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ERRATA (JUNE 1979)

During the second printing of this report, the opportunity has
been taken to correct some minor errors in the text. Additional

modifications which could not be easily implemented are listed below.

CH.2(Pg.5)
Reference should have been made to G.J.Fraser (PhD thesis,
1965, Univ, of Canterbury, N.Z.) who appears to have been
the first to apply the binary correlation method to drift’

analysis.

CH.3(Pg.8)
The gate separation of 2Qusec. corresponds to a free space
sampling separation of 3Km.
(Pg.11,last paragraph)

P.I.A. is later used as an abbreviation for peripheral

interface adaptor.

APP A(Pg,40)
The first statement in interrupt should have been LDA $45
since there is some internal processing which stores the
accumulator in $45 before the program jumps to the interrupt

address., In the present program this omission is unimportant.

APP.B(Pg.62,1line 4)
Insert "when they are not" after “(i.e. equal in)"
APP,D(Pg.82)

The delay parameter (CLKIN) given in the program actually

covers the clocking in of 65 height gates.
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I. Introduction

The measurement of winds in the mesosphere by partially‘reflected radio
waves consists. in estimating the velocity of the ground amplitude pattern,
which itself may be varying internally in time and have 'non-uniform' structure.
Although there has been some argument in the past over the relation of this
pattern velocity to the actual neutral drift, it is usually taken to be twice the
drift velocity. The patternvis sample at at least three non—coligear ground
locations (antennas) and at heights (given by the delay from the transmitted pulse)
in the range «60-120 Km. A simple estimate of velocity, called apparent vel-
ocity, can be made by examining fading sequences at different antennas for sim-
jlar features, and measuring their delay between antennas; or by calculating
the cross correlations between fading sequences and looking for the lag at

which there is maximum correlation (Fig., 1). This is a good estimate of the

antenna
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L4 2 ' fade
method
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pattern velocity if the pattern, considered on the average over the record length,
is statistically the same in all directions, and does not vary internally as it
moves.

There is no way of testing for these conditions with just the time delays
between antennas found above. It can be shown (Phillips and Spencer,1955) that
if the pattern has a preferred direction of elongation not L to the drift velocity,
the measured apparent velocity has a tendency to be perpendicular to the direction

of elongation and have a magnitude less than the actual drift (as shown in Fig. 2).
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‘ i True vel.
An extreme example of this would be a plane wave - <:::X
. . A Apparent
pattern, vel.

If the pattern changes internally with time,
an additional decrease in correlation with time

delay (lag) between antennas, not related to the
: FI1G. 2

average pattern structure or drift velocity,
shifts the positoon of maximum correlation towards zero lag - thus reducing the

measured delays and increasing the apparent velocity (Fig. 3). This effect

f

oross correlation without internal
l /v// pattern time change
additional drop in correlation with
lag due to internal time change

resultant correlation peak
shifted towards zero lag

lag

F1G.3

usually predominates, so.that the apparent velocity is usually greater than
the 'true' velocity -which has taken account of these possibilities.

The rest of this discussion will be restricted to a three antenna
(usually equilateral triangle) receiving array, or a system which simulates

such an array (Fig. 4). It is fairly obvious

that for a single fading feature, defined by the ™ _ .

time in each of the three fading sequences, the ;;?;5;3 simulates  e—eb
_ sum of the delays (i.e. time differences) be- 2 e

tween antennas must be zero. This is also true FI1G. 4

when correlations are used to find the delays,

assuming that the peaks selected are due to a single pattern motion, and can be
shown to hold in the more general case of preferred directions of elongation
and internal pattern time change (Meek,1978). This provides a valuable criterion
for deciding whether peaks chosen from the cross correlations are the result of

a pattern motion to which the theory applies. In general, if tij represents the



3e

delay between antennas 1 and j (+ve if the pattern moves from i to j) with sep-
L) " . "1 .

aration vector ri,j; then if Z rij = 0, Z:tij=0. (The latter is not restricted

by the shape of the array or the number of antennas). The normalized time

disgrepancy, NTD, will be defined by:

Z [*14]
and has a range 0-1,
Distributions of this parameter can be used to compare the data quality
at different locations - i.e. how often are 'spurious' peaks the largest in the
cross correlations, Since spurious peaks are quite common at our location,

careful examination of the cross correlations is required to maximize data

output while rejecting most of the spurious values. In the present analysis

selection of peaks is based wholly on the NTD, although the widths of the peaks
might also be useful (Meek,1978;Ch.3 ).

There are many reasons for having real time analysis of data., Foremost is
cost, For example, on the present university computer (IBM370), it takes w1 HR
to analyse a days data (  records every 5 min). A high record rate is desirable
in order that tidal components, gravity waves, etc., may be examined. Although

a more suitable computer would probably be cheaper in terms of execution time,
the expense is still prohibitive., Second is storage. At the above rate, a
standard 2000° tape (800BPI, recording the amplitude sequences) lasts about
1% days. Full (or partial) analysis of the data to be stored reduces this
drastically - a factor of - 50 with the present system; i.e. a 2000' tape should
last about 2 months. Third, since the data is being analysed in situ, the results
may be fed back into the system control to change operating parameters, specif-

ically receiver gain, so that data are collected under optimum conditions.




II, Considerations for a micro-computer system

There are: three aspects to be considered; firstly the control of data
gathering, secondly data correlations, and thirdly the calculation of drift
velocities.

a) Control

In order that fading sequences may be correlated (without interpolation),

pulses must be evenly spaced for each receiving antenna. A sample spacing of
«0.5 sec at each antenna is a recommended maximum (. 150m antenna spacing) to
insure that at least one cross correlation peak be far enough away from zero
lag for accurate determination of, for example, NTD, given normally occuring
wind speeds., Since timing is important here, this process should be under

interrupt control by an external synch pulse which also controls the transmitter.

In addition to pulse timing, the signal must be sampled at an accurate and
constant set of time delays. These "height gates" will be required to be at least
as closely spaced as the transmitter pulse width (e.g. 20 msec in our case) to get
the maximum height resolution (any smaller spacing means that adjacent height
samples cannot be considered independent). Since micro-processor instructions take
from u\2~7/Asec, it is rather difficult to put these gates under direct software
control (although the delay to the first height gate, .50 Km, may be).

The standard system, in which raw fading sequences are recorded on magnetic
tape and processed in a large computer, has the whole record (e.g. 300-400
amplitudes per height per anténna) available for analysis. This is impossible in
a micro-computer due to storage limitations, and data must be dealt with in smaller
portions, called blocks here. A block consists of (n amps.)x(m ants.)x(p hts.)
amplitudes. It is easiest to use one byte (0-255) per amplitude.

b) Correlations

These must be done on a ‘'partial'’ basis,i.e. only one or two blocks
available at a time. It is possible to do standard correlations by accumulating

sums, squares, and cross products of amplitudes from two sequential small
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blocks whose minimum length is the maximum lag required; however, multiplication
is very time consuming. For example, a test of this process on a mini-computer
(BASIC) indicated that processing time (for 24 heights) was a factor of w 36 greater
than data collection time.

One solution, and that which is used presently, is to convert each block
to binary with respect to the mean of the particular sequences., Two blocks of
binary (which occupy + the storage of an original block) are saved so that
*partial’® correlations can be accumulated. This is very fast, since a single "AND'
instruction can be used to correlate 8 points. Another advantage of this process

is that short-lived jumps in amplitude (Fig. 1) whose effects are often seen

in the range« 85-100 Km, and are

Amp
probably due to . meteor trails,
only affect a small part of the
whole record. A disadvantage is - t
F16.1
that if there are only a few
scatterers distributed throughout
the record (Fig. 2), the blocks blook
Azp dongth
recorded in between, essentially | | | |
|
noise, will have equal effect ! I | ! !
on the correlations as the blocks ' ' ! L ¢
F16.2

with signal,

Another solution (' average cross correlation') tested was to correlate
each block separately and average (sum) the results., The test gave approximately
the same number of wind values as the method above. Conceptually it seems that
this would give more accurate values if the data were not stationary between
blocks as shown in Fig. 3 (i.e. the mean block amplitude varies significantly).
Tt would also be possible to reject blocks in which there was insufficient

signal (i.e. noise). However, this would be no help at night when the




signal to noise level is low - "atationary®
. . . . . blook
also variable rejection criteria ! mean

an ' ! ‘ I

| |
would probably be required in the py/ 8 ! |
i :; I \

subsequent analysis depending on

the number of blocks finally used "non-stationary®
. !
at a given height. ) | I |

The latter comment raises |

an interesting point- viz, do the

magnitudes of the correlation peaks

depend on the length of the record.

If the peaks are due to a constant pattern motion, then it appears that they
should not be affected. However, spurious high correlation values are more
likely, for statistical reasons, as the number of points correlated is reduced,
Another interesting question involves the effect of block length on the results.
It appears that the block method used constitutes a form of high pass filter

on the raw amplitudes. Further investigation of these points would be worth-
while,

Because storage is limited, blocks must be converted to binary as soon as they
are' taken. In oxder that there not be a gap in the time sequences (although
this is not important for the average cross correlation method), the conversion
must be done between the handling of pulses. The length of time required depends
on the block size. The available time depends on the pulse rate. A large |
block size is important for *stationarity' reasons. As mentioned previously,
choice of pulse rate is restricted by the required sample spacing.

Apart from binary conversion, there is a lot of free time left during
a record which can be used for correlations and other tasks.

¢) Calculation of wind

The determination of drift velocity is a "numerical' rather than

"logical' process, and so is easiest to do in one of the higher computer languages.




This could be done in the same micro-computer, but would require a lot of

time at the end of a record - and a good knowledge of the particular compiler

or interpreter (e.g. BASIC) so that memory locations do not conflict. The

easiest way is to use a second micro-computer to do the nunmerical computations;
this also will allow a faster record rate, since the first computer will not have
to pause for numerical calculations. The method of analysis must be fast, while
still allowing 'quality' testing, and rejection of poor data. The latter task
essentially consists in picking out the ‘proper' peaks in the cross correlations.

After the peaks have been found, there are several methods of analysis available.

One is graphical (Briggs,1968), requiring the determination of crossing points

of correlation curves., Another is a least squares fit to a Gaussian correlation
function (Fedor,1967), which requires the inversion of a 6x6 matrix plus
several other matrix operations. The method finally chosen was derived by
Meek(1978), and is called the Poor man’s full correlation analysis; poor not in the
sense of giving poor results, but in that it requires the minimum amount of input
data to produce a wind value. The graphical analysis is not suitable for our
location because of our often irregularly shaped correlation peaks, and the

least squares fit seems to require too much storage and execution time.




I1II. Brief description of present system and operation
a) Present system
Table 1 1lists the present operating parameters. Fig. 1 is a plan of the
transmitting and receiving arrays. Parallel dipoles in the outer squares are
connected in parallel, The linear N-S mode is used for transmission and

reception,

Table 1,

Transmitter:s power- 40 Kw :
pulse width- 20 psec (variable)
pulse rate- 7.5 Hz
frequency- 2.22 MHz
antenna 1 power beamwidth- »22

Recelver: bandwidth- «75 KHz
Gain- voltage controlled, range -~ 60 dB

o

System: Rx gain control- any of 8 manually set voltages
# blocks/record- 8
block length- 34 sec
#height gates- 64 (32 used)
gate width- 20 m
gate separation- 20 p#sec (programmable)
record rate- every'5 min
sampled height range- «49-142 Km

L
® L:\/'\

?;oo,
[~
/ @ ‘~._/ Malin A=135m
Centre —~
® /7
L i . e e .
T~ Revr, bldg.
South

Recelving array

Transmlitting arroy




Fig. 2 shows a block diagram of the receiving/analysing/recording systen,

YYYY
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Rx <
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| 5O E& 71 (4ncrerental)
CLOCK
(#,M,8)
Fig. 2

b) Interfaces to Apple computer

Three peripheral interface boards are used by the Apple II, These are the
“analogue interface board" (pg. 1u:) which sets the receiver gain for each helght
gate, and samples the recelver output; the " tape interface board" (pg.15)
which controls the 9-track tape recorder and selects antenna relays through the
relay board (pe. 16 ); and the interface board (not shown, but essentially the same
as the tape'interface board) connecting the Apple to the external clock and the

Pet computer. These are plugged into the €700, C500, and C300 peripheral
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interface connectors respectively, on the Apple. The analogue interface is the
most important, and will be described first,
(1) Analogue interface
The circuit diagram is shown on page 14 . The Tx synch pulse (which

also interrupts the Apple through this interface) resets the logic and initializes
a free running counter (IC7, pin 11) which puts out a 20 usec square wave. This
counter, like all others on the board, is driven by the Apple clock (£0, 1 MHz) or
its sub-multiples. The Apple generates a software delay, when interrupted, (w5OKm)

and then loads a 3-bit binary number (variable GSEP) into the Johnson counter

(Ic9). This action enables the Johnson counter Table 2,
to start counting at the next positive trans- Gate separation loaded number
(p sec) ( hex )

ition of IC7-pin 11. It then puts out a string 5 $28

of evenly spaced 1 usec pulses (the separ- 10 $18
ation is determined by the 3-bit number; 15 $3¢
Table 2 shows available values). These pulses :: Z:
control both the A/D converter and the gain 30 $18
control circuitry. When a pulse is received by » ”$y1w~m__

the A/D (IC16), it samples the receiver output (0-10V) through the sample and
hold amplifier (IC15), converts it to binary (8 bits), and stores it in the
8x64-bit shift registers (1IC1-4). When a pulse is received by the gain circuitry,
1t reads a 3-bit number from the 3x64-bit shift registers (1c18,19) which have
been previously loaded by the Apple program, and uses this to select one of 8 preset
voltages through a multiplexer (1Ic21). This voltage is used to control the gain
of the external receiver. Thus the gain is being changed just as the recelver output
is sampled; however, the recelver has a relatively long response time to a gain
change, and so the output is not affected immediately.

As the amplitudes and gains are being clocked in under hardware control, the
Apple program proveds a software delay (which has been determined in advance

for the particular clocking rate used, and is defined by the variable CLKIN in
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the program) and terminates the clocking when exactly 64 amplitudes have been
stored, The amplitude shift reglsters-are now full, and the gain registers empty.
The program then modifies the input to IC5 so that the amplitudes may be clocked out
under program control, and later to IC20 so that the gain shift registers may be
reloaded by the program for the next pulse. Figure 3 illustrates the sequence of

events.,

f

Tx synch pulse (7.54z) ) ‘

7 r r
I_______

ensble clocking (from Apple)

(i?’iﬁszﬁoﬁfa’:"%asi‘ét?:e Jf Jf HER r rﬂ L
: separation
sample and hold rrlllerlllllH
| J J J
Rx g:tzl;loltage (4ypical) Jf f f

—t

20)43ec.

Flg. 3

The reason for tying the sampling to the next positive transition of
IC7-pin 11 after the Apple has sent the enable command is that some slack is
permitted in the Apple software delay without affecting the actual delay of the first
height gate from the transmitted pulse. This is necessary because the Apple must
complete an instruction before responding to an interrupt request, which may take
up to - 7usec, depending on the type of instruction (in the present program the

actual delay is < 2psec). (Note that the disable works in the same way)

(2) Tape interface board
There are two peripheral interface adapters on this board; one 1s
used for data and command output to the 9-track incremental tape recorder, and the
other for tape signal lines (input), and antenna relay control (output). A spare

line on the board 1s used for enabling the transmitter.
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(3) Pet and clock interface board

Fig. 4 shows the connections between the P.I1.A. (Apple) and

V.I.A. (Pet). PAD
Fig, 4 PLA VLA
catl cB
CA2 CA1
APPLE PET

(¢) Program operation

The program operation is as follows. After the program has been started
1% checks for a 0 or 5 min mark (seconds are ignored). When this is found 1t
turns on the transmitter and waits to be interrupted by the synch pulse. The
antennas are selected cyclically under program control. When a block has been stored,
it is converted to binary between pulses - the mean signal belng accunulated for
use in setting gains in the next record. During the second and further blocks,
correlations are also done between pulses. At the end of a record (which is determined
by a block count) the average signal for the whole record is calculated, and the
receiver gains set accordingly for the next record. At the beginning of the second
record, the correlations calculated in the previous record are transferred to a
second storage location from which they are fed to the Pet computer one height at
a time. At the same time, new correlations are being calculated, and the results
from the Pet calculation are received and stored on 9-track tape. A1l of these
tasks are performed between the handling of incoming amplitudes.

Since the correlations are done as the record progresses, and only
6-7 seconds are required at the end to finish these, the record rate is not
dependent ox the Apple program. Calculatlion of wind values is rather time consuming
however, and is is possible that the Pet may not finish in time for the next

record., Consequently a new record is not initiated unless the Pet is finished
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with the last,
A comparison between winds from this real time system and a 'standard’

system has been shown by GregoryAet al. (1978).
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IV. Operating problems

This chapter outlines some of the problems met in practice and thelr
resolution, or ways in which they may be overcome in future modifications.
a) Receiver gain control

With the present receiver it is not possible to change the gain in ZO/usec
(the usual gate separation) because of the narrow bandwidth. Some re-design is
proceeding which will place the gain control after the I.F. stage, but this will
probably remain a problem. In the program (Version 17d,Apple) the attempt to set
a different gain for each gate depending on the measured mean amplitude failed
because the gain could not be set independently for each gate. The result was
that the gain (and signal) usually *locked' into a herringbone pattern, since the
gain for one height gate had more effect on the next. A partial solution
(version 18, Apple) is to set the gain for groups of four adjacent height gates
on the basis of the maximum signal in the last three, since the gain for the
first is uncertain. This allows overloading in the first gate of every four,
since its signal is not considered, however it has turned out to be only a
minor problem,
b) Overloading

Appendix B, section 5 (pgeb3 ) describes the serious effect of overloading
on the correlation values, It is not possible to avoid overloading completely
because of unpredictable changes in signal strength occurring over periods
longer than a record length. This problem can probably be resolved by modifying
the Apple program to save separate means of the binary sequences (1.e. separate
zero-lag auto correlations) instead of the present practice of using an *average®

over all (three) antennas for the calculation of cross correlations in the Pet.
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c) A/D converter

The particular A/D converter used does not tolerate overloading., For minor
overloading (2 10V) the output is zero; for greater overloading it is unpredictable-
thus the substitution of $FF for $@f in the Apple program. A final solution was
to put a 9.9V zener diode across the receiver output.
d) Pet

It was found that the temporary data storage (1 page, see Appendix C,pg. 78 )
was not safe from the Basic system even though the internally calculated storage
requirements seem to leave enough room, and no string operations are used.
Consequently, the transfer of all data into Basic program variables was made
as soon as possible in the program. It would be more efficient to check the
auto correlation for fast fading first and only read the rest if necessary, since
the *PEEKING' of data out of storage is time consuming. However, the present
program does finish a record in less than the required time (5 min) so nothing

will be done about this at present.
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V. Conclusions and future work

The real time system has been operating since Sept. 1978 with the
gain control modification described in Chapter 4, The amount of output is
v 10-20% less than for the previoﬁs system in which raw data (amplitudes) were
recorded and analysed at great expense on a large computer, presumably due to
the binary method in use; but the quality of the resulting data is essentially
the same., Some increase in output is expected when separate means are used in the
calculation of cross correlations.

Since incremental tape recorders are becoming obsolete, a future modi-
fication of the program will be made to save the output for a full record and
dump it onte tape at the end of the record. The present four antenna array is
unique, thus a modification will be made to allow operation on the more usual
three antenna array (commonly an equilateral or right angle triangle arrangement).
A slightly lower pulse rate ( v6Hz instead of 7.5) and longer block length

(80 pulses/antenna instead of the present 64) will be employed.
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1. SUBROUTINE CALLING DIAGRAM (4 ANTENNAS)
( * - NOT A SUBROUTINE)

INITIALIZE* —— START* WAIT*—EE.O.T ——FILE GAP
: KEY
UPDATE[c—CHECK—PET (SEE BELOW)
NV

INTERRUPT* +— OPER1 —— MOVE14

' — CHECK~PET (SEE BELOW)
— ADR-BIN

— DEC-BIN

-—OPER2 —r— XCOR ~—ADR-XCOR
— ACOR—ADR~ACOR

— CHECK-PET (SEE BELOW)
—ADR-BIN

—DEC~BIN

— OPER3 —— XCOR~—ADR-XCOR
— ACOR—ADR-ACOR
——RESET-GAINS

— DISPLAY

~— UPDATE — CNV

CHEGK-PET —1— GAINS-ON-TAPE
— READ16
—— WRITE240 ADR-XCOR
ADR-ACOR
PIA-INIT
— TAPEL16
— FILE GAP
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2. Short description of routines

START : Updates clock store and checks for keyboard commands between records;
checks for start time (minute units = 0,5) if the Pet is finished with
the previous record. It initiates a record by setting a flag and
enabling the interrupt, and then sits in a short-instruction loop
walting to be interrupted by the synch pulse, At the end of a record

it disables the interrupt. -

INITIALIZATION : Initializes the gain settings for the 32 height gates (low to

high) to 7,7,7,7+6,6,6,64 ceesos 0,0,0,0, Reads in day#, and # blocks
per record; sets bottom delay, gate separation, and clockin delay
parameters; initializes the P.I.A.'s; chooses the first antenna relay;
runs the gain settings into the P.I.A., and sets cycling parameters
and other flags.

UPDATE : Reads H,M,S from external clock and stores in clock location and on
monitor; checks for day# change; sets file gap flag when day# is changed;
services the Pet (and Tape recorder) through CHEGK-PET routine if a
record is not in progress.

INTERRUPT : Saves accumulator and X register (not needed) on stack; gives

software delay before first height gate; turns on clocking, waits for
64 gates, stops clocking; runs in gains for next pulse, If a record is
not in progress (this is a faint possibility since the system could come
out of interrupt at the end of a record and be interrupted again before
the interrupt is disabled) it returns from interrupt at this point.

It reads 32 amplitudes from the P.I.A., loads them into block storage
and selects the next antemna relay. If the first block of the record

is in progress, then OPERl is called; if any other block, then OPERZ ;

if the record has ended (by block count) then OPER3 is called,




OPER1 :

OPER3 :
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Operations in this routine depend on the pulse count (0-$FF), After

the first three pulses it shifts the auto, cross and date/time store 1
to store 2 (for output to Pet) and zeroes store 1; stores the present
date/time in store 1 and zeroes the binary storage (store 1 and 2).
After all other pulses, except the last four, it services the Pet

ard tape recorder (through CHECK-PET ). As the block is finished for
each antenna, the data are converted to binary through DEC-BIN,

Again the operations depend on the pulse number. After the first 96 pulses
it cycles around the cross correlation (gggg), auto correlation (AQQB),
and CHECK-PET routines, The idea is to-service the Pet as often as
possible since its calculations constitute the limit on the record rate,
After all other pulses, except the last four, it calls CHECK-PET. At
the end of the block (last four pulses) the data are converted to
binary.

This is called after the last block in the record has been converted to
binary, and it runs through the cross and auto correlation routines
twice to finish up. Then RESET-GAINS is called to caiculate the average
signal and choose-the gain settings for the next record. The record

is terminated in this routine by resetting REC,

ADR-BIN, ADR-XCOR, ADR-ACOR : These calculate the address to the appropriate

binary sequences and the accumulators for store 1 cross and store 1

auto correlations from the input height number (0-$1F) as shown

below:
storel
store?
Z‘BB |
ADR-BIN [81s8[81s[s8s18]818]
ant¢b #3 #2 #1
z‘cc
ADR-XCOR [ @82x2 [ 32x2 [ 32x2 |
4v1 4v2 4v3
ZAA

4

ADR-ACOR
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Note that the address points to the byte below the ’boundary' for
programming reasons,

DEC-BIN : Averages signal (- + 6l4) for a given antenna number (0-3) at 32
heights, and adds this to the Z'EEE store (for future use in setting
gains and for output to tape): avge = Isig/64 + 1 (truncated). This'
average is compared with each amplitude in the block to get the binary
representation of the sequences (amplitude > avge gives a "1’ bit) which
is put into store 2 binary (see Apple bulk storage map,bpgo35 ). This
process takes « 0,08 sec for one antemna at 32 heights.

XCOOR : Does ‘partial’ cross correlations (4vl, 4v2, 4v3) for one height. The
linear (instead of loop) section to add 1°s was found to be necessary
for saving time. The method is described in detail in Section 3 (pg.27 )o
Required time is« 0,06 sec.

ACOR : Does 'partial® auto correlation for one height (0 to 15 lags) over
antennas #1,2,3 only (see Section 3, pg.28 ). Required time is ~0.06
sec.

RESET-GAINS : The first half of this routine divides the ijéig by the
(number of blocks times the number of antennas) to get the average
signal, sig, for the whole record; and stores this and the present
gain settings for output to tape. The second half compares EEE with
80 and 160 ($5¢ and $AP) at each height. If it is between these limits
the gain is left as is at that particular height; if greater then the
gain is reduced by one step (if possible); if less then the gain is
increased by one step (if possible)n Ideally each gain step (adjusted
manually) should be equal to the ratio of the two limits used (eogo 80,

160), which is 6 dB bere, otherwise the gain will sometimes bounce

back and forth from too high to too low, even when the average signal
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strength is constant. The upper limit is restricted by overloading:
- overloading usually begins when the mean reaches *ﬂiﬁO, and may be

5 or 10% at a mean of 160, At present, gain steps of »8dB are used since
48 dB (=6 dB x 8 gain steps) may not quite cover the range of signals
encountered in practice,

CHECK-PET : This routineAcontrols the tape recorder and services the Pet
computer., The latter is programmed to output 16 bytes and input 240
bytes each time it is accessed. Operations are governed by flags best
described by the flow chart (pg.3b ). Tasks are made short enough to
fit between pulses (except for the file gap - but > this is put on
only once per day after the fourth pulse in a record), Note that at

the end of a record the Pet is holding the last output and waiting for the

next input, which means that the 'true' end of the record as far as the
CHECK-PET routine is concerned, is during the beginning of the next.

TAPE16 : Puts 16 bytes on tape (1.2 msec/byte with the present tape recorder)
from the temporary Pet output store.

WRITE2LO : Feeds 240 bytes to Pet (date/time, cross and auto for one height),

READ16 : Takes 16 bytes from Pet and puts them is a temporary store.

FILE-CAP : Puts a file gap on tape and waits until it is finished ( 0.5 sec).
Tt also takes the present day # and éuts it back into the manually
initialized- store - this is just a safety feature in case someone
resets the Apple and forgets to re-initialize the day#.

DISPLAY : Displays a character corresponding to the ASCII graphic for the
lowest 4 bits for 17 bytes (designated by a pointer to one byte below

the desired bytes, which is initialized manually before running the

program).
0-9 come out as 0-9

comes out as
" " "

" L1 "

" " n

n " "

- VI N e

A
B
c
D " u "
E
F
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3. Method of continuous correlation calculation (4 antennas)

Two consecutive blocks of stors 2 store 1
(bloock n+1) {blook n )
data (n, ntl) are available in binary ant#1 [ 8 bytes 1 8 ]
form as shown in Fig, 1 (at the beginning
ant#2 [ 8 [ 8 ]
and end of the calculation, one of
then will be all zeroes). Antenna #4 ant#3 [ 8 I 8 ]
is correlated with the other three at
ant#4 | . 8 | 8 |
each lag (because of the special antenna 10 byc.rtmn-ro{m?e
array used)- so just one pair will be Fig. 1
described. Ten bytes of antenna #4
are transferred to zero page as 8 bytes ANDed
/______A—"—_—\
shown in Fig. 2. This situation
L 8 | 8 ] ant#3
will be arbitrarily called a neg- £ j 1 i 1 ! 1 1
A
ative lag, and since #4 is shifted XX 2 [«———8 +———] ant¥4
' (zero page)
2 bytes (16 bits) to the right, this ‘ +—— 12 bytes rolled —>
is lag -16. An 'AND' operation is Fig. 2

performed between the 8 pairs of bytes indicated - the result of an "AND' con-
tains a "1" bit if the corresponding bits in the pair of bytes "ANDed' were both
1's, and is a '@ bit otherwise. The number of '1' bits in each result is accum-
ulated for the 8 ANDs and is added to the 4v3 lag -16 accumulator (2 bytes in
store 1 cross correlations -see Apple bulk storage map, Pg. 35) The zero page
antenna #4 sequence (12 bytes, although only 10 used) is now shifted left by 1
bit using the "ROL® instruction. A zero bit is inserted on the RHS for each set
of rolls, so zeroes fill the space left by the shifting sequence., Now the same

8 bytes of antenna #3 are ANDed again for lag -15. Note that the leftmost bit

of the antenna #U sequence is now outside the boundary of the 8 bytes, and does

not come into the AND results here.
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The procedure continues down to lag -1, Before lag 0 (when antenna #3
and #4 are perfectly aligned), the two extra bytes in antemna #4 (LHS) are zeroed.

Now ten bytes are ANDed as shown in Fig., 3 (12 bytes are still rolled for easier

programming). For zero and +ve lags, 10 bytes ANDed

‘e - Y
no bytes of antemna #4 will be outside | 8 | 5 ] ant#3
the AND operation, but some of the oL 8 [6°0] # Vzerolag
antenna #3 bits effectively will be -

_i‘_________8______J106—0 #4 +ve lags

since they are being ANDed with zero

- 12 bytes rolled —
bits. Fig. 3

i The auto correlation is almost exactly the same except that only antenna$
# 1,2,3 are used, and just zero and +ve lags are calculated (the éequences are
ANDed with themselves); the results for each lag being added into the same
accumulator - effectively giving an ‘average' auto correlation at each lag .

At the end, store 2 binary is moved to store 1 and store 2 is zeroed
( the latter is actually only required at the end of the record). When the next
block has been converted to binary, it is placed in store 2, and the same
correlation procedure is followed again. The final result of this process is exactly
the same as if the binary sequences for the whole recprd were correlated at once.
The accumulators (auto and cross) contain the number of l-matches for each lag.
The zero lag auto correlation contains the total number of 1's in the three
(antenna #1,2,3) sequences - this is used for calculating the actual correlation

value from the number of i-matches (done in the Pet) as described in Appendix B,

Section 1 (pge 57 )
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SET FILE-GAP
FLAG

l

JINCREMENT
DAY RUMBER

DY=0

PUT DATE/TIME
ON SCREEN AND
H,M,S IN CLOCK
STORE

DY=1

RECORD
IN PROGRESZ?

CALL
CHECK-PET

UPDATE
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- IES

SHIFL LAST 14
PAGES STORE 1
TO STORE 2

CLEAR STORE 1

N

3rd (o
flore) RECORD I
ROQ?ESS

DECI.
REGORD COUNTER

o

SET GAINS-
ON-TAPE
"FLAG"

SET
PET HT=$20

A\

YES

-~

N

bl

1st PULSE ?

2nd PULSE

NO

3rd PULSE

NO

~
(//’izg; FoUR~. YO

PULSES 7

CONVEET ORE
ANT  TO
BINARY

OPER 1

MOVE DATE/TIME
TO STORE 2

AND CLEAR D/T
STORE 1

[SHIFT 1% PAGE:
STORE 1 TO
STORE 2 AND
CLEAR STCRE 1

YES

RTS

CLEARE 51
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STORE

STORY OTHER
PARAMETERS

\

CLEAR BINARY
STORE § & 2

ﬁ/

IN DATE/TIME
BTORE 1

CHECH-TET’

LOAD PRESENT
DATE/TIME IN
STORE 1
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NO

1st
<:§§\ifLSES
?

AST FO NO
PULSES ]
DECR. CYCL !
YES
NO ' | CONVEART 1 ANT CALL
< 10 BINARY CHECK-PET
YES
CYCL = 3 RTS

00 AUTO CALL Dg CROSS
CORRELS FOR . CORRELS FOR
ONE HEIGHT CHECK-PET ONE HEIGHT

OPER 2




GAP ON TAPE
& RESET FLAG

TAKE 16 BYTES
PET O/P, AND
STORE

JT 16 BYTES

T FILE-GAP

RTS

OR TAPE AND
SET BLOCK- KESET F.C.
GAP FLAG FLAG
Y
PUT 16 BYTES
PET O/P ON
TAPE
N
o/P 210
KYTES TO
PET
DECREHENT .
o
FETHT CHECK-PET
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7. ZERO PAGE STORAGE
(CONSTANTS*, CONTROL FLAGS, COUNTERS )

LOCATION! NAME USE ROUTINE
P¢B8 DELAY#* Controls delay bvefore 1st ht. gate INTERRUPT
B9 GSEP#* Determines gate separation (ZQﬂS at present) "
BA CLOCKIN* Controls delay for clocking in amplitudes "
must cover ist €4 ht. gates exactly
BB REC = 1 if xecord in progress ‘ VARIOUS
BG DY = 1 if looking for day # update UPDATE
BD NBLK = NBLKi &t record start, Gecremented to zero, intexrupt
counts # blocks taken
BE NBLK1#* # BLOCKS/RECORED -chosen at system start “
BF PLSE PULSE count (0u255) for cach block, also used INTERRUPY

t0 calculate addresses, and select operations OPER]1, OPER2
in OPER1, OPER2

Cﬂ NRELAY decremented with every pulss, used to choose INTERRUPT
relay #, also used to calculate addresses.
Ci NRELAY1¥ = 4 (# ANTENNAS USED), used to reload NRELAY INTERRUPT
c2 PET HT = $20 when STOREZ2(AUTO & CROSS) filled, CHECK~PET
decronented to mero as’ PET processes these.
c3 B.G, FLAG | = 1 if block gap required CHECK-PET
Cly RECORD# indicates whether 1st or 2nd recoxd in CHECK~PET
Progress & others
| C5 1stPET O/P| = 1 until ist PRT 0/7 after system start
| FLAG
c6 G.0.T, = 2,1,0 ~ controls writing date/time,sig, GATNS~ON-TAPE
FLAG gains on tape CHECK-PET
c7 F.G.FLAG = 1 if file gap required UPDATE, CHECK~PET
c8 CYCL controls subroutine choice 1nOFPER2 OPER2
JFE L}'INTERRUPT VECTOR - points to interrupt routine ;}INITIALIZE
3FF H
o #BLOCKS/RECOR% N
1 D100 INITIALIZED MANUALLY AT SYSTEM START. IHITIALIZE
. - This day # is updated everytime a file
2 D DAYH#
10 gap is put on tape.
s In)
A L } pointer to one byte below chosen display bytes - DISPLAY
B H INITIALIZED MANUALLY AT START
¢ L ‘}~USED IN DISPLAY TO POINT TO SCREEN LOCATION
D H




8., Apple program, version 17d (4 antenna,s) 8

gaFC~ 28 28 89 J5R  $A928 STAKT
GSFF- 40 75 12 - JWP §I27S
as@z-  AS 0F LoA  $02
aggd- DA FE BNE  $83FC .
aspe-  AD FA IF LDA FIFFA start record 1f M; =0 or 5
gaps~  Fa o4 BEQR  $896F .-
gepp-  C£9 8% CHP  #:as
peep- DA ED ENE  $ROFC
AsOF-  ES BE INC  #BE
asil- AR 3C LDA #¥30C PURN ON Tx
aalz~- 8b 81 05 sTA #csal
gaje- 88 . CLI
Sl e o ) 3 ? ) .
t*,:a; 9- g@ g? IE“")[JQ igg /.—..-] tight loop when record in progress
g91B- 78 SEI
A9(C~__4C_Fro@e  JHR _ #83FC
o @2F-_ @8 BRK

A2~ R 08 Lpa  #roa UPDATE .
922 20 pg 99 JSR $89D0 - .

G925~ &b a4 85 sTA #a5ad L

gez8- 23 OF AND  #E8F
@92/~ 8P FB IF 51" $IFTE]
. @esp~  R9 18 LpA  #F19
Ae2F-- 28 pa 89 JSR - $89DA
Aeza~ 8h B3 a5 STH #8585 g
pe3s5~ 29 @F -~ AND  #$8F
@e3F- &b 7. IF STH  #IFFC
a9zha~  R9 BA Lo #3ER .
@2Ic~  8h Be A5 STA #8585 N read external clock, put time
BIZF- A2 29 LoR  #s2a ] on screen (HR,MIN,SEC),
g4~ 28 DB B9 J5R . #8303 STORE TINE IN “CLOCK"
© B944- 8D 87 85 - STR- ¥8587| n
pa47~ 29°8F AND  ‘##mF |10
Bads- 8 79 IF T STA  $IFF9y :
©@9dc- A9 &8 LR #¥58 \

@34E- 20 pG @2 JSR 8904
- @es/-  SD B3 @5 STA #0508

G954~ 29 AF AND  #30F
@ess- @b FA IF STA $IFFA]
a9s9- A9 EA LD #$ER
ga58- 8D 67 @5 STA, #8509
@95E- RS 50 LpA #3580
@acA- 28 DR A9 JSR . 09D
BE3- 8D @A 85 STA  #A850A
GogE- 29 @F . AND  H¥OF
@9ce~ & 77 IF STR  $IF77

gasE- A9 44 LpA #4406
arep- 28 Do ag JER $a830a
gara~ 8D @B B3 STA #0588
Berz- 28 oF PN #50F
Sp3yFs- &b 78 OIF 5TH $IF7Q|

paFa- RAD 7D IF LDA  $IFTD
@afE- @9 BE ORA  #3B@ D,
a937p- sh 98 a8s STH £a58a }Put day # on screen
gaga- AD FE IF LDA $IF,
peg3- B89 B9 arRA #$EO Dio
@ags~  ep 8l 85 STA $658]
@388~ AD FF IF LDA  $IFT )
gage- B3 BA DRA  #iB6
. Boeh-  6b o2 @s  oth  tasaz !
Gasn- A9 BA LDA  #iER
"@9gA- oD B3 85 - STA #0587
ARR5-  ER NOP
A995-  ER NOP
pasz-  Ef NoE
§922-  AS BC g
pasA- DB a9 léﬂg ig%,:,q 32§°‘;£;?r;§ylfa§p‘;§2§'
asap- AP 7B OIF LDA $IFTR Day # changes
BAsF- 09 82 CHP  #182
L B BNE  $090S
@9RI-  E5 BC INC  $BD
A9A5- AP 7B IF  LDA  $IFTR
asAa- DA 1B ENE #0905
" B9RR-  EE CF INC  $CF .
89AC- A2 A3 LDX #5837 .

a9ne-  EBD FC IF LDA FIFFC. N




39.

Tasel- 8 cLe ’
ase2- 6% Al ARG #¥a
gap4~ 90 FC IF - STR  FIFFCLN
@ea7- 09 AR CHF  #$0R
agRs- DO AR ENE #0303
82pE- A9 a8 LA  #zan
%D~ - 3D FCIF STA  FIFFC. X
8208~ CA DEX .
asci- D@ EB ENE  $82RE
8aIC3~-  C& BC DEC  $EC :
@305~ A5 BR LbR  ¥BR: N
QT T — 3 F (ol O™
gilL_{Q— , Zg al ‘ R"_kai a3cA If Resoxd not iff progress
O3CA-  20.9E 1@ . JSR $185E then "check-pet
aIch-  &n RTS
aacE-  @n ERE .

_BRCF- _ B@ BRK ) - :
aepa-- &b a7 C2 STR . $02A2
AEp3Z- AL @2 03 LpA #0382 oNY
aspE-  E9 @F AND | #38F —

@Ips~ 80 A2 03 ~STA #0362
89pR- @3 B@ 1 ORA #¥B8 -

_aapb-___ &8 RTS_ - ,
89pE- aa BRK
aspF-  8A BRK =~
G2Ea- @@ ‘BREK ’

A9E[-  ap BRK 3
G9E2~ a8 ERK -

G9E3~ a9 BRK

A9E4- . a8 BRK

ASES- @8 BRE

S @SEs- @a BRK
agEP- 68 "BRK X
A9ES- A8 BRK -

_@SES-_ pa BRK , -
HBIER- 78 SE] _ -
G9ER- DB cLp INLIIALIZE
a9EC- A9 a7 LoA  ##a7 .

BAEE- 2 28 LDY  ##20 .
asFa-  AA 54 Loy  #Fay ‘ : .
@aF2- 9D FF IF - STA  #IFFF,X [ Set initlal gains (arbitrary)
Q9FsS- A DEY ht#0-3 have gain 7
gaFe- &8s DEY ht#4-7 have gain 6
G3FF- DA FR BNE = $89F2 ete, . A
gaFa- 32 SEC , = : )
@9FR~  ES Al SBC v #sal
B3FC- 18 F2 BPL  #83F3
@3FE- RS @@ LbR 88
8AFA~ 85 BD STA FED
A2~ 85 BE STR  $BE : \
8Aad- A9 33 LDA #-xas«}*———delay to first gate
BARE- 85 BR STR $B2 J - - :
apAa- PRI as LDA~  ##03 ) gate separation
BRBA- 85 B9 STA  $ER _ .
gRAc-  AS @l - LbAR . #4al load day #
BGRGE- &b FD IF-  STA  $IFFD
GAII~- A5 a2 Loa 82
BAIZ- 8D FE IF - STA  $IFFE
BAlE- RS A3 LoR'  $a3
GAle- 8D 7F IF STR  $IFFFE
@AlB- R2 |4 LOA ~ #Eld i (
GRID- 85 BA STR  $EA 7r*"‘“°1°°k in delay
BRIF- RS @A LDA #5608 - .
BRI~ 8D 8l 5 STA #0501 P.I.A. initialization '
Baz4- &b 8z 0§ STR 405483
BR2F~ @b 85 C§ STA  $0585
GR2A~ 8D B7 05 S5TA FCSOF
BAZL= . &b @l OF STR $CFal
PARZA- 8D 83 7 STR  #C7@3
ap a7 03 STR #0283
A% FF LDA  #EFF )
eh a4 05 STR #0503
ap a5 05 STA #0508
ap @2 0§ STA $CEeR
_aRdi- @b a2 oF  STA $C7ER



40,

TBAd 4~ AR 08 . LDA #¥00 .
afds- 3D B8 C8 =TA 0500
BRY3~ s as or 5TR Foroe . o
BR4C- A% F@ LDA #EFO
BR4E- en o BE CF sTA 0302 - »
BRSS! - S 20 LpA , #5520
BAR&3~ & @l Cs 5TA 0541
BASH- &P A3 LS 5TH 0565
BRGF- et ar Ca STR « #0587
BRSC- e al Cor -5TAR ¥Cral .
8aaF- en 63 Cr 5T1R $CFaa .
BAE2- 8p BE .2 5TR FCI83 J
BRES- & @z 05 5TAR FC583 -
BR&S- A& a2 CLpy #rop T
BRER- A2 28 LDy #+20
BREC- Bl FF IF LDR FIFFF. X .
GR5F- 89 0F OrRR #2080 Run gain setting into PIA (twice!)
BRF I~ ap a2 ¢or £TA FOFRE b
BA74-  CA DEX : : ‘
8AFG -~ L FS BNE F8AsC .. S
8R7 7~ &E DEY
BAF8- D Fo BNE F8A6AR ,
8AFA- AE 18 Loy #g1a o ds '
ARTC- A9 A@ (DA weon L. zero ’dattla/time.store 1,
BAFE- }39 EF 5F 5TH $SFEF. Y
anzl - &2 DEY )
BRSzZ-- DA FA ENE . . $0R7E. . o :
BAG - 85 BE 5TAR $EB ' -
BAZE- 85 Ca~ 5TR $C2 ‘ T )
aRag- 25 B &TR $BC -
BASA- * A9 64 LDA  #$04 4—— Y4 relays (Antennas)
BASC— 25 Ca 5TAR A : B !
. BASE- a5 Cl £TA FC ' -
GRAG- . RS B8] LRA #¥a1 - )
aRsz- &b B2 s STH - #0542 -
BAAS- AF 8 . Lpa  #ECH ) ' ’
8R37- B0 FE 83 STA  #83FE -set interrupt vector
BAIA~ AS &R LoA #¥+0A
BASC- 80 FF az 5TH FA3FF_) /
BASF- RF B& LbA #¥aE ! .
BAAI- &5 BF 5TA ¥EBF }«“ pulse count -~ ‘
.BAARZ- RR 43 LbA  #02 initial record counter
HRAS- 85 04 ETA . #04
BRAF- A2 @l LDA . #%8] :
BAAS- &3 05 5TAR L YN . )
BARE- . A% a8 LDA #+00
BRRD~- 85 g 5TAR $CE .
GAAF - 85 02 5TR 3
GRE | - &3 o7 £TA L7 ’
BRB3~ A2 34 LDA - ##34 |——turn off Tx (in case it was on)
BAES~ &n gl cs 5TR 501 )
BRES- A3 B8l LeA #E5]
BRER- &s ce 5TA 2
HBABC- 40 FC g8  _ JHF FESFC
_BRBE-__ 88 BRE - .
GRCE~ 48 FHA INTERRUPT
BAaC T - &R TXA . -
BAC2- 48 PHA . b '
GACZ- A4 BR LDY  $BS }gielay :
BACS- a3 DEY - -
BACE- Da Fp ENE 8RS '
AACS- A5 B9 : 3 :
gg,l_:.'“q_ QB g;., cr g?g :E?:"G;‘ turn on clocking at chosen gate sep,
BRCD~ A4 EBAR Lpy ¥ER
8ACF~ RZ @R Loy #+0R
BRD | - CA DEN clock in delay
aRp2 - nDE Fp ENE fFHAD]
BRLY~ £R HOP >
a/bs- &8 LEY
BRDE- pa FrF BNE FERACF )
BADS~ [Z az LDY #+63
e@apR-  CA DEX )
BADE~ D@, FD ENE  $8AD .
pADD- A SO Lpp  #iemty  SIOP clocking
_BRLF- ep a2 cr 5TR $C?Bé}



| BRE2-

BHE 4 -
BRES-
BRED-
GREE-
BAEE-
AREF -
GIIF | -
BAFZ-
BAF 4~
PAF G-
BAFS-
ARF9-
BAFE-
8AFC-
BAFE-

- pRea-

AEA2-
apaz-
AR~
FEAE -
gEaE~
AEAA-
AEAE-
BRED-
GEaE -
aE o~
ael |-
A8 3~
GE | 5~
887~
81 A~
8E1C-

. BBIE-

ARZ6-
pREZ-

ap22-

ABZ5-

8R27 -

BE2G~
AR~
B8R0
aB2F-

gEIg-

L"B"'D...

aezx3-.

ABZ5-
BETE-
BR37-

aRze-
AaRZR-
BRI0-
ARIF -
BE4 -
Ged43-
BEds—~
8647 -
agd49-~
ap4L-~
BBe4E-
aes58-
BESE-
ge54 -
BB57-
GR5A-

apap-.

eRsa-
GBS~
ARE2-

BREI-

aB5d4-
GBes~
AEGE-
BEE7-
gees-
aRE-
BE&R~
HEER~
aBst-
8EeD-
(5] 5029 S
J ] nlag gt

MDD DMWDmD

=~
FEIi

Ag B2 LDY  ##02 . . L1,
A2 za Lo #e28 . o
BD FF IF LR FIFFF.X
a2 ca ORA #E0n load gain setting for next pulse
eh Bz Ccr STR 4072 ’
cA DEX .
DA Fs BNE  #BRAES
g8 DEY ) :
pa Fi ENE  #BAE4, . .
AS ER LpR  $EB
[;g a3 gfg +ORFE if a record is not in progress, skip out
a3 st BCC  #8BSY
pa oLp , "
A9 FF LpR  ##7F
&5 As ETR  $RE
A5 BF LDR  #BF
4A LSR .
4A Ls5R .
o5 RS STA $AS calculate data address
Ag o8 LpA - #4808 -
As C@ LDy 08 . -
18 CLC }
&9 4/ ADC  #¥48
"CR - DEX ,
0a FR "BNE  $BE@R :
13 cLC N
ES RS SBC $RS
85 RS STA  #RS -
RA 2a LDY  ##28 :
AL ga Ly Lbr  #Cro8 read data from PIA and
pa @z BNE  $BRIE STORE IN BLOCK STORAGE (N.B. A/D conv
AR FF LOR  #¥FF makes anything >255 ‘equal zero - thus
81 RS STA  (FAS. XD this adjustment) o
Cs Re DEC  $#RS
e DEY ‘
pa F2 ENE  #8BI7 '
CE oa DEC  #Ca ‘”) .
pa B4 ENE  $BB2D . ’
s oro- LbR o #Ci ' . . -
5 ca STAR  #C8 ) o '
2 A5 LDA #$05 |— select next relay
S 5EC . ' ‘
5 ca SEC |, #08 .
A TAX -
9 aa LDA  #¥98
g SEC - :
2A RAL .
CR DEX
La Fo BNE  .$8B3FE - :
8D/BAZ G5 . STA #0502 4f—{ Relay #12 3 b
A5 BE LbR $BE Loaded#1,2.4.8
C5 BD CHP  $BD \\ .
pa ae ENE  $8B4% :
28 78 B8R JSR FBEFR l— choose subroutine depending on Block #
18 CcLC ’ '
<98 a3 BCC . fFaedc .
2a 20 ac JSR  ¥aczae
E& BF b INC - $BF '
pg ar ENE  $BES? )
L L& BD DEC . $BD : B
‘pE Az ENE 3RSV -
28 75 8ac JSR  #8LF3 UPDATE )
28 28 a2 JSR #8928 .
28 50 (2 JSR #125D - DISPLAY
RD @2 CF LDR. #0782 4——RESET INTERRUPT enable on PIA
NS PLA A
AA TAX
88 PLA \
448 RTI
ag BRK .
aa BRK '
aa BRK
ag BRE
aa - BRK s
aa BRK
. aa BRK
aa “BRK
an E‘RK
an



L2,

“hEFE- D8 oD ‘ . OPER 1 (done during 1st block
@B7I- RS BF LDA  $BF  “)_ check pulse — — 1in record)
aBFI- DO 24 BNE  $0B92 count
BEFS- AR 1@ LDY  #$1@

GR7F~ B9 EF 5F  LDA  #SFEF,Y }-shift store 1 -
ARFA- 99 DF 43 STA  $43DF,% | date/time -
gEFD- A% 86 LeR #+08 to store 2 & zero store 1

BBFF- 99 EF 5F STH  $5FEF.Y ~ ~

‘PRS2~ 88 DEY ‘
gpez- D@ F2 BNE  $ORFT
pp3s~ A% S5E LDA  #45E
AERgF- - &5 A2 STA  $R?
gg'gg' gg ”;LI’ &?g ggfl_—a shift first 14 pages store 1 to store 2
0 F ol wl o heng Luche ) ’
priviedl na 42 PR B4 ) (auto & cross) and zero store 1
BRSF- 85 A4 STA #A4 ,

AR/~ AR EA . LDR  #$E8
ge83- 85 A3 STA  $A3
@E25~ 24 |4 80 JSR #acid
ARS8~ &R © RTE
agag- 2 al CHP  #¥01 : : :
apse- pA e BHNE  ¥0BEZ shift and zero last 14 pages
pEap- 28 14 8C JSR $aC14 ) :
GEAE-. RS 04 LeR scd G i )
AEA2- F@ 85 . BER  #BBAA ' ‘
anAd- Ce c4 - - . DEC $Cd _— check record c.o(unt '
BBRAS-  C2 83 CMP - #+83

- GERS-  FA A8 EEQ  $8EBZ . Voo
PEAC- &5 06 STA - $C& . V N
@ERE~- A% 28 . LPR  #E20 >
BREE- 85 [P - 5TA . #CP - :

_BEB2- &8 . RTS i : ; T
BERZ- 2 a2 CHP  #$82 . .
BRES- D@ 42 BNE  $8BFS A ~
BEEF- A8 48 LOY  #£48 ’ '

GEES~ RS 88 . . LDR  #¥ed 4aT

BBRE- 89 8F |F STR  $IF9F, ' |—26¥0 &slg store ~ .
AREE- 88 . DEY : ;
GEEF- . D@ FA ENE $@Eéé

aeC I - 2 EA - LD #$E8 . L
BECZ- &85 Al TR $A1

BECS~  A? 28 LpA #E26

BECTF- 88 A2 - STH $R2 zero binary store 1 & 2
aeng- 2 a8 LDY  ##88

BECE- A% 88 "LPR  #¥0n

@eCD~ AR AR - LDY  ##08

8eECF- 21 Al CSTA CERINY

Gepi~ 88 DEY .

BEDE- D@ FB ENE  $BECF |

BED4- 08 A2 DEC  $A2

BEDE-  CA DEX , .
aeR7- DA Fd BNE $BBLD_J/ : ,
BEDe- 2 a7 Lpx  #$07 i

aenp- BD 78 IF LpA FIFFE. 8
8BDE- 8D F8 5F STAH  $5FF&, N +—load present time ( & other parameters)

@RE - CA DEX into date/time store 1
BEE2- DA FF EBNE  $8EDE:
BEE4- RS BE LDA  $BE -
BEEG- &0 F& 5F  STA  $5FF8
PEES-~ A5 B3 LDA  $BS
BEERE~ &P F? SF  STR  $5FFF
OBEE- AS B9 . ©  LDA  #B9
GeF@-. 8D F& SF STA  $5FF6 <
gBF3- A5 BA LDA  $BA
ABFS- 8D FS 5F  STR  $5FF5 _)
AEFS- &8 RTS ; -
. BBFS-  C9 FC CHP  #$FC -
. BBFB-  BO 84 . BCS . $acal
GEFD- © 28 SE 1@ JSR  $[8SE CHECK-PET
gcoa- 6o RTS
acel- 38 © SEC ,
gcos-  ES FC SEC " #3FC
©acad- 85 Ra STR $A8 ¢—— ANT #
X T & Fagiy Q [ 4 L1355 AR .
gggg_ '3.; S? l{;?g ﬁé’?a - T # _ (Convert decimal to binary as each
BLAA- 20 £8 A0 TSR sacrn 44—ADR-BINpntenna is finished in the block
grap- 20 78 6b . JSR $OpFe——DHe-BIN

aclie- ©n RTS




3.

actt- ae ERK
aciz- aa ERK
L acl3-_ aa __ BRK o
acle- RE an LOY #rag ) j— ‘
g'l:;g:‘ gll g“[g &_?g Z;Eg_i,:’::: Move 14 pages store 1 auto & cross
= - = e coxrels to store 2 and zero store 1
aclc- A8 ag LeR #¥0G
8ciE~ a1 Al sTR (ALY
acLe- &8 DEY
ecal- Da Fa ENE facile .
aca3- ce A2 DEC $R2 ©oN
L eras~ Cs A4 DEC 14
acz2r- cA PEX ,
Brae- Dg EC BNE facis
_@CRA-___6B8___ - RIS .
BC2B-_ bR BRK .
- BeEC- AS BF LRA +BF OPER 2
arre- e &8 Ny #Eog
ac3eg- B 28 BCS  $8C5A '
ac3z- e C8 LEC $C8
ac34- Do a4 ‘BNE FHC3H .
83— A8 /3 LR #¥03 =
TAC38~- 85 L8 57A +C8
BL2A~ RS L8 LA $C8
arac—- c3 az CHMP #+02
8e3E- Fa arF BEQ FBCHF ) R -
a04@- 98 0 WC FACS, . P
S:};?,_ E\g ,!,é g‘l{:—g ig[L_:hE after first 3x32 pulses,
GC44~ AS _‘?E LDA $-9E cycle around XCOR,ACOR,check-~pet,
arde- 85 ;:“ STR $;?I ; using index C8 to pick operation
ac48-. 28 .8 Bl J5R facce ADR-BIN
acdp- 28 27 B JER fOEZF ACOR
BCdE-~ o8 RTS
a4~ AS SE LDR ¥FRE.
arsi= 83 RnI 5TA Rl
acsz- 28 rg e o JSR facce ADR-BIN
‘@CsE~ 28 38 OF J5R  $OF38 AGOR \
Breg- &g RTS !
AcsA- 8 FC CMF #¥FC ! _
acse- ca aq BCS F8CE2
8CaE~ 26 8E 1@ JSR & ¥I182E CHEGK-PET
. Bcel- &a " RTS . P
. Brg2- 38 SEC : .
AET- 2 FC SBC N &6 ‘
gﬁ&g&_ ) g}j ZE i—% ﬁgg‘- , tonvert decimal -to binary
acé7- A9 aa. LbA  #fon '
ares- 85 A1 - -, 5TAH A1
-GreR- 28 08 ar JSR fBLCS N )
BUeE~ 28 Fg ab JSR Fa078
8rri- 5 <+ RTS !
- BLF2- ag BRK
acFI-  aa. ERK t
_BCFd~- ag BEK .
8rrs- AR B2 LoR #582
ared- &5 9F S5TA $9E \\\\\ g%%&%
BCFQ- A9 IF LOA - #EIF \§u§ over XCOR & ACOR twice to finish up
acre- 43 PHA ~HT# counter
acre- &8 Al 5TA SR
acrE- 28 08 ac JSR facce
arei-  ER NOP
BLR2- ER NOF
- ace3- ER NQF
aced-_ 28 2F BE JSR FOE2F7
aeer- &8 FLA . . T
acss- 85 Al 5TAR A1 )
AC8A~ 48 FHA
aese- 26 €8 ac JSR $8008
BLEE- EA NORP ™ RN
" BC8F- ER NOFP
acap- £R L NOP
agrel- 28 38 6F JSR FOF38
aradg- 63 PLR -
acsa- 38 SEC
B~ ES @] SBC #e31
_arsg- 18 El . BFL +8C7B




N

Wy,

0CRR- 6 SE DEC  $9F
acec- 0o DR BNE  #0Cv9
aC8E- 20 2C 18 JSE  $182C RESET GAINS
acal- AR az LDY 82
gcAI- 2 20 Lby  #¥20
@CAS- ~ BD 7F IF LDA  $IFFF,X )
aCAs- @9 ce | ORA ~ #5£0C8 .
GCAR- 8D 82 CF 3 Fa2
sean- gesc e XS Urop poria, with neW caTns
OCAE- DA F5 BNE  #aCAS
grea- 88 DEY
8CRI- D@ F@ BNE  #8CA3
8CBI- A9 8@ | LDR  #+00
ACES- 85 BR STR  $BE
BoBF- AS BE LDR  $BE .
BCES~ 85 BD STA 48D
BCEE- A9 34 LDR  #$34 TURN OFF Tx
GcED- 8D @l ¢S STA #0561
aece- &l RTS
accl- 88 BRK
acca- o4 ERK ‘
CaccI- aa BRK
- Aced- aa BRK ~
accs-  aa BRK -
geee-  on BRI
ygcc&:,,aa”“”m __BRK - :
WLes- S Al LDA  $A1 -
GCCA- A LSR . 4 HI# ADR-BIN
. BCCR- 4R LSR : '
BQ‘:’,L— 85 AP sTR AR Calculate address for
8GCE- &R AsSL / binary storage, given
8ccF-  an -ASL i HT# et
©BAcpe- 85 B2 STA A2 ‘
CeCnE- A% 27 LDR  ##27
acpd~-  Z8 ‘SEC .,
achs- ES AD SBC - #AD
©BCDF- 85 AD STR  $AD
acps- A9 A7 LDA  #FA7
AcCDB- 25 AC y 8TR . $AC
geob~ - RS AL LDA Al
aopF- 38 7 SEC .
8cEG- E5 AR SBC $A2
GCE2~ F@ BF BEQ  $8CF3
aceEd4~ AR TAY
. BCES- - RS AC LbR  $AC
ACEF-" 38 SEC
" @CES~ C E9 48 SBEC  #%40 ~
BCER- 85 AC STA . #AC
. BCEC-  BA @2 BCS  $0CF8
GCEE- €6 AD DEC  $AD
acFa-  cA DEX
BCFI~ DA F4 BNE  $8CE7
JBLF3- . 6m RIS B
acFd4- oA BRK ’
QoFs- as BRK
GCFE~ a8 BRK
8CFF-- a8 BRK
. acFs- a9 s BRK
acFe-.  @a ERK
8cFA- B8 BRK
BCFB- A9 BRK -
acFc- 6o BRK
ACFp-__ pa ERK : S
ACFE-" RS Al LoA~ R4 HI# 7ADR=XCOR
0GR~ » NE~ e e
lb?ng?— jg ll—.;g - Calculate address for
BLooz- 47 LER accumulating Xcorrels
apaz- @A - ASL > given HT#
apad- 68 ASL ~
apas~ 85 AF STR  $AF S
apar-  an AsL’
apps~- 85 A2 STA  $R=
-apeR- RS AF LDR  $AF
apac-  4n LSR
apap- 18 oLe
_BDOE- &5 AF ADC © $AF



aplas &9 AF STR  $#ARF
aplz- A9 SF LDA  ##5F L5,
apid4- 38 SEC ’
apis- ES5 AF SBC  #AF
apl7- 85 AF STR  $AF
apia- A9 AF LDA  #FAF
aple- 85 RE 5TR  #RE .
apip- A5 Al LDA  #Al
apIF- 38 SEC
apee-  ES A2 SBC  #A2
apRa-  F@ 8rF BEQ  $8D33
ap24- AR TAX . '
ap2s5- A5 RE LDR  $RE . '
apeF- 39 SEC . J
E9 CO SBC #gca . )
85 PE STA .. $AE ‘ '
3 ra a2 CBCS  $8D38 -
BDRE~  C8 AF DEC  $AF
apza-  CH DEN . !
Bp3 (- ° DA Fd BNE  #8D27
BD33- . &a RTS )
ap3d~" @ BRK
apIs-  ae ERK
©apIs-  ea BRE |
L 8pIF- /e BRE -
apzs- a8 BRK
apI9-  aa ERK - ’
‘@pIA- a8 EBRK
- apIE- fa ERK
CapIc- aa BRK
apIn-  an BRE
. @p3E- a8 BRK -
_BDIF-___ @A ERK
T @p4e- A5 Al LbA  #Al : “ADR-AGOR -
© BD4E-  4A LSR —_—
3 Joy 3" -y ) ’ .
‘égi - :’;g l[:i‘g Calculate address for
ap45- -85 AR STA  $AB : accumulating auto correls
- Bp47-  eA ASL given hif
- ap4e-  8R ASL :
apd4e-  8[ AsL )
apdA~ 85 A2 STR  $A2
ap4c- AR 47 CLDA #47
apdE- 38 SEL
© @p4F- . E5 AB SBC $AB : e
apsi- &85 AR 5TA  #AB -
- apsI- A% COF LDR  #$CF
apss- 85 AR STA  #AR i
© BDbSF- - A5 Al LpR  #Al
. P59~ 38 . SEC . !
L @apsp-  ES AR SEC $A2
- ppsc-~ F@ 8F BEQ _ #8DSD
6pSE- AR TAN
apsF- RS AR LDA  $AR
aps)- 38 SEC
apsz-  E9 20 SBC #$28 .
- apsd- 85 AR sTA . $AR
. BDEG- BE B2 BCS  #8D6A
Capes- CE AR DEC  $#AB >
. @psR- €A DEX v
GDER- [B Fd BNE  $8D6|
_apeb-_ &4 RTS
apeE- @l ERK ’
apsF- @8 BRK
. Bbre- oo BRK
Capri-  Ba BRK
- abrz-  an BRK
apr3- a8 BRK
apFd- e BRK
. aprs-  an BRK i -
apFe-  ao BRK
_aprp- aa_ - BRK
apFe- A5 AC LDAR $AC DEC~BIN (convert 1 Ant to
©apFA- 38 SEC ———=  binary)
BorR-~ EFg @8 seL #E08 re-ad just address to binary
apFp~ 85 AC STA  $AC
aprF- Ba az BCS  $8D83



ape| -
Apg3-
apas-
aper-
- apse-
apae-
apap-
apaF-
apaa-
apaz-
apaz-
apas-
aps7-
apea-
ap3B-
apac-
apoE-

- BRRB-

apAl-
gLAZ-
abR3-
ahae-
apAg-
GRS
8RB~
apAb-

BDAF- -

apg| -
appz-

apeg--

appe-
apge-~-
apeR-
apeC-
aDBE-
8oRF-
abrl-
aprI-
apcd-
apcs-
apey-
Bpes-

aprs-’

apca-
apCR-
apee-
-8peh-
8peF-
appg-
appil-
appz-
appa-
app&-
aphr-
appa-
abpa-

appB- -

appC-
appp-
ApLE-
apEe-
apE | -
@DE -
BDET-
@pES-
apER-
@DED-
(@DEF -
apF |-
ADF3-
apFS-
_ BDFF-

GDF 9~
aDF B~
apFD-
_BDFF-

Y

ce
Ag

R
85
AS

- F8

AA
RS
E9
&85
ea

-~

Lo

CA
RS

38
E3
Fa
As
As

18

85
o8
Ee
a8

pa

85

AD
A2
BF
Al
A
BF

Al
48
Al

Fi.

A3
A
arF
AC
18
AC
az
AD

Fif

28

Az
40
aa
aa

A/l
al

Fr

A7

e s o o)
Ta] =) =2

a7

SF IF
F IF
a4

9F IF
40

ag
A&

L

A4
ag
Al
A7
A

_#E40

$AD
BETF
#h2
#SEF
¥R \\
£A0
$0DIE
$A1

$h1
F8D3B

ué,

. calculate data address

$R2
¥apaz
#¥03

FR8
8084

$AC

#¥18
FAC
$8DE|
FRD

#BDR2

$A3

#¢48
#1000
#¥ag

CFRL Y
$apCq

. $ODEE

A3

FA7

FIFF,N

FIFIF.X
F0DEDR

e
FIFIF.N

#20 \_nt#¥ Y

calculate binary address(ht#0) for
given ant# . T

/

add 64 amplitudes

‘N}__u%by.éh = sig

add toZgéZé store

#5400
#3008
$R5

#4000
+h4

#yos
CHALDLY
$A7
£R4

[

convert 64 bytes to
‘\binary

convert B data bytes
“to one "binary byte"|



W7o

-pERR- CA LEN
GEd] - e Fe ENE $FaDFQ
acaz—- 84 A3 STY RS
BEdS- A4 e LDY FRE
acay- RS A4 LA FA4 “
BEGS- 21 ARC STAR  'CERCLY
BEGB- A4 AS LDY FAS
agap- Ce Ae DEC fRE .
BEQF - pe E2 BNE- $8DFZF  _ N
BE] - AS AC LDR $AC : ,
Qe 3- 38 SEC adjust addresses for next ht#
BEI4-  ES 48 SBC  #%40
gEl&6- 85 RC 5TR FHC
gEl 8- Ea a2 BCS FOEIC
TBEIR- e AP DELC FAD
aEC- Ce R2 DEC +R2 -
gE/E- Ce A3 DEC #RA3 T,
BEZG-. DA 25 , EADES >
GE22~ A9 2A . fgg iﬁlﬂng used in OPER 2 for selecting ht#
GE24- 85 2 TR $9E | for XOOR & ACOR ‘
BEZE- 68 RIS - »
BE2P~ 28 FE 8C JSR $8CFE XCOR
@GEZAR- - RZ RI LbA #£81 -
GEZC- @5 BB STA B0
- BEZE- A9 &8 LDA #raa
BEZO- &5 el 51A B
BEZZ- A3 &8 LDPA #+08
BEZS -~ &5 8F £TR ¥3F .
. BEZ&- RS AD LDA  #AD A .
BEZG- &3 B3 5TH ¥BZ ’ ‘
@8EZA- -~ AS AC LbA - $AC
BEZIC- 38 SEC ’ .
8E3D- Eg g2 SEC #¥82
.BEZF- ER NOP ~
QE48- ER Nor
BES 1~ a5 B2 5TR B2 :
BE43-  BO A2 ECS  $PE4T . ! o .
-GE45~ L& BY DEC . $BI i ’
BE4F~ - RE 8A Loy #+07 ] i ‘ -
843~ Bl E2 LA CFB20.Y ll1oad Ant# 4 binary (10bytes) into zero
BE4E- 21 B@ STA  (#BO2:Y | page for'comparing’and rolling
BE4D~ oe : DEY - '
HESE- D Fo ENE FOE4R .
BESH- A2 aa LoA #3200 zexo 2 bytes below this
~BES2~ 85 Rg STH ARG - : (ndtre@dh&)
BESY -~ &8 AHI 5TAa ¥H1 -
BESS- AR 448/ LpR  ##440 lag x 2 #
BESS- 88 Br 5TR . %B7
BESA- Af O3 LDA #+03 Xcorrel # | \
BESC- 85 Be& 5TR B ;}~ '
BESE- RS RAE LbAR FfAE .
. BEEO- o8 B2 TR fEB2
BEc2- HS AF LDA FAF
BEGY - &5 B2 TR $B3
BEBS- RS AD LpA A0
aEsg~- 85 BS STA FEBS
BESH~ RS AC LDA ¥AC
BESC— 18 cLc
gE&D~ 68 la . RpC #el6
BE&F- &5 B4 5TR B4
gE?l‘ [8 a2 BCLC FHEFS
BEF 3~ E& ES INC $ES = ei)] for - a
BEF5- A4 9F LDV #9F S e ta
BEFF- Z aa LDY #¥oo :
. BEFS- Bl B&. LA (FEO MY =
T OEFEB- Fa 22 EEQ £RESF
8BEFD- 31 B4 AND CEB4 2.
BEFF~ 4R LER
pESA- 98 e IEST
EES.-LE’- E:::»‘ ai L;b; #OESS __add the #1's in the result of the "AND",
- BES3- J4A LSk o LINEAR pxogran to save time.
GES24~ 20 9| BCC.  $0EST
pESS- E3 INN
UFQ" 41 LSk .
BESS 20 al BCC $0LSR




QESA-
BESE-
BESC-
GEQE-

BESF-

GES8-
L BEAZ2~
"RES3-
AEQ -
BES6-
BES7-
aESS-
BESA-
QE9B-
AESC-
PESE-
BESF-

‘BEAB- .

BEAZ-
GER4~
8EAS-
BERG-
BEARS-
BEAA-

BERCA -

REFD-
BERE-
AEBH-
AERZ-
BEB -
AEBG-
GEB7-
BEBS-
GEBB-
PEBD-
QEBF-
BEC -
BEC2~
BECH-
QECE-
BECS-
GECA-
@ECC-
GECE-

gEDB- -

BEDZ~

BEDS-

. BEDS-
8EQY-
BEDS-
8EDE~-

BEDD-"

BEDF-
QEE | -
BEEZ-

BEES- |

BEET-
BEES-
AEEB-
BEED-

| GEEF-
9EF | -
GEF3-

. PEFS-

BEF 7~
QEF9-
BEFE-
QEFD-
BEFF-
aral-
aFz-
aFid-
aFag-
BFB3-

£
4R
S
EQ
A
Ll
ES

N2
EQ

26
25

af

al

al

al

al

as

il
e
al
B2

5 B

18
B4
az
5

hed

[N

n2

19

RH"

> Ad

A4
A3

-

[

= Al
Ra

B¥
e

an
9F

R
an
ARG
Al
AC

a2

Ac
az

INN
LSR
BcC
INN
LSR
ecc
INY
LSk
ece

INX -

LSR
ECC
INY
LSR
ECC
INS
DEY!
ENE
Loy
TsA
CLE
ADPC

578
-BCC

DEY

cLe

LeR

ARPC

STAR
LDR
cLc
apc
5TR
acc
IHC
LDAR
SEC
SEC

&7R

BCS
LEC
DEC
ENE
DEC
DEC
BEQ
cLe
ROL
ROL
ROL
ROL
ROL

‘RAL

ROL
ROL
ROL
ROL
ROL
ROL
LpH
cHe
ENE
LDA
STA
LDA
STAR
LDA
5TA
STA
LDA
SEC

. SBC

STR
BCs

¥REeF

"¥PEIZ

¥BESV

FHESE

$RESF

#8ETI
$B7

CHFR2D, 5
‘ ’ j-add #1's to Xcorrel store 1 at proper lag

CEB2N. Y
$OER

CEE2). Y
#50]

(B2 ))“"J»‘

£B4

P

¥B4
FOEEF
$BS
¥B2

#5480
$E2
$OECA
£B3
$EE
FOEFS
$B7
$B7
FOFGF

#AE
£AA
£A2
$AS
$A7
£AES
£AS
£R4
$A3
$A2
fA1
$Aa
$B7
#s20
$6FAC
#50R
£9F
#39F
$B0
#gaQ
£A9 -
#A1
FAC
#E02

FREC
farFac

48,

. -

shift ANB#@ zero page sequence to
the left by 1 bit

ad just addresses etc for +ve lags

~



49,

¥

e

ACOR (caleulate ZAuto correls

¢ I

‘

v

eran- Cé& Ap REC $AD

arac- 4C SR PE - JHFP FOESH

ararF- AS AC LDA $AC ’

8Fll~ e cLc :

BF |2~ 59 @2 . RDC #E@2 \‘ Calculate addressing for
arl4- 85 Ac . 5TR FAC following operation
8rie-  aa a2 BCC  $aFiA ’ '
ari|g- Es AD INC FRD

aria- RS RAD - LbAa $AD

aric- 85 BS TR *BS ,

8FIE- RS AC LeA  $AC ' .
OF28- 38 SEC

arzl- ES ag - SEC #5688

BF23- 85 B4 STR FB4

BF25- BO ag BCS FAF2S

C B8F27- C5 BS DEC F$BS
8Fz29- [a ag Lpy #'f@.ﬁ?\' ,

S%[E;L gll Sg N &-?g }jgg ';J ',:, Transfer ANT#4 store 1 binary
BF2F- . RA2 ag ZDH ;?3-00” to store 2 & zero storg 1
BFZ ]~ 3 By STR CEBG ), ¥

8F33- 88 DEY

GF34- e Fs BNE $OF2E

_bF 36— &8 RTS A

JBF3F-_ @@ BRK o )
BF38- 28 48 8D JSR | ¥oD48

CBF3B-  AS Ap LA  $#RAD , .= for ANT# 1,2,3)
ar3b- 83 AF STR  #AF '

- BF3F- RS RC LDA $RC . .
arFdf- e cLC . ‘

- BF42- &9 BF RDC #¥0E Calculate addresses to binary store
@F 44— 85 AE 5TR ¥RE . . T
8F4e- L8 a2 BCC $0F4R ¢
aF43~ Es AF INC ¥AF

~ BF4A- A5 AF LDA $AF
gF4C- 85 B3 STR $B3 . °
8F4E~ AS RE LDA $RE ’
arsa- 18 oLe . R
ars| - 59 82 ALC | #gor
8rFo3- 85 B2 5TR ' B2
8F55- L8 a2 BCC FOF5Q
gFfr?— ES B3 INC B3 ’
53~ RS az LD 25K
GFSE- 85 B4 sta £ J— auto correl # (ANTH)
8F &0 A2 Al LA #5A1 ’
8FSF- 85 Bo 5TR - ¥BG
OrF&l- . A% @a LbA #¥an
OF&3- 83 B £TA FB]

BFE5-  RA ag LoY  #sag

8F&r- Bl BZ LDA CEBRM Y transfer sequence to zero page

BF&9- 2 BB 5TR CEBAX Y

BFeB- 88 DEY

@F&:‘_C?- Lg Fg ENE FOFEF . .

ggf;‘g: g;: gg lc#g ;fﬁgF rgodi‘i‘ytzerg {age address and zZero
o - -LE o elow

BF72~ A9 8D LDA  #¥00 Ho hytes

BF 7ot~ 85 A/ STR £A8 -

arFre- 85 Al STR A1

BFFg- Ag 2@ LDA #f2a

8FFR- 85 BS sTR B3

8FrFC- A9 @a LDAR #¥an

arF FE- 85 Bs 5TR ¥B& - :

8raa- A8 B8R LDY #3¥0A "AND" ten bytes !

GF32- Bl BG LoA ($BAM, ¥ '

BF84 - Fa ac EER FBF22

CjF {36— JFl RE BHQ CFARED. Y

t—,igg“ '35 Qb l,:g;% #3083 add #1's 4in result of "AND" operation

BEEB- {8 az BCC f8FeF

arap- E& B& INC B85 N

- BFeF- C - LEX - .

. BF28- P FS ENE FOF8A

| BF92- &8 DEY

- OFQ3- pe EDR ENE FEF82
@FR5- A4 BS LDy $BS -

BF37-- Bl RAA LDA CERRIY

. BF8g9- 8 cLc




T Bron-
- OFSC-

@F 9E-
arRa-
8FA| -

- GFRZ-

@FA4-

8FRg~
8FR8-
6FR9-
8FRB-
8FRD-
@FAF~

- GFBI-

GFB3-
BFBS-
OFB6-
BFB7-
AFB9-
AFBE-
BFED-
BFBF-
aFCi-
8FC3-
BFCS~

- BFCT-

BFCa-
6FCA-
BFCC-

CEFCE-

GFpa-

- 8FD2-

8FD3-

. BFD5-

8rFpr-

v BFDQ-
. @FDEB-
L BFDD-

BFDF -

L BFE2-

BFE4~

. BFES-

AFEF-

. BFEZ-.

AFEB-
BFED-
GFEF-
6FF | -

. BFF3-
" BFF4-

BFF&-

- BFFa-
OFFA- -
- BFFC-

OFFE-
1838~

1062~ -

1884~

lage-.

laae-
186A~
188k~
166b-

1oeE-

lgla-
rarz-
1814~

rale-

1818~

S lale-

181B-
181D~
1alF-

crazi-

L 1a2y-
laz2g-

1823~

1825~

1823~
1R~

PR O

MMty ol ~'00 ~ D90 l0'o M
oL

1)
]

]

IR 10RO
oy 0y o

=

b
oy

pa

s
L]

18
&9
as
oa
Ee
RS
18

85

. La

ES
cs
Fa
qc
AS

38

85

BB

Moo~ gn~00—~U

50.

el

B& ARC  $BE
AA 5T CFARM Y
ag .BCC  #BFRE
REY
AA LDA  {#RAI.Y
‘ cLe
al Aapc #¥81
AR 5TA  (¥ARILY
cLe .
A ROL  $R% \
A ROL . #R8
Ar- ROL A7
As RaL ¥/
AS ROL $A5
A4 ROL FH4
NOF . i
NOP _shift™left by 1 bit !
A3 ROL $A3
2 ROL $£A2
ik ROL $R1
AQ ROL $A/ _
BS. DEC  $BS
B3 DEC  #B3 . : T
7 BNE  $0F7C . R .
AE LDAR  ¥RE .
cLe
18 . ARC - ##18 .
AE STR  $RE : ‘
az2 BCC $RFDE |- reset addresses for next q.nt#
AF INL  $AF o
2 LDPR  #B2 _
, cLc )
g AR #¥18
2 C5TA $B2
az2 BCC - ¥OFDE N ’
B3 INC  $B3 -
B4 DEC  ¥B4 _J ’ . N
az BER  $OFE2
b ar JMP FOFSD0
R2 bR $B2
SEC
a . SBC #5118
2 5TR  ¥B2
g2 BLE  $8FED
B3 DEC  #B72 .
Bz LeA . $B3 . .
AF_ STR  #AF L— nodify addresses for following
gz Ler  $B2 operation -
SEC
ag SEC  #%a8
AE 5TR ¥RE
az BCS  $BFFC
AF DEC  $AF
a3 LDA #4687
B4 5TR  #B4
ag LbY  #¢88
AE LpR CFRED Y
12 STR (gp22.Y
3 aa’ LA #¥08
RE TR CFRE Y -,
DEY ;
F5 ENE. #1382 l..move store 2 binary to store i binary
) SEC and zero store 2 binary for ANT#1,2,3
Bz LDR  $B2
1a SBC #¥1a
2 5T $B2
a2 Brs  #1@l1e
B3 DEC  $BZ
SEC '
RE LDR  $RE
ia SBC  #¥18
AE STR ¥RE
a2 BCS #1823
aF DEC  $AF
B DEC  $B4
na BNE  ¥/8886 //
RTS
BEK
ERK
FRK




51-

T leze- A 20 LR #5208 - ]—»—ht# RESET-GAINS
182E- 25 A3 5TR fAR3 ) oS
faza- A8 ae LDA #¥aa
122~ 85 Al 5TA $A1 ' '
1834~ 85 RE 5TR $RE
B35~ AS BE ' LoA $BE
18z8- an RSL -
1839~ ar RSL
183R~ &5 A2 &TR $R2 o # BLOCKS XA
1a3c- Rz @38 LDX #3008 v -
183E- e cLc
183F~ &6 A2 ROR A2 ’
184/- &6 Rl ROR R - £ huTS
{843~ AS AZ LeAR FA3 — , i .
545~ @8 .- RSL ’ Divide 'Zsig by # blocks (truncates)
1846~ A8 TAY% -
184¢7- 38 SEC ‘
1848~ g9 9F IF LbA  FIFSF.Y
jg4B- ES AI SeC fR1 R
184D- 8% A4 . 5TR FR4
184F- 88 DEY )
|358-  BR SF IF LbA FiFSF, ¥ -
1853-~ ES A2 SBC $A2
355~ G -a9 - ECC ¥1368
1857~ Qg 8F IF 5TA FIFSF, Y
lasp-  £08 . INY . '
jgse- A3 A4 LpR - #A4
{asp- a9 9F |F- . STR - #I[FSF.¥ !
(858- 26 AR ROL $Ra Y
1852~ Cha -DEN
1863~ De pe " ENE $183E ' !
jass-. RS A3 LDX $R3

8é7- BD FF IF  LDA  $IFFF, %) _save old gains for O/P to tape
166R- 9D 36 IF  STA  $IF36.X ,

laep- RS ARG LORA $R8
asF- ca b@g - CHFP  #$58 \w
1871~ Ba ap BCS #1888 .
1873~ ED FF IF LDA  £IFFF,N tReset-gains <
la76—- 09 87 CHP  #t87 if 80<4sig =160 leave gain as is,
1ara- Fa |2 O OBER - #1880 otherwise try to move it up or
18¢A-  FE FF IF  INC  $IFFF.N down by one step
1870~ 18 cLc ' ’
larE- 9@ 8c - BCcC  $188C , ‘ [
1asE- 3 Ra CMF #+A8
1882~ 9a pg BCcC 1880
1834~ BD FF.IF LDR . #FIFFF.X -
jagr- Fa a3 EER Flasc
jgg9—~ 'DE FF IF - DEC FIFFF. N _J -
18sc- A A3 LDX - ¥A3
188E- AS AA - LbR FRE e .
jgga- /b 5E IF STR §IFSE.N save sig for O/P to tape
1893~ ce A3 LEC ¥A3 : .
lgas-  pa 99 ENE #1838
1887~ &8 RIS
A@95- _ aa_ ERE N
1ge2—~ RS 4 LDH O N o
18aB-  C9 82 cHP #4802 CHECK-PRL
163D~ pa ot ENE | #10R8  (see flow chart)
dasF-  &@a RTS controls data O/P to and I/P
. lefae- RS C& LDA 02 from PET, and tape recorder
a2~  Da ol BNE  ¥18R5 (data, block gaps, file gaps)
1 B8R4~ 58 RTS
18a5- AS L3 LDA L3
A B8R Fa |4 ‘BEQ $188D
{8A3- A3 1 LDAR #3511
18RB-~ 8D 84 €5 STR $0504 '
1BRE- A8 aa LLR #¥aa ‘
1888~ 8b B4 CS 5TA FL004
|GEZ- . AD 88 5 LDR sCoa8
18RS~ ce Fa CcHP #EFR
1GR&~ Fa F2 -BERQ 1083
1861~ Ce.C3 DEC $C3
1BRC- &a RTS .
16BD- RS C2 LDA 02

_lasF-  C8 IF : CHP H#FIF




i
i
|
z
!
;
s

52,

laci- DA @8 W BNE  $10CE
1ac3- RS 06 LDA  #CE
1acs-  Fa ad BEQR  #IACR
lacy- 2@ 3R 11 JSR  $£113R
18CA- &0 RTS :
1ace- AR B €3 LDA #0341 -
18CE- 22 80 AND #3358
rapa- D@ @l VBNE  $1aD3
lepz- &0 RTS -
1ap3-  RY @a LDA  #$88
1aps~ S 8/ £ STA . $03al
[8p8- 8D 8@ 3 STR fCzZon
18pB~ A9 3C LDA _ #¥3C
18pp- 8D B8] T 5TA  $03A|
JGE@~ 26 RO |1 JSR #11R8
IAE3- RS 02 LbR  fC2
|AES- €3 28 CHP  #%20
1eEs-- pa 27 ENE  £[11@
18ES- A5 5 LDR . ¥C5
|6EB-  F@ as BEQ  $/aFz
|GED- C6 C5 DEC, #C5 ‘
IGEF~ I8 cLe a -
[aFa- 88 21 Bcc #1113 o R
18F2- RS 04 LDA  $Cd L '
16F4~ D@ A ENE %1118
laFe~ RS CF CLDA  £CTF
laFa-  Fa |4 . BEQ  $11BE
I8FA-  AD EE 43 LDA  $43ZER
[6FD~ D@ 8F ‘BNE ~ ¥118E .
laFF-  C& CF DEC  %C7
1iail- 2@ 85 11 JSR . #1185
1ed- 28 IR 11 JSR  #11IA
jler-- EA . NOF
1183-  ER NOP
1169-  ER NOF
116R- ER NOP
118B- 18 cLe _
Iiac- 2@ as BCC #1113
118E- = E6 C3 INC  $03 g
i1ig- 2885 (1 ISR $1185
JII3~ 28 CA Il JSR #licA ) ;
1116-  C& c2 DEC' ~ $0Z
1118-__ &8 . RIS -
Hiig=""aa < BRE - .
{I1R- RI 12 LpA #+12 FILE-GAP
Iic-  8p @4 05 STR $CS84 ——
_IIIF-. Re @@ LDA  #¥a8 : -
L1E1- 80 A4 C5  STA $0584 ' '
1124- AD AA 05 LDA #0568 I o
[127-. C9 Fa CHP  #¥F§ ~
1129~ F@ Fa BEQ #1124 . ,
1126~ A2 a3 CLDY 037 . . ,
(120~  BD L"c IF IE[[’»; ﬁ?grc, 5 “update” initial day #
1za- 25 a8 TR F80. N f
1132~ CA DEX
1133- pa Fa BHE 112D
1135 &n RTS . .
ST13s=" an ERK ~
1137-  aa BRK
l1z8- @@ - ERK
_A1g8- 84 EBRK
I13R~ RS C& L0A  $Cs- . TAPE
1130~ €3 8l CHP #3010 ) GAINS-TO-TAPE
11ZE-  Fa 27 , BER  sllev - —
1146~ A2 i@ LDE  #%l@
1142~  ED DF 43 LDA  $43DF. N put date/time stov;e 2 on tape
[145- 8 85 £5 . STA #0505
I148-  AD @@ CS5  LDA  $C584 - “patch 1 0/P
1146- (2 E@ CHP  #3E@
114D~  F@ F9 EEQ  £1148 .
114F~  CA DEX. .
1158~ DA Fa ENE /142
C'1isa- Az 28 LDY #3280 —
IS4~ BD 55 IF LDR £IFSE.N put sig on tapd ‘
P lISF- @D BE 05 STA FO05PS \
[15A- AR @8 05 LDR  $C508
1ISD- 09 EA CNFP | #%EQ
_1I5F-  Fa Fg EEQ  £115A



53.

1161- A DEX
ez~ [0 Fo ENE  $1154
164~ 08 CE DEC 306 ),
CllEs-  Ed RTS N o
1167~ 2 28 LDY  #£20 _ , .
¢ 1169- . BD 36 IF  LDA  $IEIE, N "Batch 2" O/P
. 116C- 3D 86 C5 STA #0506 :
| 15F~ RD A/ C£5 LDA 0508 L put gain settings on tape
1172~ C9 ER CHP  #1EQ _ '
PlIvd-  FBFR . BER  *¥IIEF :
1176-  CA DEN .
1177~ Do Fa BNE #1189
1179- C€ C8 DEC  #C6&
' 1IFR- . &8 RTS
] ERE
117D~ &8 ERK
CLIFE-, 8a ERK
LIFF- a8 ERE ) ,
l1se- @@ BRK -
[1gi- . an BRK ' g
1182~ @@ ) BRK
l1a3- o8 BRK ' =
M_¢134— a8 BRE .
185~ RZ @ Loy #5518 -
[187- ED 26 IF  LDR  FIF36.X - ZARE 16 -
18A~ 8D BE CS STR 0586 . '
118D~ AD 8@ £5 = LDA  $C508 : 2?E;g;W*GS(pet(yP)
18- (9 Ea CHF  ##E@ - -
1132~ FA F3 BER  #118D
1194~ - R : DEN
1195- DA FE BNE #1187
[197- &8 RIS
[198- pa ' ERK .
liga- @ ERE )
1197~ @8 BRE : -
1136- @@ ERK - . '
[18c~ a8 BRK . : i
lisp-  on BRE. : : =
| 19E~ @@ BRK -
A18F- - aa EBRE - -
| [iAa~ Az 18 Loy #¥i@ ,
| “ A2~ AR @ ©F  LDA 038 READ 16
| 5- 29 89 D - #3550 ‘
: ”g;v_ Fo Fa ggg gf 182 N Accept 16 bytes from Pet
[1A9- AR 88 03 LpR - #o3Ige ' ‘
llac-  9p 26 IF STR $IFES. 8 4 R ]
IIAF- A2 3C LDA~  #33C oL
lIRI- &D @l ¢z STR #0381 : :
1184~ A9 34 . LD #334
C lIBE-  gpal CF STR . £C381 .
11B2- CA ' DEX
{1BA- @ Es - BNE  #11A2
[IEC- AD BB 03 LDA #0388
1IBF~ &g RT3
rice-. @@ BRK
lici-  pa BRE
1ice- a8 BRE >
lica-  on BRE .
[1C4~ a8 BRE
[1C5-  Ba BRE
[1C5~  Ba BRE
1CF- 6o BREK
1ics~ a8 BRE . -
LIog-  pa ERK_
;;Eg_ gg £ ég? #55Q i WRITE 240
lich- E5 C2 SBC #C2 S Transmiy 240 bytes to PET
AICF- @5 Al STA $R1 4—HT# ' !
1o - &D E4 43 sTH $943E4 ¢——put htf in da.te/time store 2 as data is
1104- A9 a8a LDA  #son o/F . :
[IDE~  &ap 8l L3 STR #0331 —
I'ip9- A2 FF © LDA © #¥FF ~
* 1IDB- 8D 8@ CF STR  $C3ad
_1IDE- B2 a0 LDA  #43C




[1EG- 8D @1 C3 STR #0201
HHEZ~ Az 1@ LbY  ##li

HHES- BD DF 43 LDAR  $43DF. X
HEE- &b an eg STR | $C384

date/time store 2 O/P

JIEE- 28 3D I: J5R ~ #1230 )
IIEE- CA - DEX / ,
1IEF- D@ F4 ENE  $1I1ES
CIIFI- 28 FE 8¢ JSR  $HGCFE :
11F4- RS RE LDA  $8E :
liFe- 38 ¢ SEC /
[IFP= ES 28 SEC . #¥90
IIFa- &5 RE 5TR  $RE .
[IFR- B@ 82 ECS  #IIFF 3
[IFD- 8 AF -DEC  $AF
- [IFF~ RS AF LDA  #AF o -
1z@(-  2& SEC | Xcorrel O/P
[282- ES L 3BC #FIC (calculate address from ADR XCOR and
1289- 85 AF STA - #AF adjust for store 2 (Auto & Cross))
1285- AR 0@ LDY  #ir@
1208~ Bl AE LDA  C$REN.Y
|2AA- 8D 8@ CF  STA #0388
lsep- 2@ 30 (2. JSR- 123D
i218- 383 DEY o
1211- D@ FS5 ENE ' $/288 o
1213~ 23 48 60 JSR  @D4a o
1216- RS AR LA $AR
(1218~ 38 SEC . -‘\
2(9- E9 I8 SEC #$18
iZ1B~ 25 AR STR  $AA .
1210~ . BB 82 CBLS #1221
C& AE DEC  $AE
AS AR LDA  $AE . -Auto correl O/P
28 SEC . : '
ES (T SBC #¥/C
85 AR 5TA  #AR
AR 26 LDY  #¢20
Bl AR LDA  ($RANLY
Sp @ 03I STA 0364 . o
28 30 12 ISR #1230 . N
ag , DES! , - S B
DA F5 ENE  $122 // Coe
B8 RTS - - L v
Ba : ERK )
a8 ERE -
B ERE
o ERE ' .
aa ERK _ : A -
ag BRK S
| ] 5] BRE :
| 1220~ A9 IC LDA £30 - PIA-INIT
| [23F- &b @l [3 STR 0301 oos—
| 1242~ A9 74 LDA  #$34

|244- &b @l

N 5TAR ¥C3E!
1247-.  AD 81 [,

LR FLFal

af 0a)

|24R~ 29 88 AND - #¥38 '
1240~ F@ F2 EEQ  $1247 ;
[4E- AR 88 03I  LDPA #0364
L IZ51~ &R RTS
[252- Ad TERK
- 1253 i ERK
1254~ @8 » BRK
1255-  an ERK
1256~ 88 BRK
1257  ©a . BRK '
1253- B8 BRK . :
1259~ @i ERK : ' ~ '
125A~ A8 BRK
1256~ @@ ERK ' .
WE Y BRK .
125D~ A9 OC LDA  #3ar0 '
125F- &5 80 STA  $aC - Dsar |
1261- A% 65 LDR  #¢85 © PUT 17 "bytes" ON SCREEN
e a5 ab sTA #0D ’ address fA,PB must be set
lzea Ra 11 Loy #ell manually when program is
1267~ Bl 0A LDA  <§8ANY loaded ‘

268~ 28 @F AND #¥+0F




i
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|26~ 82 Ba " ORA #EED
1260~ 81 ac STH C#A0), ¢
126F-  @n DEY
1276~ D@ FS ENE  $1267
JEFE- A RIS
273- oo ERK
2rd- oA ERK o
1275 20 BA 12 JSR ¥IZERA WAL (HOT & SUBROUTINE)
275- D@ @83 ENE  £127D
SFR- 40 82 89 JHP #8982 For manual operations
27— c2 pr CHE H#ED7 e while .system is running
ZFF-  F@ Az EEG  £1284 '
281~ 40 8z A9 JHE #8982 . ,
28d- &b g 85 5TR Fa5a0c store "H" on screen
|z87- 28 BR 12 JSR  $12BA
1Z8A- €9 CS CMP  #$05 —— “E
280~ o DO A5 ENE #1294 . .
I28E- 28 DF 12 JSR #IZD7 W= WAIT
1291~ 4C &7 12 JHP #1287 . E=END OF TAPE
FRB B B J SR 2B _ S= START
12ap- C2 D3 CMP #FD32 —ng", . (1e return from
1293~ DA ag BNE  $/2R3 s ~ "N
2eb- A% Ag ¢ Lpa . ##A@ - . Me initiate manual
I23p- 80 ec 85 STR sasec_j— b record
126~ 40 A2 83 NP #0982 -
12RZ- €9 CD CHP  #3CD o -
12A5- DA EB ENE #1287 -
IZAF- A9 AE LOR  #¥AA wfu
|2A9- 8D BC A5 STR #8500
IZAC- 40 BF 89 - JHMP  $AS0F
N EG T ERK -
1286~  aa, ERK :
(zel- 8@ ERK
EEE- aa \ BRK
12R3- A8 ERK
12B4- © a8 ERK ‘ .
|265-  ag _BRK h
I2EE- @8 ERK ~
1287~ @A BRK
IZB2- A8 ERK - N
P9~ BB ERK
TlEsA- T 28 28 Ag JSR #9928 4— update” KEY
|2BD- A2 88 LDA  #f60 = )
IZEF- 20 @9 ca EIT  £Co0a if no key pressed then
jEee- 18 a8 EPL  $12CC accun = 0 .
j20d- AR B8 DA LDA T $Casa
1207~ 2C 1@ 0B BIT #0818
12CA- B2 &4 TRA #3288 .
1200~ £8 RTS
[2C0- - 88 ERK
|2CE- @8 ERE
12CF- 88 ERK .
L2pa-  aa ERK
1200~ 8a ERK
12p2- @8 ERK
1203~ 88 ERK )
12p4- @@ BRE
1205~ &8 ERK
WE -ERK
“lapv- R 1A LDy #5189 END OF TAPE
1208~ AR a8 LDA  #¥e8 —
12pE-=  ED BS £S5 STR $0585 put 16 bytes (0's) and a
1 20E- Al 38 L5 LA EINIs] file gap on tape
IZEI- . C8 Ef CHP  #¥EQ
|2E3- F@ F2 BEQ  3|2DE

12ES-
12EE-
1ZES-
2EB-
1ZED-
12EF -

NEIE

12F 3~

laFg-""

12F5-

1

DEX
ENE
JER
LoAR
5TR
LbA
57R,

RIS .

£12DE /
£111A
4502

L$0d

#tal
05

pa F3
28 IR
A? 8
&5 04
Ag al
&s .o
&a
]
ag

ERK
ERK
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APPENDIX B

Theory of binary correlation

Calculation of correlation coefficient from‘number of 1-matches
Correction to binary correlation (Gaussian amplitude distribution)
Effect of overloading on correction function (Gaussian)

Test of correction function on Rayleigh distributed data

Turther comments on the binary method
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1, Calculation of correlation from # 1-matches

The correlation coefficient is defined by:

k< |

p o oy -
JZ -33(# -7

where x and y are elements of the same (auto correlation) or different (cross

correlation) fading sequences, and there may be some lag between x and y

measurements.

[ X )

r y T non-zero lag

zero lag

Fig, 1

If the elements x and y are binary (i.e. O or 1), then Zxy
is given directly by the results of the 'AND' operation; and so
Xy = (# 1-matches)/(N-{ ), where N is the total number of samples in a sequence
and ﬁ is the lag., Also x = Z:x/N, where Zx 1is the number of ones in the
sequence ; and ;2 = ,Zx?/N, where §:x2 is again the number of ones (since x can
only be O or 1) . The number of 1's could be counted in each sequence separately,
howéver, 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 < $N. Thus, if a, is the number of

1-matches ( jjxy), and ay is the number of 1's in any sequence (Z:x), the

correlation coefficient is:

a2

o 71

S B
P
4 _ 41

N N
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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 converted to binary with respect to their
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) distri=
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):

_ 1 S G S 2
£(x,y) = m xp{ 2(1_()2)( 2€xy+y)}

where P 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:

[=%) [2e)
P(X>0,Y50) = g g f(x,y)dydx
x=0 ¥ y=0

If polar coordinates are used (x=r cos® , y=r sin® ) the integral is reduced to
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( ) 1 J‘% [w {—rz(l—fsin 26)}
P(X>0, Y>0) = - e r dr 460
’ ZTF:;i-—fz 6=0/ r=0 Xp 2(1—f2)

A further change of variable ¥ :==r2, d§ =2rdr, and integration o:t‘ the

inner integral leaves:

— T
2 —
P(X>0, Y>0) =—118—f 2 1 3¢ \
2T “8=0 (1-pPsin 26) W rdrde

Then let o = 26 1 . | E \\\
P(X>0, Y>0) V——-E—Z-/E —1 4w \\\S \
‘ =0
1

Fig,

(This last integral is taken from math tables). The identity

—1( a~b )

tan—l(a)— tan-i(b) = Toh

is used to obtain: ' .
_1 -1/1+
P(X>0, Y>0) = < tan /-—————1_P

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 X>0 Y' = 1 if Y20 0 | 1 )tot.
X* =0 if X<0 Y' = 0 if ¥<0 Y'=0| a | ¢ 32.
Figure 2 shows the joint probability function of X',Y'. 11 b | d 32'
Here d = P(X>0, Y>0), Since a Gaussian distribution tot. ';,' '21
has been assumed, the marginal probabilities are Fig. 2
P(X>0)=P(X<0)=P(Y>0)=P(¥<0)= 4, (It is easy to show that a=d and b=c).
The cross correlation between X' and Y' is then:
I s U U 4 8 —(1)? s

[z w2l 2 Jo -7 - @7



Thuss e
Py -1 ,1+
(J = iF tan 1;;63 -1

This can be re-arranged to give

F== sinig P'

60,

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 receiver

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

of the Gaussian, Thus the binary sequence will have more
ones than zeroes, and thus a mean > 3., Alternatively

non-linearity of the type shown in Fig.2 will skew

the distribution towards low amplitudes (assuming

no overloading occurs) resulting in a mean <1,

Such skewing occurs naturally in a Rayleigh distri-

bution, and a later section will try to answer the

present question in this case.

Here, the procedure is to choose a value, € ,

Amplitude
histogram

)
)
I
1.
A

Fig. 1

4

Receiver
calidration

Rx output

Rx input

FPig, 2

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>e€, Y>€ ).

p>0 PO p<o

| RGN
S - N\

contours of
f(xoy)

Figo.. 3

Tt 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. L), and the binary fo, £y
correlation is: N

P .>)—m2 l/
p e 7,

£ &

@ pto ‘

where: P = J g f(x,y)dydx. Unfortunately Fig, U
x=€/y=¢

when € % 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-
ly low). Values of € between Il

sinT¢'
were used; however, instead of 'EP

0.5

¥

{ '‘m=0.21

gquoting € , m is given since it m=0.84

is directly available in the

experimental situation. Fig. 5
. T

shows a plot of f vs, sin 5

for +ve f and several values

of m. The difference between , 0 0.5 1

the ideal and overloaded 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 functioh works when the data

are Rayleigh distributed, pairs of sequences X and Y were constructed as follows:

2 2
Xi—/(ai+Kei) +(bi+Kfi)

a 2 2
Yi—/(ci+Kei) +(di+Kfi)

where a,, b,, etc. are independent T
random values taken from a Gaussian -
distribution, This definition results

in a non-zero expected correlation

[y ]
o
T

between X and Y while leaving them

Rayleigh distributed, The expecta-

% occurrence

-—
o
T

tion value of correlation depends on

K, which has been chosen to be 2 for

this test. 200 pairs of sequences 0 1

P/sin e

(100 points each) were set up and T
correlated before and after conversion

to binary (with respect to the mean) .
20

Histograms of the ratio of the actual

to corrected binary correlations , and

°/ Occurrence

the actual correlations are shown in 10F

Fig. 1. Although there is some spread

in the corrected values, there is no . _1“1

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

I
a) The binary correlation, f s has been defined as:

, 2
P,.-m
S %

T n(1-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
! P..-mmn

/9 i3 i3

157 jﬁi(i—mi)mj(i—mjf

p ,
where /oij is the correlation between binary sequences from antemmna 1 and j; how-~

/
ever, if P is not very sensitive to changes in m, the first definition should
be sufficient since all antemnas should see similar amplitude distributions (and
i
therefore similar values of m). A plot of F (and f) = sinT—;-?l ) versus P

and m is shown in Fig, 1.

0 #1's 64N
1,0 T T T T T T ¥ Y /,-‘-’,’—-, 54(N”2)
(3'= P-m2 ’/” /,'l
- m({1-m) e=1 ,/’ oA T
. IL [ rd
P=sin P 2 p=02/ i
/ / !
4 ’
7/
- v :_1 -1
// /l f //
L / / - Ed
’ /
P / ,/ | i-matches
0.5r ,/ / / i
/ / /
" / / / ~
/ / /
¢ / /
L / / / 4
/ / /
' / i
A i P=0 +/~f=-1 -
/ / //
L 7/ ya y o
/ 4
/ - -
0 i ) 3 4 i 1 i L 0
0 0.5 1.0
m
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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 > Zmz—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)

i
m.20.5 , and F is relatively insensitive to small errors in m. However, if there

is serious overloading, m will generally increase and Fig. 1 shows that fl

becomes more 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 m.,mj may move-the whole correlation curve up or down (with only small

€1

changes in shape) depending on whether m is less or greater than

m.m.. This
1]

shifting is seen quite often in badly overloaded data (Fig. 2) although a

direct connection to differences in m, » mj etc, has not been proven as jyet.

b T TTE T Y Ll

-
-

st
- -,

e 2T v

Fig, 2

Rean Auto Cerrelation

108Km
112Km
115Km
121 Km
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In a computor simulation of the binary correlation process on treal datalwhich
used separate sequence means, this problem didn’t occur at all. On a separate
point, if m, and mj are different but m is used to find f’, then values > 1
or < -1 are possible; however, the correction through the sin’function will
reduce the limits to 1,
Other information which can be deduced from Fig, 1 is the expected

resolution in 6’( or f ); how likely are exactly equal adjacent values of

f (see the discussion in Appendix C, 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 L 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 m=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 sintgel 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 E’ . 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 antenna. 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) Tt 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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Pet program details

Description of Pet analysis

Correction to time delays for antenna cycling
Weighted least squares fit to time delays
Poor man's full correlation analysis (PMFCA)
Machine language subroutine

Input/output memory locations

Listing of BASIC program

670
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1. Pet analysis
The input to the Pet computer is the number of l-matches at each of 32 lags
(-16 to +15) for the three cross correlations (cij; 1=1,32, j=1,3) and the sum
(over three antennas) of the number of l-matches for 16 lags (0 to 15) for the
auto correlation (Ai; 1=0,15). The conversion of thes¢ values to correct corre-
lation values has been described in Appendix B (pg. 58 ) and the relevant equations

are repeated below,

‘o = sin.-rz-r(’

C, »
ij m2
L} B N_l .
where: P == , (cross correlation)
m(1-m)
.2
or: F Y CF - (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 Al 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 ff is used in place of f’ until an accurate
value is required, since time is at’a premium.

The program (see listing on pg. 79 ) falls into nine sébtions, 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 4v3 (in the senée L4 to 3 since t43 is
being used), 4v2, and 4vl, 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. 72 ). 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
(pg. 77).
b) Data input
The locations of the incoming and outgoing data are shown in Section 6

(pg. 78 ). The data ( which apply to a single height) are read from these
locations and put in the appropriate matrices.
¢c) Fast fading test and definition of one point in the mean auto correlation

F is calculated for increasing lag (1 to 5) until it is less than CC,
If f)< CC at the first lag, the record is rejected for fast fading (i.e, noise).
If (3 & CC , 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 fj to fall to

| CC., Under the Gaussian assumption 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 adjacent values at a peak camnot 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 P P

occur. The present resolution (8 /}_,/L\\\\\ |

blocks/record) is about 0.008 (see -~ *‘////_— ~
lag lag

Appendix B, Section 5, pg. 63 for

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 F'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 IX 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 seguence.
L P oo > 18y then ( is 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 correlation and one in each of the others, then oné of the two com-
binations of peaks must ﬁave 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 maximum
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 NTID, the
resulting time delays will be shifted only slightly from the originals. The orig-
inal $)max 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 forthis purpose since it is better defined under experimental
conditions than the widths of the cross correlation 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, "O 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



Apple;binary [ 3 ]
a peak in the 4v3 cross correlation (1ag -16 11lus.) : l 4 ]

exactly at zero lag (nominal), Since

/5

antenna #3 is sampled 0,133 sec before

Apple: Auto&
Cxp*o-:,-tora 2 [ 32X2bytes J

#4, this means that the ‘event' must ///’__’__—,,//
have occurred in #3 and moved to #4

P c1,1),
53§f§z‘§°§2.1n. | 32 elements |
in 0.133 sec (although nominally v3) [/ cve 0leg sve

c(1,I1) I=1,32 —
they occur simultaneously)- i.e. the

pattern moves from #3 to #4., Thus if Fige 1
34 (the time taken for the pattern to move from #3 to #4) is the nominal value,

the corrected value is:

t34 = tén + 0,133 sec ,
similaxly: tzu = té4 + 2x0,133 sec,
and: t14 = i“ + 3x0.133 sec .

But, by the definition of negative lag in the sketch, we are actually measuring
t&B etc. (not t§4) - since a peak at negative lag indicates that the 'event'
happened in #3 before #4. Therefore, since t&B = = t§4 , the required correction
iss
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 t,

(given by the position of the maximum in the cross correlation) is taken 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:

d.
-
il
=
Q
o]
0
~
<
'..J-
1
-
o
e

¢a (d. JsinY, ) .

Il
/\
pJ
O
o]
n
-é
\./
+



Let _ -

_ . . - .
cos ¢a t1 dic:os\i)1 disln\Pi
V L) L[] .
B al 1 ] . .
= ’ Y= . ’ X= . . .

Sj.n ¢a o . .

] Va ] ] tn _dncoslpn dnsinlyn;

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):

B= (xTx)1xTy

This solution minimizes the squared error in the time delays, which is

T
Te® = (xB- V)T(xB-1).

If X and Y are modified according to:

R 01

yg =93Py
before solving for p y the squared error in time delays is effectively weighted
by ei « 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.

4, Poor man's FCA
This section derives a set of equations for determining FCA parameters from

Jjust the positions, t y and the values of the.maxima, e y in the three
maxy : , maxj

cross correlations, and one point, (ta’ ea)’ from the mean auto correlation,

The assumptions are that the correlation function is Gaussian, and the NTD=0,



Fig. 1 describes the general
antenna arrangement. The direction
given to each pair defines the sign

of t ; 1l.e. 2 pattern moving in
maxj

the direction of the arrow éives a

Antenna drray

Fig. 1

positive delay.

The auto correlation is given

by:
2 .2
e(0,0,t) - exp _%[VZ( cos (¢2—e) 4+ sin (fz—e))_l__l_z_]tz v (1)
Let
0 -V coszifz—el . sinz(zsz-az N _1cE : ce(2)
Then P(0,0,4) = exp (-3at%), e (3)

and Q can be found from one point on the auto correlation:

il PR o)
2
t
a

The cross correlations are given by:

(4,cos(Y;- 6 )-Veos(P- 8 )t)?

(a,p,it) = exp |3 2

+(disin('\Pi- 8 )-Vsin( (- 6)t)?

b2
2
t
+ e)
c
where the antenna pair and direction N
Y §
are defined by di and‘\pi as shown in "‘\\¢ Y
. —~e\‘A?\\\ v
Fig, 1. The other parameters are the é
/
axes of the characteristic ellipse(a,b), 2
S E
the characteristic time (c), the true \ b*
*~ contour of oonst,
velocity (V), the tilt angle (6 ) of "P‘(‘?:},.g‘ﬁ”l'
the ellipse, and the drift direction FCA parameters

Fig. 2

7.



((f)). These are shown in Fig. 2.
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Then for the ith antenna pair, % . 1s found by setting the derivative of

maxi
(5) equal to zero.

vd, cos( q)~ 8 )cos(‘\{)i— 9) . Sil’l(¢ - 6 )sin( w_i—@ )

Jf'maxi = Q a2 b2
This is substituted into (4) to get P o
i
2 . 2
o [ cos (’\pi—e) sin (Wi—a) 2
~21n P = d + - Qt
max; i aZ b2 maxs
Now define —Zln() +Q 2
maxi maxi
m, =
i d?_

il

r;bz (cosz(\pi-e) + sin (Y- 8)x"

1l

where r = a/b, and let m, . = m,-m..,
i3 i3

Then the solution for the pattern parameters is:

mBZCOSZ\Pl + m13c052 \{Jz + nlzicosZ‘\;J3

tan(28) =
—(171325'11r12'\g,\1 + miBSinZ'l})z + m,, sin2 \93)
2 2
2 _ mycos (\\)2— 0) ~m,cos ('\Qi—- 9)
1—r2 ) m,
21
3| L
, 2| 2"t .
P = —=L , a% =17
m1+m2+m3

The drift velocity is found from equation (6) for i=1,2.

d.?COS('\{)Z— 8) - tzdicos( '\.\)1— 0) (ﬁ
2

t
tan(-6) = t;disin(wi"e) =5, Qe Yym 0)

ve s (6)

oo (7)

... (8)

Y vee(9)

0o (10)
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Qt,
V= - [cos(lﬁ*e Jeos(Y,-0) sin(@- e)sin('\{)l-e)} (1)
1 5 + .
a b
where t, = t . Then ¢ is found from equation (1):
1 maxs
1
o (12)
: Q- V2[0082(¢— ) + sin2(¢- 9)]
az b2

If az, b2, or 02 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 egn. 11) divided by 2.

Table 1.

antenna parameters: d1=d2=d3=156m; 491=21Oo,1#2=9OO,QV3=3300

input data solution
ta=1.066 sec Q = 0.53
- a = 97.4m
Pa_o'74 b = 56.8m
£t =-2,055,2.84s,-.79s 6 =158
maxy oo orTTTre \é =16 bém/ s (drift)
- = 90
e, ~0+1710425,0.31 O




ADDRESS

Dizg
826

HIEX

5. Pet Machine Language routine

PROGRAM

HEX DEC ASSEM.

A9 FF 169 255 LDA #$FF }
8D 43 E8 141 67 232 STA $E8473

A2 1§ 162 16 LDX #$1p

BD EF 1IF 189 239 31 LDA $1FEF,X

8D 41 E8 141 65 232 STA $E841

A9 EA 169 234 LDA #$EA

8D 4C E8 141 76 232 STA $ES4C

A9 DA 169 218 LDA #$DA

8D 4C E8 141 76 232 STA $ESLC

AD 4D E8 173 77 232 LDA $E84D

29 f2 b2 AND #$p2

Fg§ F9 240 249 BEQ $p351

CA 202 DEX

Dp E6 208 230 BNE $p341 J
AD 41 E8 173 65 232 LDA $E8L1 3\
A9 pp 169 0 LDA #$pp

8D 43 E8 141 67 232 STA $E8473

A2 TP 162 240 LDX #$Fp

A9 EA 169 234 LDA #$EA

8D 4C E8 141 76 232 STA $E84C

AD 4D E8 173 77 232 LDA $EBUD

29 g2 b1 2 AND; #$p2

Fg F9 250 249 BEQ $p36A

Ad 41 E8 173 65 232 LDA $E841

9D FF 1E 157 255 130 STA $1EFF,X

A9 EA 169 234 LDA #$EA

9D 4C E8 141 76 232 STA $EBLC

A9 DA 169 218 LDA #$DA

8D 4C E8 141 76 232 STA $E8LC

CA 202 DEX

Dg E6 208 230 BNE $@36A ]
AD 41 E8 173 65 232 LDA $E841 ,/
60 96 RTS

77,

OUTPUT $1¢bytes

INPUT $Fpbytes



VARIABLE
AR AINAS bt
HT#
SPARE
SPARE
NTD
REDUCED TAG
VoruE H
L
H
L

:

pTRUE

|
o
|

b o]

o

¥ T
T T ?
7

3/o Imd
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Input/output memory locations

TOCATION .
8191 (1FFF)
8190
8189
8188
8187
8186
8185
3184
8133
8182
8181
8180

6179
8178

8177
8176

MBLK
DELAY
GSEP
CLOCKTN
HI#

I/1 174

8175
8174
8173
8172
8171
8176
8169

8168
8167
8166
8165
Bi6h
8163
8162
8161
8168

(1FEF)

CORRELS

uv3

Wz

Lyt

£ AUTO
CORREL

T |

i

Nt

a/t |

///A~16 lag

8159
L {byte oxder
for each
|1 |1ag

/

F
8095
8031

/Olag

7967

| 17936 (1Fpg)
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7. _Pet Program: version 6d

18 REM-FHFCA FOR REALTIME WINDS
20 DIMCCF. 320, MO0, MNCE. 200 T
30 D=|55:F=57. 29578 P1=S900F
46 DE=DHD ] 2 ~
56 N4=pHS
66 UI=005¢
7O VI =SINCEHF] 3
50 Toe Sa7ipre 4oL
2 REM N=#SANFLES, T
3,255, 141.67
: ,213,14

“LFU&L LNT

BCH B I B IO
41;21£4ﬁ
239141,
4'[‘*[-:&"'.

DUAEI':~ lﬁEE;S
FORI=ZE

FERDS

FOKETL . XX

“TI

={ISRC NN

k=355

FORI=ITOZ

FORJ=!TOZZ

o0 I, JI=PEEECK =] 2 205+FEEKCK )}
f"“'}.. -.:'

L Py — D g Gy~ r;;.

W P DT T e =

O B g Tl o~ 05 R

[STSRSENRNENE

35 HNEXT.
37 ONESTI
JE FORI=ITOS AL )= PEEKC K M ESESFEERCK= 3053 i K=k=2 : NENTT

o

FORI=ITOIE

OO SNIREN

1
1
i
]
]

R4 8 Y
) f/LJ+D deIW MRE=LICT] S +FOECTE 2 B HT =43+ 24D S 2 N=D0i) 2 hesd
TFHTHoA S THENPR INT "DoT= "2 s HRY S et s "= 3
FRINT'HT="; HTX: "SIG": FEEKCR 1630, "Gi=" s FEEKC 2|62

3 S=@:NT=255 R
IFRC ] = NTH&NNT=”=4 GaT
Fl=AC 380 ] 3NAN-A2=AC
§=2 |
FORI=ITOZ.
sE=CL0l, ’".f "1 I“I’ ‘RE

LSRG RS N

Lo RN TN ) S TN

G
T Ty

S e e M M e Sl T e e, e e e e S v Ty T S T e, e e e

-
A
€I
-~
-
.\/
™
—

SV N LR

OGN §

|
r’"""L‘”\

Ty 1y Ty iy Ty ’.2 :Jl L an
N

q\t:,r

MO T asCN=T+] 2=A1 )"H23)

L4

e by Il i,
Lo I IR RO Rt RO UV R A

(d) | (e)

RS

&7 TH CI-2 TS5 RA=SE: 0
€39 IFI>ZTHENT @

FOE PRINT"FF": IN=F:GOTA
rla TH CI-2+(S0=-00 3 W Eh-
2’3 -\n” "YT}‘“‘-}” 4”

eI KL—I :30Ta758

FA NEESINC | SFERsNA ) RL=TA+CCLOGE KB -2 2 LOGERA D 1 TE+2
r4l RL= INTLRL+n S ’ »

P45 IFRLMISTHENRL=!3S




—~~
@
~

(8)

"

S R

REM-FIND FERES
Mi=I17-RL
Me=1&+FL
FORI=ITOZ
M=@:R{I.23=0
FORJ=MITOMZ

s=00 1. J"IFJCN*RITHENS#L
CIFSE=00 L T~ JTHENSYE
IFS<CC I, J+1 YTHENSdA
M=fi+1 : IFM=1THEN23E
IFS<=R{ I, I AZTHENS3H
PRC T 23=MECT Ny RCTLE
JFSORCTILZXTHENMSC T 2.
GQTD“4u

MNCT.Fa=d: 28T, =S
HE.-.TJ .
Mo T a=M
Wc”TI

GOSUR | £0a
IFI“-:T EHGO
IFIXN=2THENGOTOS
P'IINT MX(i 1); X(

o5

I

o~
e

-,
(]

] =y
S

£nm

Py — O 3t
e U T T

0 6o 0 0

s ) o] )

R¢ I 3=5:50T0248

?:l L2}
BATEE ] 2 faf P 0

K NN
2

i

L 0 0 g G0 0 0

YA
1 ONY
R I ¢

Oy L

v'.l:,n-_.p‘:‘;x”

'."No_J..

N

e e ) R

N

U"DI

?“th*H+&h¥

ST I
R ML
"+ 4 fU-

e et iy S g — ~.

1= G un

R g SN 2} ‘_:-1 [NEAERESEN)
o

iT'ia VT NT&F‘T..'.. zrmH N IHTCES Y; INTCTL )i INTCTO# 18018

] PR INTIECA"
@ REM END OF FCA
1@ GOTOZ188 )
29 REM SRCTAN C¥wx). @ TO Je8
1426 IFNCMATHEN] 458

——

— b

4448 H—Qﬁf';-HuN'”7 30Tal 564 )
54;@ R=ATNC WS JP+38 fk'—'UV’V'*'I+HLNk‘?’5
1528 Al=R-F
1518 RETURN
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REN
FORK=1TDZ
IFHE Y =3THEN FPIHT
TFMOKIZETHENNIK .
M=t
;:,,; J=1TaMH: ME
I L' I\:N "l RER W
9,_ PIHYI 2B
5:5»::-4,' +z2

'JgaLxTHEuh

i
-
;

'I, g=
i 4:£' -’T:‘
TFENT> 1T
IR=5:NT=
Ti=T( . b
RETURN
REHM
T

-~

UERQUTINE HEED FOR

Y N-n

ATHENFRINTENTT WEED"iK

Gt

AIRLOS .

TGS

FHFCA
K> IR=4

R e

K:IR=

N=[:RETURN

N
HSARTAE

[ T2y XNA2 Y

I":-.;':E : EETL,R,J

il

_1'41 41-’

Yi:NEXTK

530 .—-:>+-

Py
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(32 he
LR#L

LR#2,3
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APPENDIX D
Tape output format

One tape block (592 bytes) constitutes the results of a full wind record
ights). It is read in 16 byte "logical records" (LR).

gives, in order, day#(units), day#(tens), day#(hundreds),hours(units),
hours(tens), minutes(units),minutes(tens) in GMT; the number of blocks

per wind record (1 block = 34 sec at present; i.e. 256 pulses at 7.5 Hz.);
and three parameters which define the heights recorded., The first (DLY)
gives the nominal delay before the first height gate according to:

Ly +5xDLY¥1 = program delay in M sec (assuming that the branches in the
interrupt routine do not cross page boundaries)- the uncertainty is in the
*reaction time® of the Apple to an interrupt. Because of equipment design
(see Chapter 3, pg. 10) the actual delay before the first height gate is
D= INT((44+5xDLY+1-10)/20)x20+30 usec (where INT means ® the integer part of®),
and there is no uncertainty in the position of the first height gate. Thus
the first height gate (measured with respect to the leading edge of the
transmitter pulse) is at Dx(3/20)-2 Km (the 2 Km accounts for the travel
time to the transmitter). The second, GSEP, defines the gate separation;

#8 gives 3 Km (see Chapter 3, pg. 10). The third, CLKIN, defines a delay
which must allow the clocking in of exactly 64 height gates (i.e. it
depends on the gate separation): delay = 24+CLKINX63/AS€C. This is best
set by counting the gates on an oscilloscope. The last five bytes are free,
but they are only accessed from the Apple (before any winds are calculated)
and in this sense are not very useful., In future they will be used to feed
more information to the Pet,

: gives the average of the average signal in each block for the lowest to

highest height gate,
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LR#L4,5 t gives the gain setting (O=lowest gain, to 7= highest gain) for each
height gate (lowest to highest).

LR#6-37 ¢ gives the wind results from each height (#0 to #31; referred to in some
places as #1 to #32). These are the direct output of the Pet. The present
output in each LR is as follows:

Byte#1 : height number (0-31), This is essentially a free byte since the heights
are always in the same order, however it has been used to advantage in
reconstructing data recorded on a less than perfect tape machine.

Byte#2,3 : hour and minute., These are also redundant, and may not be relied
upon in future modifications,

Byte#4 : If this is 0-200 it is the value of the NTDx200 (for the largest
peaks in the cross correlations). -If it is 254, the record was rejected
due to constant input signal, If ;t is 255, the NTD was not calculated
elther because the record was rejected for fast fading, or at 1eas£'one
cross correlation did not have peaks of sufficient size (i.e.>0.1) to
define a time delay.

Byte#5 : is the reduced lag used for finding peaks- a value of 16 (now 15)

means that no such reduction was possible,

Byte#6,7 : glves the true drift velocity (36x256+B7) in m/s. Since a true
velocity > 256m/s.is very unlikely (and probably spurious if it does occur),
#6 could be regarded as a free byte, or could be used to increase the
accuracy of the output value.

Byte#8,9 : gives the true drift direction in degrees (0-360) East of North;

96 = Bax256+39 degrees. |

Byte#10,11 : gives the major axis of the characteristic ellipse (at P=0.61)

on the ground ; A = Biox256+B11 metres.

Byte#12,13 : gives the minor axis of the characteristic ellipse; B=B12x256+B13.
Byte#14 : gives the tilt angle of the major axis of the characteristic ellipse

in degrees East of North (0-180),
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Byte#15 : gives the characteristic time ( at f>=0.61) in seconds times 10,
(a value » 256 is set equal to 256),

Byte#16 : is a message which indicates reasons for rejection of.dgta ~ or
the process by which data was accepted. It is the sum of three message
indicators at present; IER=IS+IRx4+IXx32 (IS=0-3,IR=0-5,IX=0-7), and there

is some redundancy which may be cleared up a a later date. The important

configurations are listed:

IX=7: data rejected for fast fading
IX=1,2 : No local peaks»0.1 in at least one cross correlation

IX=3,4 or IX=0 and IR=4 : NTD too high so data rejected
IR=5 : two or more peaks in two or more cross correlations but NTD<€O0,1

so FCA attempted,
IX=5,6 : FCA attempted, but no acceptable solution found,
IX=0 and NTD#254 : FCA solution found.

Note that if no acceptable FCA solution has been found, bytes#6-15 are zero.

Pg.85 shows a dump of a tape block.




Dump of one tape block(HEX)

#blocks/rec (is now #8)

L

05040404
\15191111

28888C41
Q7070707

1F353737
15100A04
07070706

50220092

31231D1¢#
03030204
02020204

(?7070707

210105000
1233323933
10000000
10000000
10033002
10000000

01010406
J30230030
00n00000
30000000
30330329
Q0700000

06060606
200000ED
000000ED
000000E0
00900JF)
000000F0

100000090

100060800

00000000

51006500

000000EQ

0009000 000000\

15 , 17040000 00000000

16 QU 10400000 00200000

//kf OR16 000000 00000090

NTDx200 .~ 18 hlo 10020000 00000C00
15 10002001 13208209

0 10002021 232)69))

Reduced lag” 21
)

10002009

00203000

2 32EC 10000000 00200090 000006
2 1463265 1733033 12332333 222N
4 21622FF 10000020 J0000CIH3 000003%
VUmue) , 25 121632%F 10030000 Q0200090 000000VD
26 1416323C 10001800 62)09F)) 79381329
(10 m/s) 27 15163200 10001100 55008800 6EOF1900
16163207 10001000 62008C00 5SE0B1700!
2 17163210 10921833 59304570 51901400,
30 1816321F 10001700 4F0O0S5EV0 3718120y
@ (true) /31 1216328 0N0OCO00 00000020 00J00091
(95%Eo0fN) 32 141632FF 10000000 00700000 00200050
33 131632FF 10000000 00000030 00J000E0
34 1C1632FF 19032099 23332232 993222ED
35 1D1632FF 10000000 20250000 N0D000E0
36 1FL6325F 10000000 D0D0C200 0COD00JF0
37 1516220F 10233293 1322333) 12)33I8)

\
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Avg. sig.
(nt#0-31)

Gain setting

(ht# 0-31)

fcxio

tilt of A
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Machine language reference
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N ADDAESS MEMORY . ADDRESS MIMOAY 8
, aon | anbe untuomclo'cool LOW MEMORY api | aoL orcooe | LOW MEMORY 7'
¥ *
. em = + =S¢ AFTER 1A OR NMI s e e //// = +--SP AFTER JSR BUT BEFORE
. BUT BEFORE ATH e 1le £ 2 RETURN (RTS)
770
. RN R 7.+ #3  je——3p BEFORE JSR AND AFTER
AETUAN (RTS) FAOM
. 5P BEFORE 1RQ ON NI [N STACK SUBROUTINE
! . AND AFTEA ATY
o A A
: -1 ~1 P :
j o 3]s sfls s nj 20 JUMP TO SUBROUTINE
PO e s 3]0 0 <P AT TIME OR 1RQ OR o 3le tflan ] es
¢ NMI - THIS IRSTRUCTION .
s 3]8 2 wnucouunuz:o:é o 3]s 2a b H] e
— INTERRUPT 1S SERVIC
LR L o——-r'éTE?’rsunavu [N L] AETURN FROM SUBROUTINE TO
THIS LOCATION
[T I . INTERRUPY SERVICE
MAIN BODY
¢ 4le . 4L A A A pa
] ~3 = = I
. o 4o 7] RTS nzrum‘;:ou
INTERR .  4]s B - SUBROUTINE MAIN
BODY
¢ ain s .
" 4|e 2 .
FFIF A] ADL NMI VECTOR Lo 4 |0 slln T s ) RETURN FROM SUBROUTINE
: FFlF 8] aoH
F E{F C| ADL HES VECTOR
F £|F O] ADH .
bee—elF F|F E| ADL [H 1RO VECTOR
3 F F]{F Fl ADH 0
HIGH MEMORY HIGH MEMORY
FIG.1 IR, NMI, ATI, BRK OPERATION FIG.2 JSR, RTS OPERATION

O esrvs — AsP—— e ——————— e —————— _

ASCHI CHARACTER SET (7-BIT CODE)
ASSEMBLER DIRECTIVES
-~ ) o | 8 ] 1] 2 ]2 ] 48 ]e] s
P - IF USED MUST BE THE FIRST EXECUTABLE STATEMENT IN THE PROGRAM. i PYPE PP IO P PP B N P
+ OPTIONS ARE;- (OPTIONS LISTED ARE THE DEFAULT VALUE, TURNED OFF BY (NO) PREFIX.} o TonTs T T
COUNT (COU OR CNT} - LIST ALL INSTRUCTIONS AND THEIR USAGE. ¢ eeee : °
NOGENERATE {NOG) - DO NOT GENERATE MORE THAN ONE LINE OF CODE FOR ASCH STRINGS. 1 Jeesr | son | ber |1 v la]lale}oa
XREF (XRE} - PRODUCE A CROSS-REFERENCE LIST IN THE SYMBOL TABLE. “ .
ERRORS (ERR) - CREATE AN ERROR FILE. 2 {esw | sx ) 0C2 e pREEY
MEMORY (MEM} - CREATE AN ASSEMBLER OBJECT QUTPUT FILE, 3 911 ETX o] # 3 [ s 3 s
LIST {L15] - PRODUCE A FULL ASSEMBLY LISTING. < e199] €o7 DCh s 4 b T P N
+ BYTE - PRODUCES A SINGLE BYTE iN MEMORY EQUAL TO EACH OPERAND SPECIFIED. s loser| encloac| s | s | e | ulelo
+ WORD - PRODUCES TWO BYTES IN MEMORY EQUAL TO EACH OPERAND SPECIFIED, T e T o T TV T
*= . DEFINES THE BEGINNING OF A NEW PROGRAM COUNTER SEQUENCE, e s1re x v
+ PAGE - ADVANCES THE LISTING TO THE TOP OF A NEW PAGE. 7 [sr11] BEL | ETB ! L A L :
* END - DEFINES THE END OF A SOURCE PROGRAM. B j1999] BS | CAN| | s H X h x
0 wrolem o e | "2
. A frevefir |sus i s | KN '
LABELS: B j1en1f vy ESC + : 'Y C M
' ) c [vieef Fr | #s . < L \ ' '
| LABELS BEGIN IN COLUMN 1 AND ARE SEPARATED FROM THE INSTRUCTION BY AT LEAST ONE SPACE. o 1101} cr as - - M j "
P LABELS CAN BE UP TO 8 ALPHANUMENIC CHARACTERS LONG AND MUST BEGIN WITH AN ALPHA CHARACTER.
A,X.Y,S,ANDP'ARE RESERVED AND CANNOT BE USED AS LABELS. E 1118] 50 RS . > N ‘ L3 L
LABEL“ EXPRESSION CAN BE USED TO EQUATE LABELS TO INSTRUCTIONS. N F 1113 5 vs / 7 [} - o DEL
LABEL » = # + N CAN BE USED TO RESERVE AREAS IN MEMORY
% IARACTERS USED SPECIAL PREFIXES:
. INDICATES AN ASSEMBLER DIRECTIVE .
i # SPECIFIES THE IMMEDIATE MODE OF ADDRESSING.
i $ SPECIFIES A HEXADECIMAL CHARACTER.
1 @  SPECIFIES AN OCTAL NUMBER,
% SPECIFIES A BINARY NUMBER,
© SPECIFIES AN ASCII LITERAL CHARACTER.
4 INDICATES INDIRECT ADDRESSING.
: INCOLUMN 1 INDICATES A COMMENT, . ) .
. . -
i 0 R
o v 2
5 o
= % -
o o < =
iy o v o 2 O
- v " — © O
z o M 2we
< o~ X e 8., =
3 2T m
X =t q me
3 — 2 5a [x)
-
ol |8 <[> (@] n - sa=° X
° D) = 530 2
- 2 3 c LZg 8
~ > 4 2] 2 csv
ad [ = - o O
* Led = ' g — 2 o
o
2 ©®>8
=2 o X e ® ~
. s o
z Q ® Qo - N ] © ) ¥ F3 —
B % 3R3ES g3 0 8 OB OB > a»rc —aQ -
5 QEg © 3 2 Q 24 % & € (= 5 2
5 3 ggeg°z 5 § z = £ o ®» B[O
= g Bt £ 3 : 3 & 13 - N
$ 3 5 ¢ @ ® 2
Eon . . Py 1 a @ & a
587 13 $ & ¢ 3 2 8 < -
- - L > z 5 3 =2 —
- B - g s
m »
& & 3 & 2 (@] o]
ST S
i E L Z
- 3 i 4 ?2 < > m
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INSTRUCTIONS MEDIATE | ASSOLUTE {ZEADPAGE § ACCUM WD

(IND.X) § (KND)Y

[ RLRS ARS X AR Y RELATIVE | 1SOIRECT | 2 PAGEY CONDITION CODER

[unsmonic

Joe[n [ Jor]n ] o

DPERATION

oo le

oe] k[ Joe[n]s

orl N |# foeln | [oe] N]# JorIn]s
i

BRANCH ON
s
iCH.

BRANCH ON V1

e
-

SMMEDIATE | ASSOLUTE [2£RDPAGE] ACCUM. | wWriiED

UND.X) | {(INDLY

Z,PACE X ABS. X ABS, ¥ AELATIVE | sMDIRECT | 2 PAGEY CONDITION CODES

[wnemomc ] orcranion o] n] ¢

orfn]® orln]e ofn [# or[ N #

o n]#

&
z
%

or [ n [« [or] u]# Jorn [ Jor[u]s or v (¥ Jorlul# |8 2 ¢ 1 o v]

M

!

{1} ADD 1 TO “N" If PAGE BOUNDRY 1S CROSSED X INDEX . X ¥ EXCLUSIVE N NO.CYCLES
{2) ADD 1 TO "N IF BRANCH OCCURS TO SAME PAGE ¥ NDEX ¥ «  ADD ¢ MODIFIED # NO.BYTES
ADD 2 TO "N iF BRANCH OCCURS TO DIFFERENT PAGE A - ACCUMULATOR ~  SUBTRACY ~  NOT MODIFIED
31 CARRY NOT - BORROW M MEMORY PER EFFECTIVE ADDRESS A AND My MEMORY BIT }
Wy MEMORY PER STACK POINTER v__OR My MEMORY BITE

A
1
i

or

OP - CODE TABLE

]

E

ASUEPAGE

STXZ Poge

ASL-ASS

STXEPa,Y

LOX? Fage

STAARS, Y.

LOA MM

DEC2 Poge

LDXE Pag]

Jioaamsy

cur i

o

P ABs, Y

CPx.2 Page ISBCE Paoe | INER Page

SBC 1

: $BC-2 Page X {ANC-2 Pae X

E_.c*is,v

MM - IMMEDIATE ADDRESSING - THE OPERAND 15 CONTAINED IN THE SECOND BYTE OF

THE INSTRUCTION

ABS . ABSOLUTE ADDRESSING — THE SECOND BYTE OF THE INSTRUCTION CONTAINS THE UND. X}

BLOW ORDER BITS OF THE EFFECTIVE ADDRESS. THE THIRD BYTE CONTAINS THE

~ BHIGH ORDER BITS OF YHE EFFECTIVE ADDRESS

2. PAGE: ZERD PAGE ADDRESSING —~ SECOND BYTE CONTAINS THE 8 LOW ORDER BITS OF THE

EFFECTIVE ADDRESS. THE 8 HIGH ORDER 8BTS ARE ZERO

A, ... ACCUMULATOR - ONE BYTE INSTRUCTION OPERATING ON THE ACCUMULATOR

2 PAGEX 2 PAGEY 2EROPAGE INDEXED - YHE SECOND BYTE OF THE INSTRUCTION 1S
ADDED TO YHE INDEX - (CARRY IS DROPPED) TO FORM THE LOW ORDER BYYE OF

THE £A. THE HIGH ORDER BYTE OF THE £A 15 ZEROS

HND) Y

ABS X ABS Y ABSOLUTE INDEXED THE EFFECTIVE ADDRESS 15 FORMED BY ADDING THE INDEX

10 THE SECOND AND THIRD BYTE OF THE INSTRUCTION

INDEXED INDIRECT - THE SECOND BYTE OF THE iNSTRUCTION IS ADDED 7O T™HE
X INDEX, DISCARDING THE CARRY THE RESULTS POINTS TO A LOCATION ON
PAGE 2ERO WHICH CONTAINS THE B LOW ORDER BITS OF YHE EA, THE NEXT BYTE
CONTAINS THE 8 HIGH ORDER BITS

INDIRECT INDEXED - THE SECOND BYTE OF THE INSTRUCTION POINTS 7O A LOCA
TION tH PAGE ZERD  THE CONTENTS OF THIS MEMORY LOCATION IS ADDED YO THE
¥ INDEX, THE RESULT BEING THE LOW ORDER EIGHT BITS OF THE EA THE CARRY
FROM THIS OPERATION IS ADDED TO YHE CONTENTS OF YTHE NEXT PAGE ZERQ
LOCATION, THE AESULT BEING THE B HIGH ORDER BITS OF THE EA
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