .Y
($AR) .Y

$C704
$C71A
($AD) . Y
($AD) . Y
$249E
#$00
($AR) . Y
($AR), Y

$C70A
$C71A
($AD) .Y
(SAD) .Y
$24B1
#$00
($AR) . Y
($AR) .Y

SC708
$C71A
($AD) .Y
($AD), Y
$24C4
#$00
($ARY .Y
($AB) Y

$24D7
2407

S24EA
$24EA

#$FF

S24F2
$FA53
$C718

"discard"antenna#l I,Q

quicker to branch than to run
through NOPs '

but keep L-antenna memoryiindexing
quicker to branch ...
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08

08
FE

FC

FC

09
09

09

08,

08
08

Wo’( E1 .4.]

L.DX
LDY
LDA
LDY
ORA
SThA
LDA
LSR
ROR
LDY
LDA
ADC
8TA
LSR
L8R
ADC
ADC
STA
ERCC
INC
ENE
INC
LDA
STA
8TA

"BNE

RTS

H#E20 . Accumulate mean magnitudes

$08DF.X L
$FCo0. Y HoL same as the 4-antenna version but

$O8BF. X H must div-by-24 instead of 32!

sopoe.y Lol Method is to div-by-32 and mult.-by-

$FCO0.Y H  +16 1.333
42 (and save carry)

HOF
$9F

$FCOO.Y H>L 1
$9F * 18
H9F

1
$9F +4 () . .
SO93F, X =AU g 14
$093F, X 3z (g ()
$278E : = 1.328*sum (close enough)

$O91F, X
$2793 clear accums 2

_ $08FF, X

#5500
$08DF, X
$0BBF, X

2762

| NoTe 1.€

l. 6

J—1

2760~ AZ 20
2762—- ¥ RC DF
2765- B9 00
2768+ BC BF
27 6B 12 GO
27 6HE~ 85 9F
2770— B? Q0
R77E~- 4A
2774~ 6bH 9F
2776~ A4 9F
2778 BS? 00
2778~ &5 9F
277D~ 83 9F
277F =~ 4A
2780— 44
2781- | &5 9F
2783~ | 7D 3IF
2786~ 9D 3F
2789- 0 03
2788~ FE 1F
27BE~ DO 03
P70 FE FF
R79%~ | A9 0O
2795~ | 9D DF
2798- | 9D EF
2798~ CA
279C- DO €4
279E- % 60
28C4~ & A9 DB
28C6— A2 00
28CB- FO 04
28CAH~ 22}
28CR~ 8D 1A
28CE~- 49 FF
28Dha- aDp 1A
28DE- CA
2804~ % EQ Ri
28D&~ DO F2
2808 AD 18
28DE~- A% 0O
28DD- EA
28DE~ EA
28DF - EA
28E0- 8
2BE1- 48
28EZ- E? 01t
28E4- DO FC
28EL~ &8

€7

c7

c7

LDA
LDX
EBER
TXA
STA
EOR
STA

DEX -

CFX
BNE
LDA
L.DA
NOF
NOF
NOF
SEC
FHA
SEC
EBNE
PLA

14

#+D8 I.D. "Xv ¢
4500 0 raw data port

$28D0 d then £111 ‘

an en £i1l in the rest of the 192 $C
$CTLA bytes with test data ( ﬂ)
#EFF

$C71A

#4511 (sets # bytes "padding" to gain and info o/p)
$28CA
$0718
#$00

#HEO1
$28E2
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QOCLB-
0OC&6D-
QOC70-
0Cc72-
QC75-
0C77-
OC7A-

OC7F -
[sInt=h
0CB84-
0Cc86—
0c89-
0OCBA—
OCB8R-
ocsc-

QOER0-
OE23
QEZ25-
OE27-
OEZA-
DE2D—
OEZE-
OEZ0-—
QEZ1-
OE33-
OEZ5~
OEZ7—
QEZ9-
DEZB~
QEZD-
OE40—
OE41-
OE43—
QE45—
OE47—-

QE70-
QOE72-
QOE74-
QE76—-
OE78-
OE7A-
QE7C-
QOE7E~-
0OE8O-
OEB2-
0E84-
OE86—

' OEBB8-

OEB9—
OEBE-—
QEBD-

toc7e-

»

06

RO
A?

FF
0c
06
69
oD

F7

c7
06
c7
7F
02
Di
oD

c7
7F
02

ce

_NOTE 2.6 |

CS

BC

EBC

EBC

LDA
STA
LDA
STA
LDA
STA
LDA
STA
L.DA
STA
LDA
STA
RTS
227
Farars

777

#H00
$SEFF
#4324
$C503
#$3ZC
$C503
#$00
$RCB1
#$FF
$RC8BO
#4D8B
$BC8BA

1E
07

07

NoTE 2.1

LDA
ENE
LDY
LDA
STA
DEY
ENE
RTS
STA
LDY
ASL
LDA
ECS
LDA
STA
DEY
ASL
LDA
RBCS
LDA

$5FFF
$0OE31
#$06
$1E69.Y
$070D.Y

SOER7

$C7
#$06
$C7
#$7F
$OESD
#$D1
$070D.Y

sC7
#57F
SOE49
#$C?

A9
85
AS
85
AS

A0
A2
RS
5
BS
95
CA
DO
AQ
85

LDA
STA
LDA
STA
LDA
STA

LDX
LDA
STA
LDA
STA
DEX
ENE
LDA
STA

#$03
SAE
$C1
$AC
$C2
$AD
#4540
#H0A
$7F. X
$9F. X
75, X
$DF . X

$OEBO
HEFF
R4

CMD to CPU#1 (B = normal operation of COHRTW)

Site I.D. (here = "X" for portable)
Calgary will be "C" ($C3)
London will be "L" ($CC
Park will be "P" (3Dg) or null ($gg)

display 6 bits of bit-check status
(has already been shifted be#1 so msb=#3Q)

CPU

3-pairs Complex Xcorrel( 85msec)
Xcor counter

completely re-written/re-organized
for 3-antennas
base address "U4V3 Re" = gll in this 3-antenna version

Must do all lags for each
pair separately

zero-page antenna stores are
rotated to get diff, pairs

lag counter
I2 to rolling store

% " " "

flag -ve lags
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OE8F—
QER0-
OER2~
OEQ4-
0EF6—
OEF8—
OER9-
DERC-
OEFE~
OEAQ-—
QEARZ—
QEA4~
OEAS—
OEAB—
OEAA—
QEAC~-
OEAE~—
QERO—
OER1—
OER4-
OERL—
OERB~
OEBA~
OERC—
QEBD-
OECO—~
OEC2-
QECA—
OECH—
OECB-
OECY~-
QOECC-
OECE-
OEDO-
OED2~
OED4 -~
OEDS—
OEDB—
OEDA~
OGEDC-
OEDE~-
OEEO—
OEE1-—
OEE4~-
OEE6—
DEE8~
OEEA—
OEEC-
OEED~—
OEF O~
OEF2~
OEF4—
OEF&—
OEF8-
OEF9—-
OEFC~
OEFE-
OF OO
OF02-
OFO4—
QFO&—
QOF 08—
OF0A-
OFOC-
OFOE~
OF 10—
OF11-
OF L 4~
OF 16~
OF 18—
OF1A—
OF1C~-
OF1D~
OF 20—
OF22~
QF 24—~
OF 26—
OF 28—
OF29-

© OFZC-

OF2E-

00
B2
A7
D

00
R2
B2
Ab
?C

OO0
R2
R2
AS
9B

00
B2
B2
A4
A

00
B2
B2
AT
?

00
B2
B2
A2
98

00
B2
B2
Al
9?7

o0
B2
B2
A
246

00
B2
R2
£7
93

00
B2
B2
E&
2

00
R2
B2
ES

?1

[s]5]
B2
B2
E4
0

0
B2
B2
EZ
8F

o0
B2

B2

o~
(2l

63

o~
ot

63

#H00
$R2
A7
$9D

$6300. X
SR2
$R2
$Ab
%9C

$6HTO0. X
$SR2° -
$R2

$A5

$9R

$6T0O0. X
SR2
$R2
$A4
$9A

$6T00. X
$E2
$B2
$AT
$99

H$HI00,. X
HR2
$R2
HA2
$98

$HTO0.X
SR2
$B2
$A1
97

$HI00, X
SR2
SE2
HAO
$96

$6I00. X
SR2
$H2 e

pos'nl

$E7
$93

$6HI00, X
HER2
$R2
$E6
$92

H6T00. X
$H2
$B2
SES
%91

$6I00. X

$6300, X
SE2
SR2
SET
$8F

H6300, X
$R2
$B2

‘posnl

-131-~

vs I

vs Q

pos'n2

posn2



OFZ0~-
OF 32~
OF x4~
OF 35~
OFZ8-
OF3A-
OFZC-
OFIE-
OF 40—
OF41-

" OF 44—

OF 44—~
OF48~
OF 4/~
OF4C~
OF4D-
OF50~
OF 52—
OFS4—~
OFS6—
OF 58—
OF SR~
OFS5C~
QOFSD-
OF &0~
OF 42—~
OF 64—
OF 66~
OF 68~
OF&9—
OF6C—
OF6E~
OF 70—
OF72~
OF 74~
OF 75—
QOF 78~
OF7A-
OF7C~
OF 7k~
OFBO~-
0Fg1-
OFB4-—
OF86—
QFB8-
oFga-
OF8C—
OF8E~
OF8F
OF?1-
OF 23—
QF 5~
OF?6~
OF98-
OF 29—
QF9RB—
OF9D-

. OF9F~

OFAL-
OFAZ-
OFA4—
OF AL~
OFAB—
OFAA—

t OFAC-

OFAD-
OFRO-
OFB2-
OFRB4~
OFR&6—
OFRBB-
OFBE9—
OFRC-
OFBE~
OFCO-
OFC2-
OFCa-~
OFCS-
OFC8-
OFCA-
OFCC—
OFCE-
QFDO-~
OFD1-
OFD4—
OFD&-

E2
8E

00
B2
R2

E1l

00
B2
B2
EQ
ac

00
B2
B2
B4

30
k4]

00
B2
B2
FE

Q0
B2

S B2

DF

(#]8]

B2

AC

40
AC

oz

AD

00

o0
R2
B2
ES

B

00
B2

7 B2

E4
A

00
R2
B2

o
i

63

o
i

T
et

63

L.DA
AND
TAX
LDA
ADC
8TA
LDA
AND
TAX
LDA
ADC
8TA
LDA
AND
TAX
LDA
ADC
STA
BIT
BMI
LDA
AND
TAX
LDA
ADC

LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX

ADC
8STA
L.DA
AND
TAX
LDA
ADC
STA
ADC
STA
BRCC
DEY
LDA
ADC
8TA
INY
LDA

SEC
STA
BCS
DEC
cLc
LDA
8TA
STA
LDA
AND
TAX
LDA
ADC
STA
LDA
AND
TAX
LDA
ADC

LDA
AND
TAX
LDA
ADC
8TA
LDA
AND

LDA
ADC
sSTA

$E2
$8E

$LEIO0. X
$R2
$R2
$E1
$8D

E6I00. X
$R2
$B2
$EQ
$8C

$HI00, X
$R2

$RB2

B4
$0FB8
EFF

95

$6300.X
$R2
$E2
$PE
$74

6300, X
SE2
SR2
$DF
%8B

$6300.X
$R2
$B2
sDE
+8A

$6HZ00, X
$R2

$R2
($ACY . Y
($AC) , Y
SOFQ6

#$00
($AC) . Y
($AC) . Y

$AC

#$40
HAC
SOFAL
$AD

H$00
sE2
$R7
$E7
9D

S6IO0, X
SR2
SE2
$E6
$9C

$HI00. X
SR
$E2
$ES
$9R

$6300. X
SR2
$R2
$E4
$9A

$6I00, X
$R2
B2

-ve lags?
YES

zero or +ve lags, so

2 more Ivs I

and 2 more Q vs Q

accumulate I14+QQ

~=back to H-byte of accum

Now point to Im "Lv3"

+ve sum of QI
sum of -ve IQ
Qposn2
Iposni

QI-Iq
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OFD8-—
OF DA~
OFDC~-
OFDD-
OFE0—
OFEZ2-
OFE4-—
OFE&L—
OFE8—
OFEF~—
OFEC-
OFEE-—
OFFO—
OFF2-
OFF4—
OFFS—
OFF 8~
OFFA-
OFFC—
OFFE-
1 000—
1001~
1004~
10046~
1008~
100A-
1000~
100D—
1010~
1012-
1014-
1016~
1018~
1019-
1010-
1G1E—
1020~
1022~
1024~
1025-
1028-—
1020~
102C—
102E~

1020~

1031-
10Z4~
1036~
10Z8-
103A~
103C-
103D~
1040~
1042~
1044~
1046~
1048~
1049-
1040-
104E~
1050~
1082~
1054—
1055
1058~
1050~
105C-
108E-
1060
1061
1064~
1066~
10468~
106A~
106C—
106E-
1070~
1071-
1074~
1076~

a0
B2
B2
E2
98

00
B2
B2
97
00
B2
B2
EQ
76

00

(a1n]

B2

&3

&3

63

o~
i

o
i

SEZ
%99

$6I00, X
$R2
HE2
$E2
%98

$6300, X
HSE2
$B2
HE1
97

$6300,. X
$R2
$R2
$EQ
96

HHT00 X
SH2
$BR2

A7 Iposn2
$93 Qposnl

$63I00. X
SR7
$E7
AL
$72

$6300, X
HRB7
$R7
AT
$21

H6IO0, X
SE7
$R7
A4
90

$6300, X

6300, X
$B7
$E7
$A2
S8E

$6300, X
$R7
$R7
$A1
$8D

$6300, X
BT
SR7
A0
$8C

$6300. X
SE7

$RB7

R4
$109C
SDF

$95

6300, X
$R2
$B2

YES

nb,"posnl" means from the antenna #1 store
since -the ant.data are rotated, this
doesn't mean ant#1 always

-ve lags?

+ lags, so

2 more Qposn2 vs I posnl
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1078-
107/~
107C-
107D-
1080-
1082~
1084~-
1086~
1088-
1089—~
108C-
108E~
1090~
1092~
1094~
1095-
1098-
109A0—
109C~
109D-
109F—
10A1-
10A3-

T 10AS—

10A7—
10A9~
10AA-
10AC~
1 OAE~
10RO

C1OELI-

10B3-
1OR4—
10B6—
10R8-
1OBA—
LORR~
10BD—
LORF—
1001~
10C2-
1004~
10Ce6~
1007~
10C9-
10CH~
106D~
10CF -
10D1-
10D3-
10DS—
10D7~
LODF~
10DR—
10DC-
10DE~-
10EO~
10E2~
10E4-
10E6L~
1OEB-
10EA—~
10EC~-
1OEE—~
1OF O~
10F1—
1oF2-
10F4-
1L OF 6~
10F8—
LOFA—
1OFC~
L OFE~
1100~
1102~
1104-
1105~
1107-
1109~
110B—
110D~

Q0

DE
94

Q0 &3
R2
B2
oF
8B

é
o~
1]

00 &3

AC
(8]0
AC

OF "~

20
OC
QO
B4
9E
9F
DE

AC
40

a2

AD
8F OE

$DE
$94

SHIO0, X
$R2
$R2
S9F
8B

H$HI00 X
SE7
$R7
$PE
+8A

6300, X
HSR7
$B7

($AC) . Y
SE7
$10R3
SR2
($AC) .Y
$10C2

($AC) . Y
#$00
($AC) . Y

$10C2

B2
($AC) . Y
$10C2 .

HHOO0
($AC) . Y
($AC) LY

SE4
$1110

$A9
$AB
$A7
A6
$AS
A4
$AT
$A2
$A1
$A0

$ET
$E8
$E7
$E&6
SES
$E4
$SEX
$E2
$E1
$EO

#E20
$1102
#4500
$R4
$9E
$9F
$DE
$DF
$AC

#$40
$AC
$110D
$AD
$OEBF

and 2 more I posn2 vs Q posnl

L byte of Im accum.

"Iy * T
point to H-byte of accum

back to L byte of accum
forced branch

H

back to L
-ve lags?
No

-ve lags,so roll 10 bytes @

shift I sequence by 1 bit

shift Q sequence by 1 bit

next lag = O-lag ??

Yes,so mark that next lag is 0 or +tve

move accum. pointer back to "4V3 Re"

~---next lag
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1110- 88 . DEY +ve or zero lags

1111~ 88 DEY

1112 FO 38 BREG $114C end of one cross-correlation
1114~ 18 cLe

1118- 26 A7 ROL $A7

1117- 26 Ab ROL $A6

i119- 26 RS ROL $A5 shift I sequence by 1 bit
111R- 26 A4 ROL. $A4

111D~ 26 A3 ROL. $A3

111F~- 26 A2 ROL $A2

1121~ 26 Al ROL $A1

1123~ | 26 A0 ROL  $A0 +ve lags

1128- 26 9F ROL $9F

1127~ 26 FE ROL $9PE

1129~ 18 CcLC

112A- | 26°E7 "7 ROL $E7

112C-, 26 E& ROL $E6

L1ZE- | 26 ES ROL  $ES shift @ sequence by 1 bit
1130- 24 E4 ROL $E4 '

1132~ 26 EZ ROL $EZ

1134 26 E2 ROL $E2

1136— 26 EL ROL $EL

1138~ 26 EO ROL $EO

11Z3A- 26 DF ROL $DF

113C- | 26 DE ROL  $DE (Al

113E- | AS AC LDA  $AC go back to "Re of WB" forhext lag
1140~ 18 cLc

1141~ 67 40 ADC #5540

11475~ 89 AC STA $AC

1145~ 20 02 RCC $1149

1147—- E& AD INC $AD

1149~ | 4C BF OE IMF $DESF v
114C- A5 AC LDA $AC move accum pointer down to "H¥2 Re"
L14E~ =B SEC

114F— EQ 40 SBC #4640

11581- 8% AC STA $AC

1153~ RO 02 BCS $1157

1155~ Cé AD DEC $AD

1157- AZ 14 LDX #$14

1159~ BS 89 LDA $89. X

1158~ 48 FHA rot :ate antenna zero page bit-amp stores
115€- | B9 75 LDA  #75.X so can get next ant-pair with same program
118E- ?5 89 STA $89. X

1160- BS 61 L.DA $hH1. X

11462- 95 79 STA $75. X

1164~ 68 FLA

1165- 95 61 STA $61.X

1167~ cA DEX

11468~ DO EF BNE $1159

116~ | ©C6 AE DEC  $AE next Xcor

116C— FO 03 BEG $1171

116E- 4C 7C OE * $0OE7C

1171- 60

1172- FF

11735~ FF

1174 FF

1175 FF

1176 | FF

1177~ FF

1178~ FF

1179- FF

117A~ FF

1178~ FF T

117C- FF 7

117D~ FF e

117E- FF s

1178- | FF 77 ¢

1180~ 8% B2 STA $R2 \“ﬂ

1182~ A5 EO LDA  SEO the rest of the old Xcor program has been
1184- 25 78 AND %78 Left where it sits.... so space$1180- $15AE is free!
1186— AA TAX .
1187- BD 00 &3 LDA $46H3Z00. X .
118A— 65 B2 ADC $B2 .
118C- 85 B2 STA $R2 N
118E- 24 R4 BRIT $RB4 .
1190~ 20 FO0 EMI $11C2 .
1192~ AS 9F Lba $9F
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1C66—-

1670- R A9
1672- 85
1674~ A?
1676-. 85
1678~ A2
167A- BS
167C- 25
167E~ BS
1680- 95
1682- CA
16832— DO
1685- A?
14687~ 85
1689- 85
1 68E- 85
168D~- 85
168F- A0
1691- AS
1693~ 85
1695~ AS
1EB85—. EA
1R86— A?
' 1B88- 85
1B8A— A?
1Rp8C- 85
1RBE- AO
1R90- % A9
1B92- 85
1E?4- B9
1B97- 48
1R98- 88
1R99- R?
1R9C- 48
1B9D- 88
1RPE- 84
1BAO—- AQ
1BAZ- A9
1BA4— 85
1BAL— EA
1BA7 - EA
1C40- A?
1C42- 85
1.C44- A?
1C46— 85
1C48- % A9
1C4A- 85
icac- AQ
1C4E- A9
1CS0- 91
1C52—- 88
1C53- 10
1C55—- AO
1CS57- Ab
1C59- ED
1C8C- 10
1CSE- AO
1CH60- ce
1C62- DO
1Ch64- A9
21

NoTe 2.3)

#5003
$EB4

#4$89
$AA

#408
$95.X
$9F . X
%8R, X
$DF . X

$167A
#4500
$9E
$9F
$DE
$DF
#+418
$C3
SAC
$C4

2.4 |

#ERE
$A0
#$05
$A1
#4008
#$03
$AZ
$60D7.Y

$60D7.,Y

A2
#$05
#$02
$A4

2.5

03 - LDA
E4 STA
89 LDA
AA STA
08 LDX
5 LDA
9F STA
8Kk LDA
DF STA
DEX
FS ENE
00 LDA
9E STA
F STA
DE STA
DF STA
18 LDY
3 LDA
AC STA
c4 LDA
\ NoTe
NOF
B& LDA
AO STA
05 LDA
Al STA
08 LDY
03 LDA
AT STA
D7 &0 LDA
FHA
DEY
D7 &0 LDA
FHA
DEY
A2 STY
05 LDY
02 LDA
A4 STA
NOF
NOF
[ NoTE
{
AD LDA
AO STA
05 LDA
Al STA
03 LDA
A2 STA
Q7 LDY
Ao LDA
A STA
DEY
FR EBFL
07 LDY
A2 LDX
9 60 LDA
oC EBFL
02 LDY
64 CMF
06 ENE
E1 LDA
A0 STA

#%AD
$A0
#$05
%A1

3-antennas

Auto Correl (< 46ns)

antenna counter (3-antennas)

#$03  Rx (screen line) counter : 3-antennas

$A2
#$07
#$A0
($A0) . Y

$1C50
#407
$A2
$6099, X
$1C6A
#4602
#4564
$1C6A
#$E1
($A0) .Y
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part of fixed screen display

1DEO~ BA 00 AB 06 AT BI Al_0Q put blanks instead of "#4!"
IDE8- B3 06 A1 00 28 07 0 A0
1DFo- BO)oo 33 07 00 IF 07
1DF8~ T3 DO DS A3 B2\BA 00 54

and instead of "!"
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O

Mods to C128PMFCA-V18J' to get 3-antenna CM,Feb22'90

version: C128PMFCA-3ANTS-V18J'

Title line (line 10) plus the following:

spacing and 2=>1, 3=>2, 1=>3 direction for main array (Park) test

68 D=270:P=57.29578:P1= B/P:P2=240/P:P3=120/P:P1=1.5708:TT=236: TU=TT*TT

287 IFT<ATHENIFAR(I)=NNORX=NNTHENPRINT® CONST 516" :POKEIG. PEEK(1G)+48:G0TOZ068
286 IFI<ATHENIFAR(I)=DORX=BTHENPRINT® CONST 5IG*:POKEIG.PEEK(IG)+48:G0T0ZEEG

300 SR=(AR(1)+AR(2)+AR(3) ) /NN/3:SI=(AL(1)+AT(2)+A1(3)) /NN/3
330 FORI=5TO10:N=3% (NN-T+4): ovvvuenns

get combined pair means and variences

518 MR=AR(1)/NN:MI=AT(1)/NN:VR=MR*(1-MR)+HI*(1-HI)
330 FORI=1TO3:K=I+1:IFK>3THENK=1

348 X=AR(K)/NN:Y=AT(K) /NN:SB=X*(1-X)+Y*(1-Y)
530 MN(Ly D)=X#HR+Y*MI tMN (24 T)=X#NI-Y*MR:V(1)=50R(SE*VR) g

560 VR=G0:MR=X:HI=V:NEXTT "\ﬁ' sense of x-prods in CPU#2

reverse signs!!! ToTt0y | QI -T,Q)
1.I.% 8 T
372" 9% | l-19,
indicate site I.D. on printer output I113+Q1(;)’3 YT
R !

. ™

2080 PRINT" COHRTW!' # N E '$# N E'# N
Robsrt
Sylvan
Tromso

E '3
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s#%%%% SAMPLE PROCRAM TO SHOW LOAD&GO USAGE ¥

D2O00— A = L.DA HEIC } NMI control = high CPU#2Program to test
2 ap 0% C5 STA $CS503 "load and Go" feature
A7 I8 LDA #$38 select DDR on port of GPU#1BK25'' EPROM
ap 01 CS STA $C301 .
2OOA- A9 FF LDA  #$FF all output
2000~ ap 00 .S STA $CT00 .
BOOF- AT = LDA #EZC } handshake (CA2) = high 3 or 4 ants!!
2011- gD 01 CS STA $0501
2014~ A9 34 LDA #4374 L send NMI  to CPU#L
2016— 8D ©% C5 STA SCH03
2019- A9 3 L.DA #43C H
201B— 8D 03 CS 8TA $C503
ROLE- EA NOF ‘
201F - EA NOF
2020- EA NOF
- 2021 EA NOPF
Q‘ 2022—-  EA NOF'
20235~ EA NOF
2024— EA NOF
2025~ EA NOF
2026~ EA NOF
2027- EA NOF
2028 AT 00 L.DA #$00
202A~ 85 A0 STA $A0 initial address of "data" to send to GPU#L
2020~ AR 21 LLDA #421
202E- 8% Al STA $A1
2OET0~ AD 04 LDY #H04 "data" has length of program embedded in it,so
2032~ Bl A0 LDa  ($A0).y  dig it out (here assumed to be less than 1 page!)
2054 18 CLC
oI5~ &9 30 aDnc BETO + header length = total length to send
[els Juy 2 aA TAX Use X as counter
2038- EA NOF
2039~ EA NOF
203A— EA NOF
20ZB- EA NOF
2030 AD OO0 LDY #H00
20ZE~- AD 01 CS L.DA $C501 n "
a1 10 FE BFL +OTE wait for "ready to receive" signal from CPU#1
2047~ AD 00 CS DA #0500 clear handshake signal
2046— Bl AG LDA ($A0) .Y  get data
2048- 8D 00 C5 8TA  $CS00 and send 1t,
Z04E- A9 34 LDA  #$34 with handshake
204D- gD 01 C8 STA $C501
2050~ A? 30 L.DA #$3C
2052- 8n 01 CS STA $C501
2O55— ca INY next data address
2O56-  CA DEX next byte
2087- DO ES ENE $203E
2059~ 40 69 FF JMF $FF69 Jump to monitor
2080~ FF raras

CMD to CPU#1 (non-zero = "load program and go")
(zero = normal COHRIW operation)
start addr, for program in CPU#L ($2p4!)

length of program(not including header!) = 34 bytes=$22 bytes

2000
2100.2128

2100- 00 00 00 HEADER DATA ( 48 bytes)

2108- 00 QD 00 00 00 00

2110- 00 00 00 00 00 00 00 00

2118~ 00 DO 00 00 00 00 Q0 00

2P0~ 00 00 00 00 Q0 00 00 00 ) e e

i;fg;‘—u(_) OO 00 QO OO 0O 00 FF comm link check bytes [
2130- A9 01 LDA  #501 progran (here stored in CPU#1 starting at $2f@)
2132~ 85 02 STA  $02 (because of param. in header)

21T4- 20 00 FA JER  $FAQO  approx 1 sec delay

2137- A5 02 LDA 02

21TG~ 20 40 FS5 JSR  $FS40 LED on Program turns on 1sb LED,then off;
213C- 20 00 FA  JSR - $FAQO  delay then 2 1sb LEDs, then off, etc...
ZITF- A5 02, LDA 402

2141~ 20 50 FS JSR  $F550  LED off

2144~ AS 02 LDA $02 ++..s.should have CLC before roll, then 1 led on
2146-  2A ROL. , at a time.

2147- 90 OF ECC 22140

2149~ A9 01 LDA  #$01

214p~ 18 cLe

2140- 85 02 STA 02

214E~ DO E4 BNE #2213 hi$213¢-2151 = $22 bytes

2150-  FO E2 BEQ  $2134 progran lengthi$213-2151 = $22 byt

el F. L
* %%****;;************************************%*************************************%*

X Y
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Raw data port specs
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*¥%%%%%  1st DATA SENT TO EXTERNAL "RAW DATA" PORT

PROBLEMS

***r*******

CLASS

NAME

DATE

gains in use

gate separ. -

clock-in delay
( r st gate delay

32 nAEAnEEEERERERNR
kOQFF,FF,QO,FE,Oi,_FDOZ, D eeaes
site test bytes ....

lowest ht. I.D.

First "buffer” sent to raw data port: length=256 for 4 antemnas system

1 length=192 for 3 antennas system
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PROBLEMS

NAME DATE

Memory allocation for single card computer (GPU#1)

$FFFF/7FFF_5

program

| 8K
SEpgp/ 7ppp | - EFROL

not used at the moment

$Eppp/eppp —

not decoded

expans. 4¢2¢;@¢3F (not used)

$CPpp/hPsP | ports LEPP-LPIF (8 select lines)

8K
static
Tram

RAMZ

$agpp/2ppp —

8K
1 static
ram

RAM1
using $@-$977 only

$8p0p/ pree-

Y



gap: page 145-160

, e L6pomsiin |
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May 12 1993 MAY 7 s

CNSR and Tromsgp Upgrades

General:

The following notes are not intended to document changes down to the last
byte, just to describe new features (beyond the Jan 24,1992 version of the vellow
report)- e.g. system tests, extended ranges for system parameters, etc. The most
advanced  programs (May 9'93) are  CPU#1BK29T’ (2000.2FFF), TOTCPU#2W—-
3ACNSR6T(900.203F), and ROBSART/SYLVAN L. C128- V18J‘. As in a previous section,
program segments are labelled with the "note numbers" given below.

Rx _Interface(CPU#1):

Note 1.1: We can now do any amount of integration - a full divide routine
was added (the previous program only did powers of two). Now we can vary At at
will, by changing the amount of integration (along with the record length- which
still must be divisible by 8!- viz the "number of sends"” is specified, each send
has 8 bit-amps )

Note 1.2: CPU#1 now saves the signals for each Rx for the "selected height™
in the final data store going to CPU#2.[This is displayed on the monitor by CPU#2
to give a rough estimate of different antenna sensitivites - so they can be
equalized with attenuators.]

CPU#2 (Apple):

Note 2.0:There was (and is!) a bug in all CPU#2 programs to date (including
version B5R,5S Robsart and Sylvan L.). This bug doesn’t cause any error if the
record length is "$40 sends", so as long as we don’t change the record length,
the CNSR programs are "OK". Tromso has been fixed because we want to be able to
vary the amount of integration/record length at will. In fact probably we will
run Tromso at length=$40 and 24 pulse integration (50 Hz prf), At=0.48s, because
the new open wire antennas are farther apart (164 m) than the loops were
(124m). [With the loops we had 3x6 pulse integration @50Hz and At=0.36s]

Note 2.1: display signals for each Rx at selected height (which is
automatically selected in CPU#1)

Note 2.2: Break out of stuck C128 comm. link. If the Apple finds the C128
not ready, then it sends a continuous string of $80‘s until the C128 "disappears”
into BASIC (detected by the delay in €128 response). The Cl28 tests location
$9440 ( high byte of T(QI-IQ) at lag=12 ); if it finds $80, then it knows it is
being broken out - the only other way to get $80 is with an extremely LONG
record. See Note 3.1 below for its response.

Note 2.3: display CPU#1 check bytes on #1 or #3 comm link error (this was
a quick diagnostic addition, but left in anyway)

Note 2.4: Save signals and "selected height" in D/T store (going to C128
and Tape) --- why not; we have room, and it gives an extra diagnostic for the
Tromso system.

Note 2.5: save the seconds, Sm*16+s , of the last time in the record in
the date/time store (goes onto tape). This is intended to monitor the synch rate
at Tromso, since we are taking our synch from the Digi-sonde and just assuming
it is 50Hz.

Note 2.6: A simple memory test has been added. The bottom 16K is already
checked by the program checksum ( also zero page is the most important page in
the Apple, so if it isn’t working, maybe nothing will work!); the remaining two
"banks" are $4000-7FFF and $8000-BFFF (which each consist of a row of 8 16Kxl
4116's). Actually these memories are "tested" by the C128 program, since errors
could cause BASIC errors — which will appear on the printer. Anyway, a test was
added which loads and compares froma set of memory addresses spanning $4000-
$BFFF, and if it finds a change, displays the chip "ROW" and bit # of the first
bad bit (#0=left-most 4116/9016 .. different makers have different names!). The
"TOP" row is the one (parallel to and) furthest from the keyboard. The "MID" row
is the middle row ...!

Note 2.7: Tape drive variations: The CNSR sites (Robsart/Sylvan L.) use DDC
Pertec Bandstor 9-track 1600 bpi drives - these have reliable backspace and re-
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read functions, and can also be put on line whether or not the tape drive
interface has been initialized. The COHRTW and Tromso have 800 bpi drives;
programming for Tromso is shown (i.e. no backspace or re-read). The tape drive
interface is initialized at the start of CPU#2 program by saving a return address
and jumping to the tape drive EPROM ( this effort is necessary because the EPROM
doesn’t have a specific init. routine setup for external use).

Note 2.8: Some parameters may be different for Tromso - e.g. the amount of
coherent integration and the "record length" (in terms of number of "records"
received by CPU#2 from CPU#l, not necessarily in time), because the antenna
spacing and Tx rate is different. The listing is not final for Tromso, it just
shows where the parameters are.

C128 (CPU#3):

Note 3.1: An error trap was added - so any error sends the Cl28 to a
"gubroutine"” which turns on the printer, prints out the type of error and line
number it ocurred in. Two errors are created on purpose, in line 145 and linel46.
An error in line 145 indicates that it has found $80 in $9440- so the Apple was
breaking it out, not sending data. An error in line 146 means at least one of the
$00,$FF comm link check bytes is wrong. After printing the message, a ~ 2 min
time wasting loop is performed, and then it goes back to look for new data.
[Note: if the Apple finds the C128 not ready anytime, it breaks it out, but also
resets its "lst record" counter - so that the next €128 output is discarded, as
if the system were just started.]

Note 3.2: A "#rec/day" printer o/p (at UT=08hr, just after the titles) is
added so that comm link troubles (which finally fix themselves) can be monitored
- usually a comm link error (CPU#2<->#1 at least) will hang the system for at
least 1 record, so that instead of 288 per day, there will 287 for example.
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( NoT1g 1.1

Biao- a0
2142- E1
2144— 85
21446- E1l
2148- 89
214A- AS
214C- 85
214E- A?
2150- 21
2152~ a5
2154- 89
2156- A2
2158- i8
2159- &b
215B- [=Y:)
218D- AS
215F- B
2160~ ES
2162- 85
2164- AS
2166- ES
2168- Q0
216A- 85
216C- AS
216E- 85
2170- 26
2172- CA
2173~ DO
2175- AS
2177- 91
2179- 88
217A- Do
217C- 6O
217D- FF
217E- FF

MT7F= FFE

10
20
20

4c

00
A7
=
A?
4
E&
71
00
A7
0
22
08

91
92
4

92
95
93
91
04
3
95
24
Q0

EZ
0
A9

Cé

(Nlm \,LS

OF

Z0 F6
0 FB8
71 FZ

A3
09
DA F
0o
AZ
03
50 F4
Ab

icC

AS

OR

i

01
FE

18
oF 09
79 02

F7

04
EC
08
SF 09

SF 09

LDY
LDA
STA
LDA
STA
L.DA
STA
LDA
STA
STA
STA
LDX
CLC

ROR
LDA
SEC
SREC
STA
L.DA
SEC
EBCC
STA
LDA
STA
ROL
DEX
EBNE
LDA
STA
DEY
ENE
RTS
s

2

EBFL
JSR
JSR
JMP
NOF
NOF
LDA
BEQ
JSR
L.DA
STA
BEQ
JSR

"DEC

BNE

BEQ
L.DA
ORA
8STA

LDY

LDA
STA
DEY
BNE

NOF
NOF
NOF

NOF

LLDA
8TA
LDY
LDA

CHF

#4500

($A7),Y

AT

($A9) , Y
L

24

$E6 =n

$91
#$H00

Get mean signals

H here use full divide, so any amount
of integration (n=$E6) can be used)

(THis 15 A Copy” of ThE DIvIBE AT L1ER wnicH
15 VPES famm ‘ananysiy’)

(A7) ,Y clear H-byte for next integr.

%90
$92
#$08

921
Q2

%94

$92
$925
$93
$91
$2170
H93
$95
$94
$20

$2158
w20

start (H,L) ~n

lot o \=

shift and subtract

‘result

($A9),Y kept in 'L' byte

$2142

$2341
H$F630
$FBI0
$F371

HAZ
$234E
$F3DA
#H00
$AZ
$2351
F450
A6
$2I71
$AS
2364
$FE
#4501
$FE

#4168
$095F, Y
$02792,Y

262

#4504
$EC
#5008
$095F, Y

HOP5F, Y
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next avg,

go to gave i]II [Ql in final data store to #2
(to get "signal" ,vs. Rx)

b e/t 1/ aluddtien

save in final param store
going to CPU#2

IR,Q/1
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K1ABOLLL

LARBO~  AS Cé& LDA  $Cé FINAL "DATA" ENTRY
1ABZ— 18 CcLC
1ABRZ— &9 01 ADC #01
18RS~ Cce 2o CHF H20
1AB7- DO 02 BHE %1ARR
1AR7— AT 0O LDA HF00
LABE- 48 LER
1ARC— 4A LSR
1ABED— 44 L8R
1ABE— Fo 08 EEQ %1AC3
1LACO~ OhR ASL
1ACT—~ OA ASL
1ACS -~ OA ASL
1ACIs =g SEC NOTE: This is a gorrected version (MAY93!!)
iac4a- ES OX SRC #s;oz—) { PARK,ROBSART,SYLVAN I,
1A04—- B0 02 BES  #1ACA -~<have Hot been upgraded, because
1ACE~ A% 1D LDA #51D the bug does not affect the result when
1ACA~ g% CA 3TA sCA the # sends is $4¢)
1ACC— a7 Z0 LDA HE20
1ACE- 8% C7 3TA =C7
1ADOD— - A% B4 LDA #4884
1ADE~ S C8 8TA 08
1ADA4— AT 0B DA #408
1ADS~ 8% CRE STA sCH
1ADB- AZ 20 LDX HHEZ20
+ Aarman Rack a U ok ok + T [ A4 e s
1H13- ST LD SUI0Y e
¥1EZOL ‘ No1E Z])
20 40 1C JSR $1ca0 displ. I/Q;Q/I Display Final Param.
20 40 IR JSR %1R40 displ, worst LTM's
20 80 11 ISR %1180 display sigs vs. rx,&mem test
6HO RTS
55 Y

1A1G~ AD E1 CO LDA £COR1

1A1Z—- 30 07 BMI  $1A1C €128 is ready

1AL~  EA NOF not ready!

1A16- 20 Do 19 JER $19D0 so "break it out"

1A1 95— 4c 0o 1c JHF %1 C00 and C128 NOT' READY msg.

1A1C— 7 28 LDA #3528 .

1A1E~ 8h E1 Co 8TA ZCORL

1A A My |2 YN HaE Oy

18D0— T B0 LDA #4880

1703~ 38D EO CO 3TA FCORO ££g£;§gg;2§§

1505— AD BO CO LDA £C0ORO

13D3- A% 34 LDA #3724 Send string of $80 until C1i28
19DA- ap Bi Co sSTA FCOR] "dissappears" in to BASIC, The C128
(=] — o h -

roopl B2 27 oo iy b will detect the $80 where it should
19ER— a0 FF LDY HIFF never occur for "normal" length records,
cra_ S i

1;E§“ gg gé co ;3? :fggé 1f 1o Tes- and go to an error handling loop
19E5— B8 DEY ponse in $FF (2m wait),

19EQ~ Lo F8 ENE $19E4 cycles,then..

L9EC- A7 ot LDA  #%01 Mark "1st record" (so next C128 data is discarded)
17EE~- 25 BA 5TA FRA

19FO— [=1%] RTS
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[NoTe 2.\

1180- /O 00 LDY #HO0 Display Signals at
1182-  EBY 00 12 LDA  $1200,Y Selected helght
1185- 9 50.07 STA  $0750,Y

1183~ ©8 INY SIGtRX#1bbb#2bbh# 3bbb

1189-  CO 17 CFY  #$17

1186~ DO F5 BNE  $1182

118D~ AZ 08 LDX  #%08

118F~ A0 OF LDY  #3%03 .

1191~ 18 cLc ¥ all iIi'iQi by 8

1192—-  7E 79 &0 ROR %6079, X 1
1155~  7E Bl &0 FOR #6081, X PO
1198~ 7E @9 a0 ROR  $6089,X <L
119~ 88 . DEY

119C~- DO F3 ENE  $1171 Q4
119~ €A DEX

119F~ DO EE BNE  $118F " gl K
11A1- 20 20 12 ISR $1220 div-by#sends" !
11A4- EA NOPF —
11AS- Az 0o LDX #4000 screen pointer

11A7~ an 03 LDY #3073 signal index g H L
1189 18 CLC ~{dont need) Ry
11AA-  E9 B2 BC LDA  $RCB2,Y sig. —
11AD~ C% 64 CHE #5364 100

11AF- %0 08 BCC  %11B9

11B1-  FE S& 07 INC  $0756,% 100's screen digit

1104~ 38 SEC

11B5- E7 64 SEC  #H64

1187~  BG F4 ECS  $11AD

11B9- EB INX

11BA~- C9 0A CHE  #30A 10's digit

11EC- %0 08 BCC  $11Co

11BE-  FE 56 07 INC 30756, X

11Ci- I8 SEC

11C2~- E9 0A SEC #30A

11C4~ EO F4 ECS  $11BA

1ice~ EB INX

11C7~ 18 CLC

1168~ 7D S&a 07 ADC  $0756.X

11CE~ %D S& 07 8TA  $0756, X

11CE- EB IHX

1iCF-  EB INY

11D0O- ES ITHX

11Di-  EB INY

11D2- EB INX

1103~  £8 DEY

11D4~ DO D3I BNE %1149

11D6~ A2 0O LDX  #$00

11D8~ A% OF LDA #3303

11DA- 48 FHA

11DE-  AD O3 LDY #3503

11DD- 18 cLe .

11DE-  EBD S& 07 LDA 50758, X

11E1-  BO 04 BCS  $11E7

11E3- C% Al CMF #3A1

11E5~ 50 02 BCC $11E%

11E7- 09 BO ORA  #3E0

11E9~ %D 56 07 5TA  $0756, X

11EC~  EA HOF

11ED- EB INY

11EE~ 88 DEY

11EF- DO ED ENE  $11DE

11F1~ EB8 INX

11FZ-  EB INX

11F3—- EB THX

11F4-  EB INX

11FS—  EA NOF

11F6~ 6B FLA

1iF7- =3 SEC

1iF8~— g 01 SREE BEO1

11FA- DO DE EME  $11DA

11FC— &0 RTS

1200~ DI C% 07 AT Bl ED AG AC "SICHL=BEEBH 2=FBBE# 3= FPp"

1208- A0 RO AZ B2 ED A0 A0 AD

1210- A0 AT BT BD AG AG AD A0

1218- AT B4 BD A0 A0 Ao[FF FF

¥1EDOLLL.
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i NOTE Z.1 \ tent'd

a2 LDX #3083 1,Q comp.
AD 0T LDy #soz  b-ant# Get mean (I+Q) at 3 antennas
ED 81 50 DA  3a081,x Z Iy
85 FI sTA  %F3 1 _divid
BD 87 &0 LDA £46087, X i I (don't have H, byte because of pre-divide)
1 CA DEX
1 7D 89 &0 aDC  se089,X L
1 85 F4 8Ta  $F4 iﬁ@ 5
1 A5 F3 LDA  ®F3 TR al
1 7D Bl &9 ADC  $6081,X L9 ‘*’Q;E;mg FNM_ﬂfuh\
1 0 02 BCO 1 23R ¥ oo 2 _
i A% FF LDA #eFE  overfl.,so Y| /4/ )
1 85 F3 STA  ®F3 clip _
1 AD 91 EC LDA  $ECS1 & by #sends “““\ DT sTeRE GoNG o
1240~ 8% F1 5TA  $F1 —
1242—- BA TXA t
1243~ 48 FHA BeSy
1244 20 60 12 ISR #1260 Begt
1247~ AT FO LDA $FO -
124%- 9% B2 BC STA  $RCB2,v save RX#1 sig,#2,#3 in D/T store
124C- &8 FLA going to C128
124D-  AA TAX
124E~ CA DEX
124F~ 88 DEY
1250~ DO D2 ENE 31224 ,
1322_ Az =0 L.:DA HHZO also save ht# (f==U49Km)
1254 =8 SEC } used for the sig vs. rx stuff
1255~ ED SE 40 SEC  $609E
1258~ 8D 82 EBC 3TA  $ROB2 in D/T store
125E- 20 8D 1z JSR  $1Z8D
125E~ &0 TS .
12460~ a7 oo LDa& REO0
1262 85 Fo 5TA $FO0 DIVIDE
85 F2 sTA  #F2
A2 08 LDX  #308
18 oLe F%(H))ﬁHL) . Fy
&as F1 ROR  3$F1 F1 =
&6 FZ FOR  %F2
e Loa (femainder i F4 )
ES F2 SRC $F2
85 F9 8TA  &FS
A5 F3 LDA  3F3
ES F1 SEC  $F1
R0 04 BOC 31280
85 F3 sTa  &F3
AS F5 LDA  $FS ,
8BS F4 sTA  %F4
24 FO ROL FFO
cA DEX
DO ET ENE  $1268
&0 RTS
( No7e 2.5 1
AD 05 O3 LDA $0T05 S
08 AsL 10 SAVE FINAL SECONDS OF CLOCK
OA ASL
G ASL
OA AsL
0D 04 O3 ORA $0304 S1
8D 8& RO 8TA $BCBE save in D{T store
60 RTS
00 ERF
&3 777
&5 B2 ADC %R ceses OlE stuff.....
3% BZ 3TA SR
AS AS LDA  $A5
25 9R AND  %9E
ha TaY
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PR

o1t 1.§}

1 - 20 10 13 JER $1 310 42 save final clk secs(bed) MEM TEST
1290- Az ?(2) LDX #$§(’) Test various bytes 4000-BFFF
1252~ A% be LDA #*’(:") by load and compare. ‘
1294~ 89 FoO 8TA O
1296~ A% 40 LDA  #$40 $4000-7FFF = "mid" row of 4116's
1298~ 85 F1 5TA ®F1
A FF LDY  #%FF $8000-BFFF = "top" row
Ei FO LDA ($F0), Y (furthest from keybd)
=51 FO EOR (HF0), Y
DO 16 BNE  $17E8 base addr.=U000+(n-1)*FF
78 TYA index=FF,FE,FC,F8,Ff,Ef, Cf, 86,8
0A , ASL
zg oz $g$ #12A7 [ This test is just a test - it is not basecﬂ
" "
1267 BO FI T £1260 on any "inside" knowledge of DRAMS
12A9— A5 FoO LDA FF0O
12AE~ 18 cLc
12A0- &% FF ADC #3FF
12AE~ es Fo 8TA FFO
1280~ 20 02 BCC $12R4
12R2- E&d Fi INC $F1
12B4~ CA DEX
12ES~ DO EX BRNE $132%94
12R7- 60 RTS
17EB— a8 FHA MEM FAULT FOUND!!
12R9- Ao 17 LY #5517
12RE- BR? E7 12 LDA $12E7,Y -
1ZEE- 99 D4 04 S5TA  $05D4,Y display"MEM FAULT:ROW=MID,BIT= " (flashing)
1201~ 88 DEY
12Cc2- DO F7 BNE $12RR
12C4~ 06 F1 ASL sF1 look at highaddr. byte to get chip row
1204~ 0 0OR BCC $12D3 ok, it is the”mid row
12C8- AD O3 LDY #C ,
1Z2CA~ BE? FE (2 LDA $12FE, Y replace "MID" with "TOP" (but the MID row
12CD- 7% EZ 06 STA FOLEZ, Y could still have a fault)
12D0-~ 88 DEY
1201 DO F7 ENE £12CA
132DZ~ an 08 Lpy #3508
12D5- &8 FLA
12Do- 88 DEY display"the" bad bit# (f=leftmost chip in ROW)
12D7- OA ASL
12Db8- . 90 FC BCC  312Ds NOTE:: only the 1st bad bit found is
12DA- o8 TYA displayed
12DB~ 02 70 ORA #5770
120D~ 8D EE 064 STh FO6ER
12E0- 50 RTS
12E8- 4D 45 4D 60 44 41 55 4c
12FO- 54 7A 52 4F 57 7D 4D 49 "MEM FAULT :ROW=MID, BIT=}"
12F8~ 44 &C 42 49 5S4 7D A0 S54 '
1300~ 4F S0[FF FF EF
X1Z200,121F
F% SF LDA FSFFS
Fo AND o Display Comm#l check bytes
SK
18R This is a temporary diagnostic
LER for comm#l errors, but note: if
LER comm#3 error, still displays comm#!l
RO ORA HERO check bytes!!
EQO 07 5TA $07E0 screen addr,
F? 5F LDha FEFFS
OF AND HEOF
BO OrA #ERO
Et o7 85TA FO7E1
F8 5F LDA EFF 8
FO AND #EFO
L&R
LSR
L8R
LSR
RO ORA #$ERO
EZ 07 3TA s07E3screen addr(.last line)
F8 SF LDA $5FFB
OF AND HEOF
BO ORA HERBO
E3 07 5TA S07ES
40 Q% JHF FOF40
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L.DA HPHGO
SE STH SBECF, X

DEX
070~ DO FA BNE 30978
OR7E- 3 CS 8TA 05
0780~ 85 B4 STA FHS6
OeER- A7 (1 LDA #HH01
0784~ 8% BA 5TA 3BA
0984~ A7 21 LDA #4671
788 8% F? 5TA E32d Init. tape drive )
0T8A- AT 09 LDA  #%0% interface, so it \Wom(q')
0780~ 2% FA 537A sFA can be put on line
OF8E~ 20 21 ©7 JER 0721
0791~ EA MOF
DeFR-— Al 20 Loy HE20
o s Inln T S la) oo Eil lnhe 4 el V5
OE1Z~ EA MNOF
OE173~ EA NOF
QE14~ EA NOF
OE15~ EA NOF
OELl6— EA MNOF
DE17- AT 17 LDA #3517 Turn on Tx (for BUZZ during tape dump)
DEL19- 2D 02 .5 AND £CHOZ
OE1C~ 8D 02 Cc5 3TA sCE02
QEL1F~— [=18) ETS
1970- AT 10O LDA #E10 -
1972~ S R& STA $R& >
1574~ 20 07 1F JSR  $1F07 dummy, now T‘G’\”)OMP
1277 - 20 12 0OE JER SOELR Tx on
1576-  EA NOF KTM"S'?"\
1978 A7 00 DA #5500
1970~ BS 1% STA $15
177F~ AT 40 LDA #1340
1981~ B% 1A ETA 1A
17873~ A7 CO LDA #3CO
1985~ 85 1R STa 1R
1287 A7 05 LDA HB04
1985 5 1C STA %1C
198K~ AT D0 LDA #F00
188D- B 1D 8TA £1D
198F- A9 82 LDA #3382 12.5 ips, 9tr (mm,g,’,\
1991~ 8% 1E STA £1E y
1993~ 20 OC C7 JBR  #C70C dump to tape
1594~ A% 1F L.DA $1F status after dump (if ok,no msg)
1998- Do 1cC BNE $17B4
199n— aCc cp 15 JIMF 1507 Status ok, skip resread because Tromso drive
129D~ EA f’}JDP maybe not reliable backspace
1998~ 20 06 C7 JSF FC706 '
19A1- A% Co LDA #3CO
1GAT~ 8% 19 SThH 19
1945- A9 44 LDA #3544
19A/7- 85 1A STA 1A
1949~ 20 00 .7 JBR SC700
15AC~ AT 0D LDAa #$00
19AE~ 85 RS 5TA EFEY
19RO~ AS 1F LDA $1F
1782~ 27 BF AND #HEEBF
19R4- FO 0% BREQ %1 FEF
19B&~ 20 18 1C ISR $iC18 set “problems” msg.
15ES- 20 20 iF JER H1FZ0 inck,"tape err"counter on screen
17BC—- 18 | CLC
1¥ED—~ F0O OZ BCC ®15C32
19RF- 20 EO 1R i JBR $1BEO clear msg
15CZ~ AD 02 S LD FCHOZ
17C5~ 07 08 ORA #3508
15C7~ 80 02 CS STH FO502
12CA~ 50 RTS

“iFo7-  ao RTS  SKip BOT test for Tromsg

1FOB— 2R
1IFO9— c7 227
1FOA— 25 20 AND #4220
1FOC- FO 11 RER $1F1F
1FQE-~ AT IF LDA HE1F
1F10— 438 FHA
1F11- A% 1C LDA #41C
1F12~ 48 FHA
1F14~ 18 CLC
1F15—~ A7 1E LDA #51E
1F17- 48 FHA
1IF18~ A7 C2 LDbA #1302
1F1R~ 4C 21 1C JHF $#1C21
1F1D- 58 FLA
IF1E— &8 FLA
IFIF~ 60 RTS -168-



78

ORED- SEI

OBE1- D8 CLD

DBEZ- 20 80 OR JSR  %OBB0

OBES— A% 7D LDA  #37

OBE7- 8D 8&F EC STA  $HCEF

OBEA- 8D F8 SE 5TAa  $SEFS

OBED- A% 7F LDA  #%7F

OBEF- 8D BE EC. 5Ta  $BCSE

OBFZ- 8D F9 SE STA  4SEFS

OBF&-— A7 08 LDA #308

OBF7- 8D 8D EC 5TA  $ECBD

OBFA- 8D FA SE 5TA  SSEFA

OBFD- 20 DO LE ISR $1EDO

OCOO— EA NOF

OCo1l-  EA NOF

DCOZ-  EA NOF

0OCOZ-  EA NOF

oCo4-  EA NOF SET RG“Q’LEﬂG‘H

OCO5~ | AT 55 LDA #4555 #"sends"  This is liable to be changed
QCO7- gbh 91 RBC 8STA FRCP1 if the amount of integration is
OCOA- BD F& SE STA FHEF 6 changed while the Tx rate is

oCob- 8% EBD 5TA  $ED constant, .

GCOF— AT 00 LDA H#$00 "l

oCil- 8D 90 EC 5TA  $EC90 (w “‘“’-"ﬂ'ﬁl""“’ WTW#’ )

0C81- 8D 820 RC STA  $BCBO

ocs4— | A% D4 LDA #sD4 "T" for Tromso

0C84~ 8D 84 EC STA  3BCBA

QCes— 60 RTS

TEDU= 20 F8 15 JSR £19FB KE 2

1EDI-  AD 59 CO LDA  %COS59 — pa ; y - o T 5
LEDa— ° na LDA #9504 Paek oNLY \JM_' (ymk ,1‘11\ - (‘4 "‘“ ’M
1ED8- 48 FHA

1EDS-  AD DA OF Lba  zo3z0a Y

1EDE- oA As to

1EDD-  0OA ASL

1EDE-  0A ASL

1EDF- oA ASL

1EEO- 0D 09 03 ORa  sozos M

1EEZ~  C5 00 CHF  $%00 e, 6ch ué. &.'i " , 3 @j oK
1EES- 50 18 BCC  $1EFD 1 BeTwW “ e

1EE7— | C% 24 CHMF  #$24 TEST wherter. fie N *" Lok 18
1EES—  EO 17 BCS  $1iEFD

1EEE-  AD 58 CO  LDA  %COSE ~—PARR odLY \c&wjpjsﬁnd.@)

1EEE- 20 17 OE ISR SOEL7 .- TX gu

1EFi—- a0 05 LDY  #$05 [

1EFZ- 20 A8 FC ISR $FCAB + 2

1EF6— 88 DEY tne w’fﬁ"j %

1EF7~ DO FaA BME  $1EF3

LEFG— 4B FLA , el
1EFA- | A9 18 LDA #3189 24 pulse integration [ Ff houe befomen’s 834" )
1EFC~ 4B FHA

1EFD- 4B FLA

1EFE- 8D 92 EBC STA  $ECTZ

1IFO1—- 8D F7 5 STA  $5EF7

1FQ4—~ L0 _RT8
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CIZY NOEs & IMesxTavT Lo CaTrop/f -

10 REM-C123 COH-RTW PMFCA, JAN24,1992,VERSION 15J'-3A ROBSART

20 BANKO:FAST:DEFFNS(T)=S6N(T<0)-SEN(T>=0) :REM-NB C122 LDG. TRUE=-1 1)

25 TT=D:I=0:J=0:IA=0:IC=D:X=0:Y=O=MR=O:MI=0:SO=O:SI=O:SZ=O:N=0:K=O:NN=O

20 DIMC(3,32) ,M(3) ,MX(3,2),T(3,2),R(3,2) ,DX(14) ,MNC2, 37 ,V(3)

40 DIMMZ¥(18),ME(4,2) ,NM(4) ,ARC1OT,ATC1O) —
S0_EEM-ANT PAIR DIR 2=>1,3=32,1=>3

¢0]D=202. Nt F=57. 29578 {P1=210/F: F2=—80/P :Fa=20/F: FZ=1.5708: TT=254 : TU=TT*TT

7O TV=TU~1:TW=TU/2~1 AuTesie Po SPACING \m) Y

20 D2=0xD:X1=0=C0S(P1) :X2=D*SINCP1) : XI=0%C0S (F2) pM@WA,PM,(JULJqu CEe 4 695,9)
PO KA=D=ZIN(F2) 1 X5=0%C03 (F3) 1 X4=D=SINCFD)

100 U1=C0S{2%P1) tU2=C0S (2x%F2) 1US=C0S (2xP3)

110 V1=SIN(2%F1) 1V2=SIN(2%P2) 1VI=5IN(2=P2)

120 (T8=, 558k C0=.5:L%=. 1:CY=0.00:FC=100%135/360/2/TS At
130 GOSUBZZ30:REM-LOAD MACH LANG,SET MEM LMTS

135 BOSUBSS00:REM-POKE_PTR_FROG .

127 TRAP4000:REM-ACDR FOR_ERROR HANDL ) [ No7E 3. 1)

140 REM=. s eevvrcnsranansss «START PROCESSTNG. . e svenneenss

144 FRINT'WAITING FOR DATA....":X=lSRCY)

145 IFPEEK(37952)=128THENX=1/0

145 IFPEEK(S2353) <>00RPEEK (523521 <2SSTHENK=1/0 No£ 3T
150 TI$="000000" : IC=52288: IA=40000: I0=55152; [G=52320: IV=52252 TNR=NR+)
140 PEM-REAN N/T .

1990 ME(I%'1)=ME(I%.1)+VT§Q1/10:ME(I%,2)=MEEI%;Eﬁ#VT*QE/lO:NM(I%§=NM(I%)+1
2000 ERX=IS+IR%4+IX¥22:POKEID-24 ,ERY

2010 K=I10-12:POKEK ,NT:POKEK~1,RL

2020 IC=IC-384:IA=1A~4d:10=10~24 :NEXTIH

2030 PRINT"ACCUM DIV-BY-0="NE:50T0140

2040 REM=...vaniiencnnnsanaa . FRINT 9 KM HRLY MEANS. .o iviinnnnen

2045 SYS’V496

2030 IFHR¥<>8THENZ100

2060 PRINT™ DAYHR! &4~70KM 1| 73-79KM | S2-20KM 17, .
28?0 SRImT' 21-97KM 1 100~106KM | 109-115KM 1+ " “
2020 PRINT[ FOBSRT) # N E ' # N E | & N E !"; T¢ S
2090 F‘RINTL"‘#"'“‘N'J El 4 N El#% N E I’ Lo s
2100 DH=LD%*100+LH%:IFDH)????THENPRINTSTR$CDH);:GDTOEiBO

2110 IFDHZP99THENFRINT® " ;STR$(DH) ; :30TOZ180
2120 PRINT® " 3STRE(DH) §
2130 FORK=1T06 kK= (K~1)%3+1 s MZ% (KK)=NMCK)

AN TOMMIV ANATHENMSt 20

2270 PRINT® " {STR$(MZX (K)) 5 180702200
2280 PRINT® " ;STRE(MZ¥(K));:50TO2300

2290 PRINTSTRE (MZ%(K)) 3

2300 NEXTK 2308 T¢ HR% =8 THeo Pt PR.NT "4Re ) bAY:“fo’jiNR=O \/VO/('Z 3.2\
2310 PRINTISYS37752

2320 LD¥=DY'%:LH¥=HR%:RETURN

EE I P WY i L I R 3 W PR

4000 REM-ERROR HANDLING

4010 SYS2PATA:FRINTOYE® "HRY® “MN%"!"ERR$(ER):;EL;" DROFP REC®
4030 SYS37738:TI$="000000" :FORK=52384TOSS247 : FOKEL, O t NEXTH ¥ MYTE 3.|'
4030 IFTI{VY200THENAOS0:REM~WAIT 2 MIN

4035 PDKESZ2352,2351POKES2352,0

4060 RESUME 144
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'IA NOTIpAES

Section V.: Pertinent extracts from 1979 RTW report. [page 2192433

Includes derivation of the required correction to correlation values for
the use of bit amplitudes, and derivation of the FPMFCaA analysis. This system
used signal MAGNITUDES (i.e. non-coherent receiver), but most of the
material applies directly to the COHRTW system. Also a 4507 m&chine language
reference chart is appended.

APPENDIX B
Theory of binary correlation

1. Calculation of correlation coefficient from number of 1-matches

2. Correction to binary correlation (Gaussian amplitude distribution)
3. Effect of overloading on correction function (Gaussian)

4. Test of correction function on Rayleigh distributed data,

5. Further comments on the binary method

APPENDIX C
Pet program details
1. Description of Pet analysis
2. Correction to time delays for antenna cycling
3. Weighted least Squares fit to tipe delays
4. Poor Man's Full Correlation Analysis (PMFCA)

6502Machinelanggage chart



56.

*¥%%%%¥% Reprinted from 1979 RTW System Report — **¥¥xx¥x¥

APPENDIX B

Theory of binary correlation

1, Calculation of correlation coefficient from'number of l-matches

2, QCorrection to binary correlation (Gaussian amplitude distribution)
3, BEffect of overloading on correction function (Gaussian)

4, Test of correction function on Rayleigh distributed data

5

. [Murther comments on the binary method
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1, Calculation of correlation from # 1-matches

The correlation coefficient is defined by:

- X

T S N
JZ-325(#-73

where x and y are elements of the same (auto correlation) or different (cross

< |

N

correlation) fading sequences, and there may be some lag between X and ¥y

measurements.

l X |

[ v B non-zero lag

X
Y

Figo 1 -

zero lag

If the elements x and y are binary (i.e. O or 1), then Zxy
is given diféctly by the results of the 'AND' operation; and so
Xy = (# 1-matches)/(N- L), where N is the total number of samples in a sequence
and 1 1is the lag. Also X = % x/N, where % x 1s the number of ones in the
sequence ; and ;2 = )Zx?/N, where E:xz is again the number of ones (since x can
only be 0 or 1) . The number of 1's could be counted in each sequence separately,
however, since the fading should be statistically +the same at each antenna, the
sum of the #l-matches from the zero lag auto correlation calculations can be used
to estimate the 'average' number of 1's in a sequence. For various reasons this
sum has only be calculated over the three outer antennas (#1,2,3). Since the
amplitude distribution is usually skewed towards low amplitudes (Rayleigh
type), the number of 1's is usually < 4N, Thus, if a, is the number of

1-matches ( ¥ xy), and a, is the number of 1's in any sequence (J.x), the

correlation coefficient is:

2
ao a,1
S U
E a az
o
N N



This is the correlation between binary sequences, and must be corrected as
explained below, to estimate the correlation which would have been obtained

with the original sequences.

2. Correction to binary correlation

As will be shown below, the expectation value of correlation between two
amplitude sequences which have been éonverted to binary with respect tobtheir
means is lower than that which would have been found between the original
sequences., Thus some sort of correction is required. The derivation of this
correction function closely follows that of Weinreb(1963). A basic assumption
is that the amplitudes have an approximately Gaussian (i.e. Normal) distris
bution., This is not generally true in practice - usually the distribution is
closer to a Rayleigh - however, it makes the problem solvable. The binary
correlation, as employed in the present analysis, counts the number of times
that both X and Y amplitudes are greater than their means. The probability of
this event will be derived next.

Assume that X and Y are taken from a Normal distribution with zero mean
and unit s.d. Then the joint probability density function for X and Y is

(e.g. Hald, 1952):

R S G S 2
£(x,¥) m xp{ 2(1_{?2)( 2Pxy +y )}

where F is the correlation coefficient between X and Y. Thus the probability
of finding X between x and x+dx and Y between y and y+dy simultaneously is
f(x,y)dxdy. The probability of finding X and Y both greater than their means

is then:

(=] o0
P(X>0,Y50) = g g f(x,y)dydx
x=0 7 y=0

If polar coordinates are used (x=r cosé , y=r sin® ) the integral is reduced to

-2 22~
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: ) 1 f% [w {-rz(i—f’sin 26)}
P(X>0, Y>0) = - e rdrd
’ ZT!‘:;i-fz 6=0/ =0 = 2(1-f’2) 6

2

A further change of variable ¥ =r”, 4§ =2rdr, and integration of the

inner integral leaves:

T

2 —

P(X>0, Y>0) =——E—“1"j 2 1 de
2 8

! =0 (1-fsin 26) \ ~-rdrdé
Then let % =286 : \\\
P(X50, Y>0) “—-—fz—_/ : ot > \\6 N\

> 1- fsine(d

& g

Fig. 1

-

" T
tan-L tamy - P 3
o Y2

Ji-f‘z =0

(This last integral is taken from math tables). The identity

-1 -1,y _ . -1, a-b
tan (a)- tan " (b) = tan " ( ——1_ab)
is used to obtain: '
P(X>0, Y>0) = —-tan‘lﬁ—_tg—

Now P(X>0,Y>0) must be related to the correlation of the binary sequences

X' and Y', These are defined by:

X':
X' =1 if X0 Y' = 1 if Y>0 0 ] 1 |tot.
X' =0 4if X0 Y' = 0 if Y<0 v=ola|c|%
Figure 2 shows the joint probability function of X',Y'. 11bld]|3
Here 4 = P(X>0, ¥>0). Since a Gaussian distribution tot. % '%
has been assumed, the marginal probabilities are Flig. 2
P(X>0)=P(X<0)=P(¥>0)=P(¥40)= 4. (It is easy to show that a=d and b=c).
The cross correlation between X' and Y' is then:
f’/=i.—'_—_ﬁ"‘7—7 Ok = 4d-1

2 g2 [P B - @@ - 3P
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This: 3
. -1/ 1+
¢ =g tan , T:Fr -1

This can be re-arranged to give

A (Y
= sin 3
F 2

This then is the correction function which must be applied to the result of

correlating the binary representations of sequences in order to estimate

the actual correlation between the original sequences,.

3. Effect of overloading on the correlation correction
It is of interest to inquire whether receiver overloading will affect
the correction function. This may also indicate whether less major recelver
non-linearity will affect the results.
The receiver output for an input éignal causing overloading will be assumed

to be the maximum output value. It can be seen (Fig. 1)

that K, the mean amplitude, is less than the actual mean ﬁﬁﬁ;ﬁi
of the Gaussian, Thus the binary sequence will have more E

ones than zeroes, and thus a mean > 3. Alternatively ; 1
non-linearity of the type shown in Fig.2 will skew Fig. 1 o

the distribution towards low amplitudes (assuming

no overloading occurs) resulting in a mean < %.

E

Such skewing occurs naturally in a Rayleigh distri-
Receiver
calibration

Rx output

bution, and a later section will try to answer the

present question in this case. fox ingu
. Fig, 2
Here, the procedure is to choose a value, € ,
and find P(X>€, Y>¢) for various values of f? (the actual correlation). € is

negative in the case of overloading. Fig. 3 shows contours of f(x,y) for

f = +ve, 0, and -ve; and the region (shaded) which must be integrated over
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to find P(X>€, Y>€ ).

p>0

contoura of
£(x,y)

Fig. -3

It is assumed that the Gaussians (for X and Y) have zero mean and unit
s.d. as before (there is no loss of generality in this assumption). Thus the

mean of the binary sequences, m, is the area of the normal curve (from statisti-

cal tables) above € (see Fig. 4), and the binary fix), f(y)

. . !
correlation is:

¢ P(Xre,Yv€) - nf /
f Px>me(1:) '/// /I

B 9
) -]

where: P = S g f(x,y)dydx. Unfortunately Fig, U
x=e/y=¢

when € 74 0 the integral does not reduce to a simple solution, and has been

performed numerically here (The 1

upper limits used were x=y=8,
so the P values will be slight-
1y low). Values of € between I1

sinT ('
were used; however, instead of inz P

1

{ 'm=0.21

. . . ; : 0.5
quoting € , m is given since it m=0.84

is directly available in the

experimental situation. Fig. 5
. T o

shows a plot of f’ vs. sin 7 f

for -+ve (’ and several values

of m. The difference between _ 0 0.5

the ideal and qverloaded data Fig. 5 '
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(m=0.84) is seen to be almost negligible, and not worth correcting for,
In practice, however, overloading may have serious effects on the
correlation if, as is done here, the sequences are assumed to be statisti-

cally equivalent (i.e. equal m). This problem will be discussed in Section 5.

L, Test with a Rayleigh distribution
In order to see whether the correction function works when the data

are Rayleigh distributed, pairs of sequences X and Y were constructed as follows:

~ 2 2
Xi—/(a.i+Kei) +(bi+Kfi)

_ 2 2'
Y, —/(ci-i—Kei) + (di+Kfi)

where a,, b,, etc. are independent : T
random values taken from a Gaussian "

distribution. This definition results

[\H]
in a non-zero expected correlation § 20F
between X and Y while leaving them 2
(&
(=]
Rayleigh distributed. The expecta- o
° 10f

tion value of correlation depends on

K, which has been chosen to be 2 for L}_l_—

this test. 200 pairs of sequences 0 1

P/sinTp’
(100 points each) were set up and [ T
correlated before and after conversion
té binary (with respect to the mean). §
Histograms of the ratio of the actual E 20r
to corrected binary correlations , and §
the actual correlations are shown in - 10+
Fig. 1. Although there is some spread
in the corrected values, there is no . _1—1
0 0.5 p

bias away from a ratio of 1. Thus the
Fig. 1
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same correction function should work for Rayleigh distributed data as well.

5. Further comments on binary correlation

a) The binary correlation, ID I y has been defined as:

! P,.-m
"

1 m(i—m)

where m is the 'average' mean of the binary sequences over all antennas (in

practice Just #1,2,3). This is not a strictly correct definition; it should be

/O' . P 337 m.lmj
Y [my(tmdm(2-m,)
where /0 ;.j is the correlation between binary sequences from antenna i and j; how-
ever, if }Dl_is not very sensitive to changes in m, the first definition should
be sufficient since all antennas should see similar amplitude distributions (and
therefore similar values of m). A plot of f ’ (and JD = sing-f‘ ) versus P

and m is shown in Fig., 1.

0 #1's 64N
1.0 T T T T U ¥ ¥ T 610(N"1)
l_ P - m2 o -7 ,/’I/'
- Cmam) =1 o / 1
ein T o e v
P=sin 5 f 2 =02/ ]
,/ Y/ l/
4 1 .
- / z=1
/, ’/ ( //
R ’ / < #
’ /
P / ! / 1-matches
0.51 ,/ / / A
/ / !
/ / / 4
L , , /
’ / !
L / / / 4
/ / /
LS AR, P=0 +/~f=-1 -
’ 7/ /
/ y p
L/ Ve /, 7
/ ’
/A
1 3 Fl 1 1 1 i 0
0 0 0.5 1.0
m
Fig., 1
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Note that P cannot be >m since the # l-matches cannot be greater than the
number of 1's in any sequence; also, if m>0,5, P must be > 2m2-m, because
if both sequences are more than half 1's, there must be some 1-matches,

For reasonably Gaussian data (or any data with a symmetrical distribution)
m ?O. 5, and F I is relatively insensitive to small errors in m. However, if there
is serious overloading, m will generally increase and Fig. 1 shows that ‘0'
becomes mo.;r:e sensitive to errors in m (and to errors in P for that matter,
although P is a strictly correct value and will only have errors in a statis-
tical sense). If, in addition, the amplitude distributions at different antennas
are not strictly the same +then the small error caused by the use of m rather
than mi,mj may move-the whole correlation curve up or down (with only small .
changes‘in shape) depending on whether m is less or greater than mimj. This
shifting is seen quite often in badly overloaded data (Fig. 2) although a

direct connection to differences in I » mj etc, has not been proven as jet.

N .
", e
RERIEPE

Rasa Aute Correlstisn

m
— 077
——— 073
e 0,88
—— .69

bt

169Km
112Km
115Km
121 Km



65.

In a computor simulation of the binary correlation process on real data,which
used separate sequence means, this problem didn®t occur at all. On a separate
point, if m, and my are different but m is used to find fl, then values > 1
or < -1 are possible; however, the correction through the sin function will
reduce the limits to i1,

Other information which can be deduced from Fig, 1 is the expected
resolution in ?l( or f ); how likely are exactly equal adjacent values of

f (see the discussion in Appendix G, Section 1, pg.69 on locating peaks
in cross correlations). The number of 1-matches is given by P(N- 1), and the
number of 1°s by mN (where N is the number of points in a sequence and { is
the lag - since L<< N, it may be ignored), For example if N=512 (8
blocks/record ) and m=0.5, there are 256 possible values of correlation
which gives an average resolution of-0.008 in PI . If n=0.8 (i.e. bad over-
loading), there are 154 values, giving an average resolution of 0,14,

The conclusion is that overloading (or any other receiver non-linearity
which causes amplitude distributions to be skewed towards high values) is
quite serious, and should be avoided if at all possible., On the other hand
skewing the distribution in the other direction (i.e. low m) is quite tolerable,
and perhaps desirable, since F becomes less sensitive to m here; and it has
already been shown that the sinj%f, correction works on at least one
distribution of this type (i.e. Rayleigh).

If, as has been postulated, the sensitivity of e‘ to m is the cause
of the trouble shown in Fig. 2, then a solution which tolerates overloading
would be to use individual means m, instead of the average mean m in the
calculation of El . From the point of view of the Apple program, the auto
correlation routine (ACOR) would have to be modified to operate on all four
antennas, and the zero lag values would have to be accumulated separately

for each antemma. This appears to be feasible from an execution time stand-
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point and would not require major modifications to the program.

b) It has been noticed by simulating the binary correlation on raw data
from the previous wind system, that the correlation correction seems to work
well below - 80 Km, but results in an average reduction in peak values of
«~1,5-2 below the normal (non-binary calculation) correlation peaks above

«~ 80 Km, Presumably this has something to do with a change in amplitude

distribution - possibly related to the effect of meteor trails at these heights.,

Investigation proceeds...
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"APPENDIX C

Pet program details

1. Description of Pet analysis

2. Correction to time delays for antenna cycling
3. Weighted least squares fit to time delays

4, Poor man's full correlation analysis (PMFCA)
5 Maohino-] 3 g
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1. Pet analysis
The input to the Pet computer is the number of 1-matches at each of 32 lags
(-16 to +15) for the three cross correlations (cij; 1=1,32, j=i,3) and the sum
(over three antennas) of the number of 1-matches for 16 lags (0 to 15) for the
auto correlation (Ai; i=0,15). The convsrsion of thess values to correct corre-
lation values has been described in Appendix B (pg. 277 and the relevant equations

are repeated below,

ij _ m?
Y .
where: P = = (cross correlation)
m(1-m)
- AN -
: =
or: f L S (auto correlation)
m(1-m)

where ai=Ai/3, m=ao/N, N= # points in each fading sequence (i.e. N = number of
blocks per record times 64), and I is the absolute value of the lag. Here f' is
the actual correlation value for the binary sequences and f’ is the corrected
value. In the Pet analysis usually fy is used in place of f until an accurate
value is required, since time is at‘a premium.

The program ( RTW Report pg. 79 ) falls into nine ssctions, which are
described below.,
a) Initialization

D is the antenna spacing (assumed equal for all antenna pairs); P1,P2,P3
are the directions of the antenna pairs Lv3 (in the sense 4 to 3 since tUB is
being used), 4v2, and 4vi. TS is the sample spacing at any antenna ( = the lag
step), CC is the rejection limit on the auto correlation (see (c) ); LX is the
rejection limit for peaks in the cross correlation, and CY is used in the cycling
correction (see section 2, Pg.236 ). Since the Pet is a BASIC machine, the

machine language subroutine used to communicate with the Appie must be loaded
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from BASIC. It is placed in Tape Buffer #2, and a listing is given in Section 5

b) Data input

The locations of the incoming and outgoing data are shown in Section 6
(+ ). The data ( which apply to a single height) are read from these
locations and put in the apprqpriate matrices. |
¢) Fast fading test and definition of one point in the mean auto correlation

P is calculated for increasing lag (1 to 5) until it is less than CC,

It f < CC at the first lag, the record is rejected for fast fading (i.e. noise).
It F gf(ﬂl , its value at the last tested lag is saved for future use in the PMFCA .
Otherwise linear interpolation is used to find the exact time for f) to fall to
CC, Under the Gaussian assumptian this point defines the auto correlation function.
d) Limited lag

This section tries to define a more limited lag (< 16) for the peak search
in the cross correlations as described by Meek (1978). Successful definition
requires that all cross correlations at zero lag be greater than zero, This is
checked by examining just the numerator of P' . At present the nominal zero
lag values (not corrected for cycling) are used, otherwise interpolation to find
the correlation value at true zero lag would be required.

The main purpose of this attempt is to avoid spurious peaks in the cross
correlations, not to save time.
e) Peak location

A search is made for the two greatest local maxima in each cross correlation,
and their index positions saved. Because of the binary nature of the correlated
sequences, the possibility of exactly equal ad jacent values at a peak cammot be
ignored, especially if the number of blocks/record is small, The present analysis

identifies the first such value, from -ve lag, as the peak., Fig. 1 illustrates
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two undesirable situations which could f P

occur. The present resolution (8 /)__/l\\\\\ |
blocks/record) is about 0.008 (see - : —’7///—_ ~
Appendix B, Section 5, pg. 63 for ° s

further comments) and so exactly equal
values are not very likely.
f) Peak selection

Here accurate values of e'max and tmax for each peak are found by a para-
bolic fit around the index positions found in e). Then E'max is corrected to
get Pmax and the tmax are corrected for cycling (see section 2, pg. 71 ). If there
is a resulting peak value less than LX it is discarded, If after this process
there is a sequence without peaks, the record is rejected., The number of peaks is
further reduced by comparing primary and secondary (if any) peaks in each sequence.
If fprl/f)sec > 1.8, then ‘f coc 1S discarded. |

At this point there are only one or two peaks left in each sequence., If
there is only one significant peak left in each cross correlation sequence, the
NTD must be less than 0.3 for the calculation to continue; if two significant peaks
in one cross correlationand one in each of the others, then one of the two com-
binations of peaks must have an NTD < 0,2 or the data are rejected; if two
significant peaks in two or more cross correlations, then the calculation
continues only if the NTD of the greatest peaks is less than 0.1 . If the data
have not been rejected, the result is three time delays and three maxtmum
correlation values,
g) Least squares fit to times

Since seven measured values are available to determine six FCA parameters,
there is one degree of freedom., The derivation of the PMFCA (Section 4, pg.73 )

has assumed that the NTD=0 (as it must be if the assumptions for FCA are
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satisfied), To make NTD=0 a weighted least squares fit (see Section 3, pg.72 )
of an apparent velocity vector to the time delays is made, which is then translated
back into time delays. Since the peaks were chosen on the basis of low NTD, the
resulting time delays will be shifted only slightly from therriginalsu The orig-
inal leax values are retained.
h) PMFCA

The PMFCA method is based on the Gaussian correlation assumption (e.g.
Fedor,1967). Under this assumption it can be shown that the widths of the auto and.
all cross correlation peaks (e.g. at half the peak value) are equal (Meek,1978).
Thus the width of the auto correlation theoretically defines all the widths -
and is used for this purpose since it is better defined under experimental
conditions than the widths of the cross correlatiQn peaks, The remaining un-
knowns, for a complete definition of the correlation function (and thus the
pattern parameters, velocity etc.),are the magnitudes of the three cross corre-
lation peaks, and two of the time delays (the third being defined by NTD=0). The
solution for the FCA parameters in terms of these measured values is derived in
Section 4 (pg.73 ).
i) Output

Here the output variablesare put into the 16 specified memory locations
which the machine language routine sends back to the Apple, If there is no

solution, the bytes reserved for FCA parameters are zeroed.,

2. Cycling correction
Since all antennas are not sampled simultaneously, "0 lag" is only a
nominal term in the Apple program, and a correction to the time lag (e.g. for
maximum cross correlation) is required, Fig. 1 (below) shows the transfer of a
particular correlation value to the Pet. The antenna cycling is in the order

#1,2,3,4 at a rate of 7.5 Hz (,133 sec between antennas). Now suppose there is
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Apple:binary [ 3 l
a peak in the 4v3 cross correlation (1sg -16 11lus.) I 2 ]

exactly at zero lag (nominal). Since

/E

antenna #3 is sampled 0,133 sec before

Apples Autok [
Croses,stors 2

32x2-bytes |

#,, this means that the 'event' must

have occurred in #3 and moved to #4 Pot:(C(1,1),
I=1,32 contains L 32 elements J

in 0.133 sec (although nominally 4e3 ) /e 0ag +ve
c(1,1)  I=1,32 —

they occur simultaneously)- i.e. the
pattern moves from #3 to #4. Thus if Fig. 1
té@ (the time taken for the pattern to move from #3 to #4) is the nominal value,

the corrected value is:

tjh = téu + 0,133 sec ,
similarly: t24 = téq + 2x0.133 sec,
and: t14 = iu + 3x0,133 sec .
But, by the definition of negative lag in the sketch, we are actually measuring
tﬁ3 etc., (not téu) - since a peak at negative lag indicates that the 'event'
happened in #3 Dbefore #4, Therefore, since t&B = - té@ , the required correction

is:
t43 = t&B - 0,133 sec etc.

3., Weighted least squares fit to times
If the antenna pairs are defined by (di,\Pi), where the time delay ti
(given by the position of the maximum in the cross correlation) is takeh to be
positive if it indicates pattern motion in the direction \Pi; then the delays

for a particular apparent velocity (Va, ¢a) are given by:

t

Il

di
i v cos('\{)i _(pa)

a

cos ¢a sin ¢a.
T (dicos\Pi) + T (d131n\¥i) .

I
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bt - 7 "] i ]
cos ¢a ty 'dlcos\;)1 d,siny,
V . [ ] .
B a . . .
= [] Y= . ] X= L] . .
sin ¢a o . .
i Va . i tn_ Ldncosq)n dnsin\pn;

and let Pi.be the peak values of cross correlation (at delay ti). (Usually
there will be only n=3 pairs of antennas involved).Then the solution for a

least squares fit of apparent velocity to time delays is (e.g. Hoel et al,,1971
Ch. 4):

P - fx)ixly
This solution minimizes the squared error in the time delays, which is
Te? = (xp- 1) (xB-1).

If X and Y are modified according to:

*35 7 %3 01
vy =93Py
before solving for p , the squared error in time delays is effectively weighted

by P? « Thus the final apparent velocity vector will agree best with the time
delay corresponding to the highest cross correlation value, and this delay will

be modified the .least when the apparent velocity is translated back into time

delays.

L, DPoor man's FCA
This section derives a set of equations for determining FCA parameters from
just the positions, tmaxi’ and the values-of.the.max1ma, enwxi’ in the three

cross correlations, and one point, (t_, ea)’ from the mean auto correlation.

The assumptions are that the correlation function is Gaussian, and the NTD=O0,
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Fig. 1 describes the general
antenna arrangement. The direction
given to each pair defines tbe sign
of tmaxi; i.e. a pattern moving in
the direction of the arrow éives a
positivé delay.

The auto correlation is given

Antenna drray
Pig. 1

ees(2)

e e(3)

ons(lt)

by
2 2
- i -6 2
e(0,0,t)=exp _%[VZ( cos (d’z 9)+Sn(¢2 J)_,.i_z:‘t oo (1)
a b c
Let
Q= V2 coszﬁb—- 6) + sinz((b- 8) + L .
2 2 2
a b c
Then £(0,0,4) = exp (%),
and @ can be found from one point on the auto correlation:
o - -21n Qa )
tZ
a

The cross correlations are given by:

) (dicos(\})i—- 8 )-Vcos( ¢— 2] )’c,)2
e(di’\?i't) = exp |-z az

+(disin('\\5 4 ©)-Vsin( ¢-6 )£)?

b2
LB
2
c
where the antenna pair and direction N
B §
are defined by di and '\4).l as shown in — 6./
-0
Fig, 1. The other parameters are the Ay
axes of the characteristic ellipse(a,b),

the characteristic time (c), the true
velocity (V), the tilt angle (8 ) of

the ellipse, and the drift direction
Fig. 2
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spatisl correl.

(r-o.éx)
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(d)). These are shown in Fig. 2.

Then for the ith antenna pair, tmaxi is found by setting the derivative of

(5) equal to zero.

.Yy cos( - 6 )cos(y,-6) . sin(@ -6 )sin(y,-6) L (6)
maxy Q a.2 bZ
This is substituted into (4) +to get Pmax. :
i
2 .2
o | cos (’\pife) sin ('\pi—é) 5
—2in ()maxi =d; 2 o 2 = Q’tmaxi 00 (7)
a b ‘
Now define 2
-21n ()maxi * thaxi
T a2
i
2 .2 2
) r%bz (cos (wl—e) T osin (’\"’:‘L-’e)r +++(8)

where r = a/b, and let m, . = m,-m,.
i3 1 )

Then the solution for the pattern parameters is:

san(28) = m320032'\1)1 + m1300s2 'q)z + m21cosz\\)3
._(mBZSinZ'\.\J1 + m13sir12'\#2 + m,,sin2 \\}3) \
2 N mlcosz('\\)z— 8) —mzcosz('\yi— 9)
1-r2 m21 > ---(9)
3L 1]
2 2
2o2ls R X /
mytm g
The drift velocity is found from equation (6) for i=1,2,
t,d -8) - t,d,cos(W,-8) [+2
tan(¢—6) = ?C?S(Iwz ; tzdi .Séwl 9? P‘?: «eo(10)
t,d,sin(Y,-6) - tydysin(Y,- K
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v = et (11)
‘ 4 [cos(¢—9 )cos(’\\)i—e ) sin(Q-0 )sin(”%—@)] tee
1 2 * 2
a b
where t, = t . Then ¢ is found from equation (1):
i maxyi
1
c 0-1(12)
Q- VZ[cosz(QS—e) + sin2(¢— 6)]
az b2

If az, bz, or c2 is negative, the FCA solution must be rejected as physically
impossible,
Table 1 gives an example for testing the programmed solution. Note that the

quoted V (drift) is the pattern velocity (from eqn. 11) divided by 2.

Table 1.

. . a0 0 A _aanO
antenna parameters: d1=d2—d3——156m, ’\\)1—210 , W2—9O , '\1)3——330

input data solution
ta=1.066 sec Q = 0.53
- a = 97.4m
Pa—-O.?LL b = 56.8m
t =-2,05s,2.84s8,-,79s 6= 158
maxy o ooreeTTRee \(;5= 1666m/s (drift)
- = 90
?rnatx-l—o"i%0’25’0'31 c = 2.2s
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