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 SUMMARY

When BMR's new Twin Otter aircraft was being fitted out for
geophysical surveying, an integrated system for acquisition of digital
data was developeds The system records information from one magnetic
channel, four gamma-ray spectrometer channels, and two Doppler navigation
channels in addition to altitude and fiducial numbers. Sampling rate is
one second except for magnetic data, which are sampled every 0.2 seconds.

' The integrated system is built around a Hewlett-Packard 2114B
general-purpose digital computer, interfaced to a 16-~channel digital
input multiplexer and magnetic tape recorder. A visible and permanent

analogue record of the input data is maintained by chart recorders, to

" enable the operator to monitor data quality and to assist later in

interpretation of the data. The chart drive motors can be run at five
fixed speeds or coupled to the Doppler signal so that chart speed is
proportional to ground speed. The Doppler signals are also coupled to a

‘display unit which assisfs the pilot to follow the planned flight path.

~ ‘The system is extremely reliable, and error-free flights are

- oommon.




1. INTRODUCTION

Towards the end of 1970 the Bureau of Mineral Resources (BMR)
took delivery of a new geophysical survey aircraft, a twin Otter, VH-BMG.
The aircraft replaced a DC3 that had been used for regional aeromagnetic
and radiometric surveys throughout Australia since 1954« One of the
tasks in preparing the new aircraft for survey work was the installation
of an integrated digital data acquisition system. This Record gives a
brief description of the system and the results obtained in two years'
use,

Since 1960 the DC3 had operated with digital date acquisition
equipment that recorded magnetometer readings and fiducial timing
information on punched paper tape. This equipment had evolved through
several stages in the succeeding years and had established a good record
of reliability. The functions of the data acquisition system were
controlled by a hardwired sequencer deaigned and constructed by BMR and
built into the aircraft timer unit.

In the Twin Otter it was intended to recofd, in digital form,
the geophysical and Doppler navigational data using one central acquisition
systeme As the Twin Otter was to carry more equipment than its predecessor,
and also sample the magnetometer more frequently, a tenfold increase in
data output had to be accommodated. It was decided to build the system
around a compact, but powerful, general-purpose digital computer, suitably
interfaced to a digital input multiplexer and magnetic tape recorder,
rather than use a hardwire controller. This choice allows the acquisition,
checking, and recording of data to be controlled by a computer program,
which should be easy to produce and modif&. It was expected that a
computer-based system would prove more adaptable in the case of future
additions to the geophysical equipment carried. Also, if needed, different
types of airborne survey operation with different sets of equipment could
be accommodated merely by loading a new computer program. Moreover, when
not being used in this role the computer could be used on other data
proéessing.or computational work.

The initial intention was to have the neoeésary computer program
written by a professional programming organization, working under contract
to the BMR., While this arrangement was being organized a simple preliminary
program was written in BMR to test some of the broad principles of system
operation. By April 1971 it was apparent that the BMR program could be

modified to meet the specification required by the proposed contract.



Consequently, the external gcontract proposal was abandoned, and by May
1971 the upgraded BMR data acquisition program was ready for airborne
testings This flight testing revealed no serious deficiencies, and the
BMR program has come through the two succeeding years of survey use with
only minor modification and additionse.

A block diagram of the data acquisition system is displayed in
Plate 1« A simplified flowchart, showing the main decisions and actions
taken by the computer program, is displayed in Plate 2.

2. DATA INPUT
In the present configuration of the system the geophysical and

navigational data channels and their respective sampling rates are as
tabulated below:

Data channel Sample rate Data format

Magnetometer (2 channels) 0.2 sec 5 BCD* digits

Gamma~ray spectrometer

Channel 1 (Total) 1 sec 4 " "
Channel 2 (X) 1 sec 4 " "
Channel 3 (U) 1 sec 4 " "
Channel 4 (Th) 1 sec 4 " "
Altitude 1 sec 3" "
Doppler along track 1 sec 14 bit binary
Doppler cross track 1 sec i4 " "
Fiducial number 1 sec 4 BCD digits
Flight number 1

per flight 3" "
*BCD ~ Binary Coded Decimal

All the above data channels are attached to the computer via
a 16—channel digital input multiplexer. Five of the 16 channels are not
required at present and are available for future growth.

As well as geophysical data the computer program requires certain
timing and control information. Every 0.2 seconds a signal from the timer
unit instructs the computer to take the readings required at that instant.
Another timing signal, synchronized with the start of the 10-second

fiducial interval, allows data acquisition to start and stop in step with




the fiducial system. A command to start of stop recording data on magnetic
tape is generated when the equipment opefator presses a button at the start
or end of a survey line. Two additional logic signals control the
operation of the pilot's Doppler position indicators as described in detail
in section 4.

These auXiliary data inputs entér the computer via a 16~bit
input-output interface.

The timing of the 'read' commands is arranged so that the
digital outputs frdm the instruments have settled to a steady state when
the computer takes a reading. The computer responds to a ‘'read' command,
which has the highest internal priority, in less than 10 microseconds.
This fast response eliminates any possiblity of 'parallax errors' between

goophysical reudings and the fiduoial timing system.

3. ANALOGUE CHART RKCORDER OUTPUT

Inooming readings on all geophysioal dala channels are passed by
the computer to the digital-to—analogue multiplexerQ The resultant d.c.
voltage analogues of the data are recdrded on chart recorders, giving a
visible and permanent record of the information input to the system. The
charts are used to evaluate data quality during and after the survey flight
and also for later interpretation of the geophysical information.

On a survey mission the chart records are the only monitor of
data quality. The operator has to maintain a watch on the charts and, in
the event of serious degradation of data quality, decide whether to
abandon the flight. This procedure is simple and flexible and, provided
the operator makes an intelligent assesament of the situation, works well.
It in unlikely that any attempt will be made in the future to involve the
computer in a significant'real—time data validation role.

Zero and full-span outputs are displayed on.the char{ recorders
automatically at the end of a survey line to allow the checking of
recorder calibration, Recorder calibratiom outputs ocan be manually
initiated by the operator, during intervals when data are not being
recorded, by setting bit 1 on the computer switch register.

The paper drive on the chart recorders has two modes of operation.
In TIME mode five fixed speed ranges from 0.6 cm/min to 12 cm/min are
available, In DOPPLER mode the chart drive stepper motors are driven at a

rate proportional to aircraft ground speed. Five switchabie ranges



provide chart scales from 1:500 000 to 1:25 000, For DOPPLER mode
operation the computer produces a control voltage on one channel of the
digital-to-analogue multiplexer. This voltage, derived from along-track

velocity, regulates the frequency of a voltage-controlled oscillator,
which in turn governs the speed of the chart drive,

4. DOPPLER NAVIGATION

The Marconi AD560 Doppler navigation system installed in VH-BMG
is essentially an analogue device. The standard equipment provides a
digital readout of distances along and across track, in nautical miles,
using a system of mechanical counters. Survey use requires a method of

converting the Doppler co—-ordinates to electronic digital form, with a

much higher resolution. This is achieved by coupling & pair of commercially
available synchro-to—-digital converters, having a reading accuracy |
equivalent to a Doppler distance of approximately 3 cm, to the electrical

signal lines that drive the standard Doppler display counters.

The computer simultaneously maintains two Doppler co—ordinate
systems. The Doppler data recorded on magnetic tape are referred to one
fixed origin for the duration of the survey flight. This origin can be
set by the operator by flying the aircraft over some known reference point
before starting the first survey line, If this procedure is not adopted
and arbitrary origin is used, located at the point of commencement of the
first survey line. Doppler position is recorded on magnetic tape every
10 seconds, the least significant digit being equivalent to a distance of
{O metresg. |

The other Doppler co-ordinate system provides the aircraft
pilot with accurate navigational data for aircraft guidance along the
required survey path. This system which is entirely controlled by the
pilot from the flight compartment, produces a readout of distance across
track (in the format 00.00 km) and along track (in the format 000.0 km)
on a display, which is updated every second. An across—track analogue
voltage is also produced on one digital-to-analogue converter channel.
This signal is used to deflect the needle of a steering indicator on the
pilot's instrument panel. Full-scale deflection of the needle to the left
or right is equivalent to an across-—track error of approximately 1 km.
Two switches situated next to the Doppler display allow the pilot to tell

the computer when to reset the Doppler distances to zero and when to



revergse the indication of left and right. The latter facility is
required to maintain the correct sense of the steering data irrespective

of whether the aircraft track is towards or away from the Doppler origin.

5e MAGNETIC TAPE RECORDING

Data are accumulated in the memory of the computer to form
10-second blocks for recording on magnetic tape. This block size was
chosen mainly for compatibility with the 10-second fiducial timing system.
With blocks of this size, the total loss of a block in the event of
irrecoverable recording errors can be tolerated.

To simplify later processing of the field data tapes in a large-—
scale computer system (currently CSIRO's CDC 3600 and CYBER 76 computers),
and alsc to lessen the dependence on a partioular computer system, a
simple binary format was chosen for the field tape. All data are recorded
in the form of 24~bit binary words, with 116 words per record. A checksum
word, being the arithmetic sum of all the data words in the block, is
appended to the record and is used as a validity check when the record is
read by the field data processing programs. Records having checksum
errors are ignored. As error rates are very low it is generally not
necessary to manually recover data contained in bad blocks.

A ten—-second data record occupies approximately T.5 cm of tape.
A 1200-foot reel of tape would allow 13 hours of remofding - double the
maximum flight endurance.

One of the prime advantages of the computer-controlled
aocquisition system is the considerable amount of checking incorporated in
the magnetic tape recording phase of the operations. Two levels of
checking have been implemented. Firstly the Kennedy tape transport has
a read-after—write facility ('flux check') that allows certain types of
writing errors to be detected as writing takes place. On completion of
a write operation the '"flux check' will indicate if any errors were
detected in the recording of that block of data.

When a 'flux check' error occurs, the computer rewrites the
data record on a new section of tape, leaving the incorrect record in situ.
Three such attempts are allowed before a data block is abandoned. The

computer notifies the operator of 'flux check' errors By incrementing a

'counter on the timer unite.

The second level of checking is done on a small sample of data

blocks, After a record has been written, with no 'flux check' error, the
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tape transport backspaces over the data record and reads the recorded
information back into the computer memory, where it is checked bit by bit
against the original version, still retained in the computer. If errors
are detected the record is rewritten as in the case of a "flux check®
error. The check reading process is invoked from time to time by operator
action (setting bit O of the computer switch register) but an option

~allows for automatic check reading at a predetermined sample rate.

6. RESULTS AND CONCLUSIONS

Two serious problems appeared in the first few months of operation.
Both occur at infrequent intervals and affect the computer input/output
system. The more common trouble produced a condition where all computer-
controlled data transfers ceased. The other problem, almost as serious,
prevented the recording of data onto magnetic tape because the tape recorder
returned ‘busy' status indefinitely to the computer. Small modifications
to the computer program allow the computer to recognize the symptoms of
both these problems and automatically re—initiate input/output with little
or no loss of data. ‘

After these problems were oleared up the operation of the gystem
has been completely satisfactory. The reliability of individual system
sub—units has been exceptionally high. Magnetic tape has proved to be a
very reliable recording mediume A sample check on system performance
showed that only 12 records out of 27 000 contained timing or recording
errors. As this sample size is equivalent to the data produced in 75 hours
of survey flying, error-free flights are common.

A number of small improvements to the acquisition system are
currently planned. A light-weight thermal printer and keyboard has been
acquired and will be interfaced to the computer. This will provide greatly
increased communication and interaction between the system and the operator
during flight and also allow better checking and playback of recorded data
after a survey flight. It is also planned to increase the resolution of the
recorded Doppler co~ordinates by a factor of 10 to give distances in metres.
This may improve the accuracy of line/tie crogs—over positions extracted
from the Doppler data in the. course of data reduction.

It is expected that further changes will be made from time to

time as the system evolves and further experience accumulates.




The choice of employing a software—controlled data acquisition
system, based on a digital computer, has been vindicated by the results
obtained. The major advantages this system offers over a hardware-—
controlled system are:

(a) The comprehensive checking of recorded data, making use
of the 'flux check' facility and the backspace-and-read
option.

(b) The conversion of data to fixed-length binary words, and
the inclusion of a checksum word when rebording on
magnetic tape.

(c) The availability of the computer for Doppler navigation
calculations,

(d) The relative ease of making changes to the controlling

.software.

The ourrent workload on the computer is very low; probably only
one to two per cent of the available computer time is usefully spent.
This unused computer time could be used for background fasks, but at
present there does not appear to be much scope for this line of'development
in the aircraft environment.

Some disadvantages of this system are also apparent, mainly the
higher initiai cost and the large physical size and weight of the computer.
Both these disadvantages are likely to disappear in the future, as mini-

computers are rapidly becoming smaller and cheaper.



APPENDIX 1

TECHNICAL SPECIFICATIONS — DATA ACQUISITION EQUIPMENT

Digital computer

Make & model: Hewlett-Packard 2114B
Memory size: 8192 words
Word size: 16 bits

Cycle time: 2 microseconds

Digital input multiplexer

Make & model:
Number of ohannels:

Word size:

Digital-to—analogue muliiplexer

' M&gﬁetic tape recgorder

Make & model

Number of channels:

Word size:

Output voltage:

Hewlett—Packard 12566A
16
16 bits

Hewl ett-Packard 12555

16

10 bits including sign bit
-10 to +10 volts

Make & model: Kennedy 1600, RH T—track incrementul

recorder with 'flux cheok' option.

Recording: NRZI mode at 200 bpi, even or odd

parity.

Writing rate: 500 characters per second.

Reading rate: 1000 characters per second.



APPENDIX 2

DATA ACQUISITION PROGRAM
ASSEMBLY LANGUAGE LISTING
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GENPHYSICAL DATA ACQUISITION PROGRAM FOR HEWLETT-PACKARD 21148
NDIGITAL COMPUTER INSTALLED IN SURVEY ATRCRAFT Vh=~BMG

SYSTEHM HARDWARE COUNFIGURATION =

HaP 21148 DIGJTAL COMPYTER WITH &K MFHORY
AMR AIRCRAFT TIMER NZAL

HwP 14 CHANNEL DIG}TAL INPUT MULTIPLEXER

HaP 16 CHANNEL OI1G]TAL TO ANALOGUE OUTPUT MULTIPLEXER
KENNEDY 1600 REAUD/WRITE [NCREMENTAL MAGNETIC TAPF RECORDER
Y4wP 49 BIT OQUTPUT. REGISTER

16 BIT INPUT/QUTPUT INTERFACE

SIMPLE OUTLINE OF PRQGRAM OPERATION -

TRE MAIN PRORGAN GUNSISTS OF A LOOP THAT COuNTINUALLY MONITORS THE
CUPRENT STATUS OF DATA ACGQUISITION AND DATA QUIPUT ONTOD MAGNETIC
TAPE, IF THE AVAILIBILITY OF DATA MEANS THAT WORK CAN RBE DONE IN
ONE OF THESE AREAS THAT JOB [S DONE, OTHERWISE CONTROL PASSES ON
ARDUND THE LONP, NORMALLY THIS LOOP IS COMPLETED THOUSANDS OF
TIMES PER SECOND - THAT [S THE COMPUTER SPF%DS A LARGE PART OF ITS
TIME WAITING FOR WORK,

TwE TIMER INTERRUPTS THE MAIN PROGRAM FEVERY 0.2 SECONDS, A SFECIAL
SURROUTINE SEIZES CONTROL OF THE GCOMPUTER A4uD READS ALL REQUIRED
NDATA GHANNELS STORING THE READINGS InN THE I4PUT BUFFER, THE
AGNETOMETER IS READ 5 TIMES PER SECOND BUT ALL OTHER CHANNELS ARE
SAMPLED ONCE PER SECQND., A SPECJAL COUNTER 1S INCREMENTED
INDICATING TU THE MAIN PROGRAM THAT REANINGS ARE AVAILABLE,
COMTROL, THEW RETURNS TO THE MAIN PROGRAM AT THE POINT OF INTERRUPT

A SHORT TIME AFTER A TIMER INTERRUPT HAS OCCURED THE MAIN PROGRAM
WILL DETECT THAT MORE REAUINGS ARE WAITING. THE READINGS ARE
TRANSFERRED TO A CYCLIC HOLDING BUFFLR., THE PROGRAM HAS FOUR OF
TWESE BIFFERS WHICH ARE USED ON A CYCL'C BASIS, EACH BUFFER HOLDS
DATA ACQUIRED OVER A 10 SECOND FIDUCIAL PERIODN,

AT THE SAME TIME MAGNETOMETER, GAMMA=RAY SPECTRQMETER AND
ALTIMETER READINGS ARE OUTPUT TO THE D/A COVVERTER PRODUCING
VOLTAGE ANALOGUES OF THE GEOPHYSICAL NATA WWICH IS DISPLAYED ON
CHART RECORDERS PROVIDING A USEFUL RECNRD AS WELL AS BEING A
VISUAL MONITOR 0OF SYSTEM UPERATION, DOPPLER ALONG. AND CROSS TRACK
COORDINATES ARE CALCULATED AND THE PILOTS DoPPLER DISPLAY IS
UPNATED, DOPPLER PUS]TION AT THE START QF THE FIDUCUAL PERIOD IS
STORED FOR INCLUSION ON THE MAGNETIC TAPE,
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AT THE END OF A FIDUCIAL INTERVAL THE CURRENT CYCLIC BUFFER IS
FULL UP AND 1S FLAGGED FOR QUTPUT 04TO MAGNETIC TAPE, THE FLOW OF
INPUT DATA IS SWITCHED TQ START FILLING THE NEXT BUFFER, THE
“ASNETIC TAPE OUTPUT ROUTINE NOTICES WHEN A FULL CYCLIC BUFFER 1S
AVAILABLE AND COMMENCES THE PROCESS OF QUTPUTING THAT BLOCK OF
g?zstmgg 12:5. DALA S;ORtD IN BCD FORMAT IS CONVERTED TG 24 BIT
R AHD TRANSFERRED THE 3NET :
A CHECKSUM WORD USED FOR CHECKISG SSR?QENEQégt;gﬁssO?LpglwggggiR'
IS ADDED A'D THE oLOCK OF DATA IS WRITTEN ONTO TAPE AS ONE RECORD,
:t%OMI RECORDER OPERATIONS USF THE INTERRUPT SYSTEM,

LOWING PROCESSING TO OVERLAP WITH 1A 1 : :
OPERATION 1S COMPLETE THE STA¢USIQF ;dgu;éggégsTéEggng;HE HRITE
FLUX-CHECK FACILITY IS USED TO DETECT !F ANY ERRORS WERE MADE IN
ﬂiéllNﬁ ;HAT BLOCK, IF AN ERROR IS DETRCTED ANOTHER ATTEMPT IS
MADE AT RECORDING THE BLOUK., THREE ATTEMPTS ARE AL :

THE BLOCK 1S ABANDOWNED, AS A FURTHER CHECK A gEéU;BWEENBEEOEEAD
BACK INTO THE COMPUTER AND GCOMPARED WITH THE ORIGINAL DATA,

MULTIPLEXER CHANNEL ASSIGWMENTS AND CHART PECORDER SENSITIVITIES

CHANMEL INPUT MULTIPLEXER n/A MULTIPLEXER
1 MOST SIGWIFICANT MAG DIGIT MAG 250 GAMMAS FSD
2 LOWER 4 MAG DIGITS MAG 50U GAMMAS FSD
3 RADIO ALTIMETER MAG t000 GAMMAS FSD
4 FIDUCTAL NUMRER ALTITUDE 500 METRES FSD
5 TOTAL COUNT TOTAL COQUNT 1000 FSD
6 POTASSIUM COUNT ' K 250 COUNTS FSD
7 URANIUM COUNT U 100 COUNTS FSD
8 THORIUM COUNT TH 100 COUNTS FSD
9 DOPPLER ALONG TRACK DOPPLER CRNSS TRACK DC
10 DOPPLER CROSS TRACK CHART SPEED CONTROL
11 FLIGHT NUMBER

CAMPUTER 1/0 SLOT ASSIGNMENTS

10
11
12
13
14
15
16

MICROCIRCUIT INTERFACE

INPUT MULTIPLEXER = NON INTERRUPT DEVICE
N/A MULTIPLEXER =~ NON INTERRUPT DEVICE
TELEPRINTER, UNIT REFERENCE 7

KENNEDY RECORDER, UNIT REFERENCE 10

PAPER TAPE READER, UNIT REFFRENCE 11

40 BIT REGISTER - NON INTERRUPY DEVICE
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0128+
N129%
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4316
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ALL RECORDING IS IN ODD PARITY, THE FIRST INFORMATION ON THE TAPE
IS THE FLIGHT HEADER, THIS RECORD IS 80 CHARACTERS IN LENGTH AND
CONTAINS THE FLIGHT NUMBER, SURVEY NATA IS RECORDED IN 460
CHARACTER RECORDS, ONE RECORD IS PRODUCED ELVERY 10 SECONDS, SURVEY
LINES ARE SEPARATED BY ENUOF-FILE RECNRDS AND THE FLIGHT IS
CONCLUDED RY 2 CONSECUTIVE EOF RECORDNS

DATA RECORDS HAVE A SIMPLE BINARY FORMAT WITH alLL INFORMATION
COMTAINED IN 24 BIT BINARY WORDS, THE ORDER OF INHORMATION WITHIN

A RECORD 15 SET 0UT BELOW,

WORD 1 BLOCK NUMBER
ATTEMPT NUMBER
DOPPLER ALONG TRACK
DOPPLER CROSS TRACK

H LN

DATA FOR FIRST SECOND OF FIDUNIAL PERIQD

ALTITUDE
FIDUCIAL NUMBER
TOTAL COUNT
POTASSIUM COUNT
URANTUM COUNT
10 THORIUM COUNT

O BN N

11 MAGNETOMETER READING AT 0,0 SEC
12 MAGNETOMETER READING AT 0,2 SEC
13 MAGNETOMETER READING AT 0,4 SEC
14 MAGNETOMETER READING AT 0,6 SEC
15 MAGNETQOMETER READING AT 0,8 SEC

DATA FOR NEXT 9 SECONDS IN WORDS 16-114 REPETITION QF
SEQUENCE FOR FIRST SECOMND

115 CHECKSUM WORD
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BMGY

«10C,,DINIT,DOPOO
BUFIN(200),BUFA(L70),BUFB(170),BUFC(170)
BUFD(170),BUFY(235),BUFZ(235)

MCR, C CLEAR MICROCIRCUIT INTERFACE
0 TURN ON INTERRUPT SYSTEM
1og, CLEAR SYSTEM

0

0136 ENT
0437 EXT
0138 COM
0139 COM
0140 00000 000000 BMGYL NOP
0141»&’

0142% RESET PROGRAM STARTING COWDITIONS
0143se

0144 00001 107710 cLC
0145 00002 102100 STF
0146 000N3 016001X JSB
0147 00004 000000 ocT
01484!*

0149# SET INPUT ANU OUTPUT POINTERS TO THE FIRST CYCLIC BUFFER
0150+ SADD AND QADD CONTAIN BUFFER STARTIHNG ADDRFSS, P aAND R
0¢51» CONTAIN ADDRESS QF HUFFER STATUYS WORD, P1 POINTS TO

0152« STATUS WORD OF THE HEXT

3153##s .

0154 00005 0600148 LDA
0455 00006 0700268 STA
N4s56 QU007 0700278 STA
0157 00040 002004 INA
0158 000311 0700208 STA
0159 00012 0700228 STA
0160 00013 042023R ADA
0¢61 00024 070021 STA
0162 00015 0024050 CLA
0163 000216 0700028 STA
D464 00017 0700058 STA
N165 000220 0700108 STA
0166 09721 0700138 STA
Q167 00022 0700538 STA
0468 90023 0700548 STA
0169 00024 0700628 STA
0t70 00025 0700638 STA
0471 20326 0700508 STA
0172 0NQ27 0700528 STA
0173 0003350 0700668 STA
N174 00031 092004 IMNA
0175 00032 0700618 STA
N476 00033 0700738 STA
0477 00034 0700718 STA
0478 00035 063166R LDA
D479 . 00036 073164R STA
N4B0 00037 002400 CLA
0181 00040 0701038 STA
9182 00041 0700748 STA
N4183 00042 063274R LDA
0484 00043 003004 CMA
118% 00044 0700728 STA
D186 009345 016002X +SH
0487 00044 000Q053R DEF
0488 00047 0000328 DEF
0189 000%0 0000538 DEF
0190 00051 2000358 . DEF
N491 000252 0Q01746R DISPA DEF

CYCLIC BUFFER

POINT IWITTALISE CYCLIC HOLDING RBUFFER
QADD SET INPUT BUFFER ADDRESS
SADD SET OUTPUT BUFFER ADDRESS

P . SET RBUFFER STATUS WORD ADDRESS
R

=3

P1

TABe1 CLEAP BUFFER STATUS WORDS
TAB+4 .

TAB+7

TAB#10D

LINE LINE ON FLAG

LeC LIME END CHART CALIRRATE FLAG
StLAG SHORT BLOCK FLAG

TOTAL INTERRUPT DATA INPUT COUNTER
CALL

CALS

CALS.

BEGIN
BOUTY
BLOUT
WHITA
MTFN

CLEAR MT nuTPYT ROUTINE

MTFLG
MTFNZ
READC
» INA

RUNTR
DINIT
*+h

K3

LINE
INPUT
DUATA

1HITTALISE DOPPLER ROUTINE
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EXAMINE SWITCH PEGUISTER,
HEANER RECORU IS WRITTEN - THIS IS
I[F BIT 45 IS SET TAPE IS WOT REWOUND AMD NN HEADER

Tw]1S PRAOCEDURE [S USED FOR RESTARTING PROGRAM DULRING A

01 +#a» AIRBORNE DATA ACQUISITINN PROGRAM

IF ZERO.

22/6/73 #an

TAPE 1S REWOUND TO LOAD PGINT
NORMAL STARTING PROCEDURE,
IS RECORDED,

SURVEY

FLIGHT WITHOUT OVERYWRITING PREVIOUSLY PECORDED [ATA

N196#

0197+

J198#»

1199+
N200#ne
0201 QU053
N202 00054
0203 00055
N204 00056
n20% 00057
0208 QU060
n207 .00061
0208 00062
n209 00N63
p210 00064
p211 QuUQ65
0212 00066
0213 00067
0214 00079
0215 00071
N216 Q0072
g217 00073
0218 00074
nz19 Q0075
0220 Q0076
0221 00077
p222 Q0100
N223 00101
p224 00102
0225 00103
0226 00104
0227 00105
N228 00106
0229 Q0107
0230 00140
p231 00111
0232 00112
P33 001313
0234 004114
023% 00115
D236 QJulys
0237 00417
p238 00420
nN239 006123
3240 00122

102501
006400
106601
052024R
026142R
002003
026064R
102900
026053R
016001X
030410
102033
000000
000000
016001x
040010
002020
0260731R
103711
NHh2025R
102611
102511
001727
070001
012026R
032027R
042030R
073756R
060001
001790
070001
012026R
001727
070041b
060001
001700
012026R
0500418
042031R
073757R

SWREG

REWMT

LIA 1

cLB

0TB 1

CPA =8100000
JMP AA]
SZA,RSS
JMP #+3
HLT 9

JHP SHREG
J58 ,10C,
0CT 0390410
HL,T 338
NOP '
NOP

JSB8 ,10C,
0CT 040010
SSA

JMP #~3
STC MPX,C
LDA =82000
OTA MPX
LIA MPX
ALF ALF
STA 1

AND =817
I0R =626400
ADA =sH3S
STA FL.ND
Lba 1

ALF

STA 1

AND =B17
ALF,ALF
STA TT1
LDA 1

ALF

AND =817
JOR TT1
ADA =B819433
STA FLNQey

CLEAR SWITCH REGISTER
IS RIT 45 OF SWITCH PEG SET?
YES CONTINUE RECORDIMG

ILLEGAL S#ITCH REGISTER - SET

CORRECTLY AND TOUCH RUN TO G
REWIND MT AND LOAD FORWARD TO

REGINNING QF TAPE MARKER
REQUEST REJECTEU

GET STATUS

READY?

NO - KEEP LOORING
STRORE DATA INTO MPX INPUTS
SELECT CHANNEL 11
FROM

READ FLIGKT NO, THUMBWHEE

ISOLATE FIRST DIGIT
MERGF IN CHARACTER T

ISOLATE THIRD DIGIT

ISOLATE SECOND DIGIT

STORE IN LAGEL



P‘A:'RE- Ugu?7 Q1 ##s AIRBGRNE DATA ACQUISITINON PROGRAM 22/6/73 ane

0243 nas ‘

0244% FLIGHT NUMBER IS PART OF 80 CHARACTER HEADEK RECORD - CODE IS
4245 CGC 7600 RCD, THE FIRST 10 CHARACTERS ARE FLIGHT 123, THE REST
2246% OF THE RECCRD 15 BLANK CHARACTERS,

D247 %nn
0248 Q0123 016001X JaB L 1QC, WRITE HEADER KECORD OH MT
N249 00124 020110 0CT 20110
n250 00125 1u2007 HLT 78 REQUEDST REJECTEL 3Y L 10C,
0251 00126 0041753R DEF LABEL - THIS SHOULL H0T OCCUR
N257 00127 177660 peCc =80
0253 00130 01600LX JSE ,10C, GET ATATUS

0254 00131 0400190 0CT 040010
0255 00132 0012020 SSA RFADY?
0256 00133 026130R JHP #=3 NO -~ KEEP LUQPIHG !
N257 020134 001323 RAR,RAR POSITION wRITE ©NARLE BIT
N258 00135 000UlD SLA TEST
0259 00136 102011 MLT 11p WRITE ENAGLE RING MISSING
126U 020137 091200 RAL POSTTION FLUX CHEZK BIT
0261 00140 00001G SLA TEST
0262 01141 D26064K JHP REWHT WRITE ERROR - KEEP TRYING
0263 00142 C6H3I745R AAL LUA AJSHI ESTANLISH INTERRUPT LINK
0264 0uld3 770010 STA MCR
026% 00144 11u3710 STC MURLC SET CONTRAL ON GkRI0Q IHTERFACF
J266 00145 226277R JIP AAA. THEN EMTEZ HalN PROGRAM LOQF




PAYE 0008

0o7unss

9271+ PRIGESSIR

91 s#s#w AITRBORNE DATA ACUUISITINL PRIGHAV 22/6/73 sax

FOR TIMER [NTERKURTS =

TIMER SETS

FLaL UM MOF INTERFAC

N272% EVERY 0,2 SEC CAUSIHG IHTWRUPT ROUTINE TO REAG aie STORE DATA

NP7 3sax

N274 0146
0275 QU147
N276 0NU150
19277 0uis1
1278 01152
nN9279 2u153
A280 D154
J? 81 01155
N282 01156
N283% 00157
N284 ° 00160
nN285 Jii61
A286 QU167
n287 001063
nN288 00164
0289 0165
n29y 00166
N291 0167
n29z2 00170
0293 00171
n294 Q0172
n29% 09173
nN296 00174
0297 00475
9298 Nuyi76
n29¢ 00177
N0y Q4200
1301 23201
22072 QU202
n203 00203
Jz204 0a204
A305 00205
0336 00206
2337 Qu2a7
nN3QR 0210
0306 U211
031y 0nN3232
p311 20213
1312 Nu244
Q243 24215
0%14 00216
031%  upP1?
nzle 00229
0317 00221
218 Q0222
nI19  Qu223

0ua00c
9700454

‘N74940H

001523
102201,
onz2nng
2700474
1037321
362276R
£L72275R
192510
3313°C0
r76035u
fa207)
627Nk
0600748
Da2u 24
026224R
560075k
cugnle
N26261R
092904
07080738
NANQIHH
032p24K
2700358
C124°¢
026212
3200718
nn29c2
J3262%L1R
332400
0700638
Ju2074
0700624
3024900
3704973n
0799740
Doln158
C7CnL6H
PH2G30K
270030k
NG3470
n70y318

[HTHR

STARE

IR

2600359 . .

6700644

NOP
STA
STE
EitA
socC

- THA

S5TA

‘STC

LNA
STA
L1aA
RAR
5TA
SSA
JMP
LJA
SZA
Jrip
LDA
SLA
JHP
I1MNA
STA
LDA
[0R
STA
CLa
JIip
LitA
SZA
P
CI.A
STA
1114
STA
CLA
3TA
STA
LA
STA
LUA
5TA
cca
STA

LA

sTA

SAVA
SAVii
ALS

SAVED ~

MEX,C
TIMEF
TIMEC
MUR

IMPUT

STARE
BRLGUT
RSS
HEAD
BUUTY

RETRN

BPUUT]
JePLUT
=10000u
[ iPUT

BLOK+2
BELOUT

Ki.CK
TUTAL
SFLAG

BOUT1
HLOUT
[HUFF
[HbYF
S5y
K1

K2

TaPUT. .,
SHTart

JATEDRUPT RPREOCELSIR

- - !

TAVE KEGISTERS

PR R N R

COMMARDY TO O INPULT M
FALL COUMNTER

CuTPIT
RESET

READ
INTVRRUPT
GET TATA

SYSTEY CORTRMOL

SAVE

IS THE
YES

10 SECONU 41T OH?

ARE DEADTDS TO &E ACCERPTED?
YES

3169 SEL STHENAL HAS
TG THIS 19T 1iMk?
NO = WALT FOR 1u SEC STIGHAL
YES - PRETEND THIS IS A 10 SEC
THTEDRUPT AND CUNTIHUE oM puUT
O5LY ONCF, NO FUFRFTHER DLOCKS
UHTTL 19 SEC PULSE SEEN

BERED MISSED

LAST 10 SFC kiLGUK COMPLETE

YES : ‘
MO =~ SET SuO0&T 61O FLAG

ADNDRESS POLHIER TN
RUFFen

SET START 0

T INTEPRURT

SET 10 SE¢ Trlint COGUNTER

SET £ SEL TIMING COUNTER

LGELLAYSTE L STATUS AT START 0F

17 SED BLUCK «il) SAVE



PAGE 0209
0322 00224
0323 00?225
3324 00226
0325 00227
0326 002390
0327 00231
3328 00232
0329 00233
1330 00234
0331 00235
0332 00236
0333 00237
Q334 00240
0335 00241
0336 00242
3337 00243
0338 00244
0339 Q0245
0340 00246
0341 00247
0342 00250
0343 00251
0344 00252
0345 00253
0346 00254
0347 00255
0348 00256
0349 00257
0350 00260
0351 00261
0352 00262
0353 N0263
0354 0n264
0355 00265
0356 00266
0357 00267
0358 00270
0359 00271
2360 Co0272
0361 00273
N362 00274

1340318
026242k
066033K
0A2034K
0700768
106611

Q05200

1p2511
1700166
034016b
0340768
0262318
062035R
070031H
006404
106611
005200
132511
1700168
0340168
106611
102511
170016l
33401684
0340638
0340304
026264R
002494
0700748
0000368
192610
002470
£70036H
0600478
103121
000036
102171
C6O045
thad40468
1063710
126146R

REAL

NCHAN

TSEC

RETRN

01 es#s A]RBORNE

152
JMP
LDB
LDA
STA
078
RBL
LIA
STA
1Sz
Isz
JMP
LDA
STA
CLB
078
RBL
LIA
STA
182
078
LIA
STA
152
1Sz
1SZ
JMP
CLA
STA
LUA
DTA
CLA
STA
ILLDA
CLO
51.A
5TF

DATA ACQUISITINN PRIGRAM 22/6/73 #es

K¢
TSEC
=H4
:U.B
ALOOP
M X

MPX
INBUF , |
INBUF
ALQOP
NCHAN
2P=5

Ke

InB

MP X

MP X
INBUF , ]
[HNBUF
MP X

MP X
INBUF , ]
INBUF
TOTAL
K1l
RETRN
INA
BLOUT
oTPYT
MGUR .

OTPYT
SAVEQ

ELA

1

LDA:

LB
37C
JMP

SAVA
SAVH
MCR, C
INTRR, |

1S IT A 1 SEC IHNTERRUPT?

YES

SELECT MPx CHANNWEL

ROTATE BIT TO NEXT CHANNEL
READ SELECTED CHANNEL
STORE IN INPUT BUFFER

BUMP BUFFER ADDRESS

BACK FOR 4EXT CHAN
RESET 1 SKC COUNTER
SELELT CHANNFL 1

READ MAGNETOMETER CHAN " 1
STORE S

BUMP ADDRESS

SELECT CHANNEL 2

READ MAG CHANNEL 2

STORE

BUMP ADDRESS .
IHCREMENT DATA INPUT COUNTER
50TH INTERRUPT SINCE 10 SEC?
NO - TAKE READINGS

YES - SET FLAG TO INDICATE 10

_SEC SIGNAL EXPECTED NEXT TIME

GP10 SYSTEM CONTROL QUTPUT

RESTORE REGISTERS

RESET CONTROL ON GP INTERFACE
RETURN TO INTERRUPTED PROGRAM



PAGE n010 U1 wes AIRBORNE DATA ACQUISITIAN PRHGRAM 22/6/73 #sas

0365s TIMEF I3 A VARIABLE WHICH MUST BE ADJUSTED iHEN OHANGES ARE MADE
0%66% EFFECTING THAE BASIC LOOP FREQUENCY OF THE MalN PROGRAM.

0367 00275 000020 TIMEC NOP

348 00276 160000 ~TIMEF OCT 160000

0369xun )

1370# TKE FOLLOWING SECTIUN OF THE PROGRAM CHECKS IF DATA IS

0871e WAITING IN THE INPUT BUFFER, IF SO THE DATA 1S TRANSFERRED
%72« Yo A CYCLTC ROLNING BUFFER AND ALSO OUTPUT ?0 D/A FOR CHART

0373 RECORDER

03740us

0375 00277 036275R AAA 1SZ TIMEC INTERRUPT FAIL COUNTER RUN DOWN?

0376 00300 026315R JMP INTQK NO

0377 00301 103100 CLF 0 . YES - TIMER INTERRUPT OVERDUE

0378 00302 016001X JSB ,l0C, TURN OFF -INTERRUPT SYSTEM AND

0379 00303 000090 0CT 0 CLEAR I0¢

0380 00304 002404, ClA,INA

0381 00305 0701018 STA GAPMT  RESET MT QUTPYT RQUTINE

0382 00306 063166R LDA WR]TA TO RE=-WRITE ANY PARTLY

0383 00307 073164R STA MTFN ~ _ COMPLETED. RECORD

0384 00310 0600368 LDA OTPUT :

0385 00311 032036k JOR =b2 BUMP ERROR COUNTER

0386 00312 0700368 STA QTPUT

0387 00313 102100 STF. 0 TURN ON INTERRUPT SYSTEM
0388 00314 103710 STC MCR,C AND SET CaNTROL ON MCR

0389 00315 0600628 INTOK LDA SFLAG” R o

03%0 00316 002002 SZA SHORT BLOGCK?

0391 00317 026723R JHP SHORT  YES =~ PROCESS SHORT BLOCK ,
"0892 00320 0400638 LDA TOTAL NEW DATA wAITING IN INPUT BUFFER

0393 00321 002903  SZA,RSS ... , _

0394 00322 027120R " JMP MTO NO - CONTYNUE AROUND LOOP
0395 00323 042037R_ ~  ADA =Del = YES

0898 00324 0700638 STA TOTAL ADJUST DAFA INPUT COUNTER

0397 00325 0600618  LDA BEGIN

0398 00326 002003 "SZA,RSS START OF 10 SEC BLOCK?

0399 00327 026425R JMP BLKY _  NO

0400 00330 1600268 LDA gADD, 1 YES - GET ADDRESS OF NEXT

0401 00331 0700238~ STA Q _ CYCLIC RUFFER ___.

D402 00332 072675R STA DOPAD "SAVE DOPPLER STORAGE ADDRESS

0403 00333 042033R ADA =D4  SKIP OVER DOPPLER STORAGE
0404 00334 0700248 7 T §TA @l

0405 00335 0700258  STA Q2

0406 00336 003400 CCA

0407 00337 0700338  STA K4 SET A SEC_COUNTER _ .

0408 00340 UBZD30R LDA D2 T

0409 00341 0700568 STA RESETY SCINTO RESQET COUNTER

'0410° 00342°062032R (DA sbeBO0 T T T

0411 00343 0700328 STA KS  SET 10 SEC COUNTER

0412 0034470024000 T T CLA T T

0413 00345 0700618 . STA BEGIN ~ SET RLOCK IN PROGRESS FLAG.
"7 G414 00346 0600158 LDA IBUFF ‘

0415 00347 070017B ~ STA [NBF2 ~ INPUT BUFFER_ADDRESS _
0416 00350 0600648 LDATSSTAT-




-

-

D461
0462+

0463
0464

2465
0466
0467
0468
0469

D470

01 #sa» AIRBURNE DATA ACQUISITINN PROGRAM 22/6/73 ##s

ENDLI

SLInE

. PAGE 0011
0419 00351 000010
0420 00352 026437R
0421 00353 060y538
. D422 00354 002072
- ~0423 00355 026367R
04924 09356 12501
0935 00357 052037R
0426 00360 002001
0427 00361 026425R
N428 00362 1A00228B
0429 00363 002002
0430 00364 026425R
~0431 00365 102691 .
0432 00366 027373R
433 00367 002404
0434 00370 C700548
0435 00371 003420
N4a3s 00372 1700278
04837 00373 03402Q0n
D438 00374 16007208
0439 00375 0700268
0440 00376 002004
0441 00377 0700208
Q442 00400 C34021B
0443 00401 1600218
0444 00402 002004
2445 Q0403 0700218
044s 00404 002400
0447 00405 0700538
0448 00406 026425R
0449 00407 160021
0450 00410 C02003 .
0451 00411 226413R
0452 00412 002404
3453 Q04313 0700408
0454 00414 0600538
.0455 Q0415 0920732
0456 00416 026425R
. 0457 00417 002404
0458 00420 070053u
D456
D460

SLA
JMP SLINE
LDA LINE
SZA

JMP ENDLI
Lia 1

CPA =ue}
RSS
JMP
LLDA
SZA
JMP BLK31
0TA 1
JMP
CLA, A
sTA LEC
CCA

STA P,
ISZ P.
LDA P,]
STA QADD
INA

STA P
I1SZ P4
LA P1,1
THA

STA P1
CLA
STA

BLK1
Ryl

LINE
JMP BLKY
Lba P1,!
SZA,RSS
JHP #e?
CLA,IMNA
STA ABORT
LDA LINE
SZA

JUP BLKY
CLA, IMA
STA LINE

ENDIT

IS A LINE BEING FLOWH?
YES
NO  HAS LINE JUST ENDED?

YES A
GET SWITCH REGISTER CONTENTS
ALL RBITS 3ET?

NO
YES - END THE FLIGHT
WAIT FQR MT QUTPUT TO END
THEN
CLEAR SWITCH REGISTER
TERMINATE

SET LINE END CALIBRATE FLAG
SET BUFFER STATUS T0O -1

T WRITE EQF AT END OF LINE
MOVE POINTERS TO NEXT BUFFER

REMOVE LIiE ON FLAG

NEXT CYCLIC BUFFER FREE?

MO, SET aBORT FLAG

HAS LINE JUST STARTED?
NO

KEMNEDY IS PRONFE TO ERRORS ON FIRST WRITE AFTER A LONG PAUSE -
TWIS PROBLEM IS OVERCOME BY WRITING A GAP BEFORE STARTING LINE

00421
00422

00423
00424

00425
00426
00427
00430

0701018
0600368
032033K
0700368

0340338

026450R
C62041K
0700344

BLK1

STA
LDA
10R
STA
1SZ K4
JUP  2MAG
LDA =Ds6
STA K5

GAPMY
OTPUT
=4

OTPUT

SET MT GAP FLAG
MAGNETOMETER CALIRRATE AT START
OF |INE

ONE SECON) READING?
NO



DATA ACQUISITION PROGRAM 22/6/73 ##s

PAGE 0012 01 «#s AJRHBURNE
0473 00431 1600178 OHE,Q LDA lnBF2,!
0474 00432 1700248 STA Q1,1
0475 00433 0340178 [SZ [InNBF2
0476 (00434 0340248 152 Q1
0477 0n435 034034b 1SZ K5
0478 00436 026431K JMP ONE, ¢
0479 006437 1600178 | DA INBF2,1
0480 (0440 0340178 1SZ INBF2
0481 00441 0700778 STA LSYN
0482 00442 1600178 ) LDA IMNBFe,1
0483 00443 0340178 ISZ [NBF2
0484 00444 070100B STA XSYN
0485 00445 062035R DA =De§
0486 00446 0700338 STA K4
0487 00447 0700658 STA ONES
0488 00450 1600178 ,2MAG LDA [NBF2,I
. 0489 00451 003000 = _ CMA
0490 00452 1700248 STA Q1,1
0891 00453 0340178 = ]SZ [nNBFZ
0492 00454 0340248 1SZ Q1
0493 00455 1600178 LhA INBF2,1
0494 00456 003000 CMA
0495 00457 1700248 _  STA G1,]
0496 00460 0340178 1SZ INBF2
0497 00461 0340248 _JSZ Qi .. .

TAKE READING FROM INPUT BUFFER
AND STORE IN CYCLIC RUFFER
BUMP ADDRESSES

_STORE DOPPLER SYNCHRO READINGS

_ALONG TRACK

CROSS TRACK

" SET ONE SECOND COUNTER

TRANSFER MAGNETOMETER READINGS

COMPLEMENY DANA LOGIC



ah mm =

. : ' )

PAGE 0013 02 +e#s AIRBURME DATA ACAUISITION PROGRAM 22/6/73 &=

0001new ) ,
FOLLOWING SLCTICN CONTRGL> DATA QUTP!HT TO CiART RECURDERS, THE 3
LEAST SIGNIFICANT DIGITS CUF EACH DATA CHANNEL ARE CONVERTED TO

0002»

BI'IARY AMD GUTPUT TO D/A GONVERTER,

T0O 4,89 VALTS FOR PULL SPAN,

AREREBY ZERD AND FULL SCALE

CHART RIFCORDERS ARF ADJUSTED

CALIBRATE FACILITY IS PROVIDED
IS QUTPUT To AlLL RECORDERS TO ALLOW

ACJUSTMENTS TO DBE MADE WHEN BIT 1 OF SWITCH REGISTER IS SET, AT
END OF LINE ZERG IS OUTPUT FOR 5 SEC FULL SCALE FOR 5 SEC,

1003+
0004+
0005+
0006+
3607 #
0008+
NO09waw
D010 00462 760053H
N011 00463 002002
0012 00464 0265506R
0013 00465 0A0054H
0014 00466 0N20C3
3015 D0né67 026477R
2016 Qn470 0024C0
0017 00471 0700548
J018 00472 23700508
1019 NnN473 0700528
1020 00474 02004
Jo21 Q20475 0700668
0622 Q0476 026514K
0023 00477 0603668
nN824 00500 Nn2p922
7625 00501 726514R
0026 00502 0600329
1027 00503 0352032KR
nez28 920504 G220°]
0029 00505 026556K
0e30 00506 102501
3031 00507 952036k
N632 00510 002001
9633 100511 026556R
. N634 00512 002404
7035 Q05313 070066H
1036 00514 0000528
0037 00545 £y2902
N638 00516 026535k
N839 10517 0600508
2040 00520 Cp2002
jo041 D0521 026526GR
2042 00522 002474
7043 00523 0700508
J844 Q0524 (0AH2047R
0045 00525 C70051H
D046 00526 234n51H
0047 00527 C2653I3K
0648 00530 002404
2049 00531 0700528
1050 0205382 026535K
00S1 0nS33 L6400
0852 00534 026553K

ClLiCHi

cacHo

cnenl

LDA LINE
SZA

JHP LINI
LA LEC
SZA,RSS
JIP CuCH
CLA

STA LL&C
STA CaLl
STA Cal3
INA

S5TA CALS
JMP CHCHO
LDA CALS
SZA

AMP CBCHQ
LDA K
CPA =suUs5Q
KSS

JIP LINT
L1a 1

CPA =D2
RSS

JUP O LINT
CLA, TIA
3TA CALS
LDA CALS
SZA

JHF CHCHS
LUA CaAL}
SZA

JMP #+5
ClLA, MNA
STA CALY
Lha =[1=25
STA CAal2
[5Z CAL2
JMP CHCHY
CLA, A
STA CAL3
JHP #+3
CLb

JHUP CALCH

LINE IN PROGRESS?
YES
LINE END CALIBRATE?

YES

SET calInRnaTE FLAG
CALIARATE IN PROGRESS?
YES

START OF 10 SEC BLOCK?

N

GFT SKITCH KEGISTER

1S CALIBRATE 817 SET?

NQD
SET CALIBRATE FLAG

DO FULL SCALF PART MOW
START QOF ALJBRATE CYCLE?

NO

SET 5% SECHND CQUNTER
5 SF& UP?

YES = START FULL SCALE CAL

OUTPIT ZERO ON ALL CHANNELS



PAGE 0214

0n535

J2 ##s2 AIRBORNE

DATA ACQUISITINN PROGRAM 22/6/73 #ae

START OF 40 SEC BLOCK?

NO - CONTINUE CALIBRATE
YES - RESET CALIBRATE ZERO
IS CALIBRATE BIT STILL ON?

YES -~ CONTINUE
NO - CLEAR CALIBRATE FLAG

QUTPUT FULL SCALE ON ALL PENS

TG CHART RECNRDERS s#we

0055 - 0600328 CiiCHD LDA KS
0856 170536 N52032R CPra =lie5Q
0057 00537 92001 RSS

9658 00540 C26551% JHP CUCHY
Ne5¢ 0nS541 006420 ClL.E

0060 00542 0740508 STk CALZ
D6y 30543 0740528 STB CALS
0062 00544 102501 LIA 1
PB63 (ONS45 0H2036K CPA =02
1664 00546 026514R JMP CBCHU
0865 00547 0740668 STB CALS
0066 00550 026556K JIP LINY
J067 D0551 Ca6043R CRCHY LDB =01000
21868 00552 326553k JMP CALGCH
2069 00553 062037R CALCH DA =zuei
0070 00554 016764R JSB L HTA
0071 00555 026665R JMP BLKEL
J0729%%

0073# GEOPHYSICAL UATA OUTRUT
N074nns v

9075 00556 026006%% LINL LIJA ONES
1076 30557 0020038 SZA,R5S
7077 00560 026643R JHP MCHAR
7078 00561 062756R LNA LRD
267 00562 N72757R STA LKA}
7880 00563 0340568 1$2 RESET
J081 00564 026572R JIP NOSET
Np82 V0565 202400 CLA

2083 20566 N72760R STA LR
0084 . Gy567 272761R STA LK+1
ne85 00570 072762R STA | R+2
nN08&s 00571 072763R : STA K+
J087 00572 1600254 NOSET LDA Q2,1
J08H 00573 N34025H 1SZ @2
19089 00574 N17011R JSB RUDH
1090 CnS75 0317042K JoK FS500
3091 00576 QU7904 CMB, INB
9892 20577 046043R - ADB =01000
093 00400 D62023R LDA =u3
2094 00501 N16764R JSB ,UTA
095 00602 D34025H 152 Q¢
1096 0D06UI 160025H LDA e, !
N097 Ind04 034n2dH 152 Q2
2098 00605 017911R JSB RBCDH
0099 0nN&0& D46745R JOR DESCL
0100 00A07 246)44R . ADR =D1gyp
0101 00410 246045K ADB z1=10000
2102 00611 J06n20 SSK

0103 0n612 246046KR ANB =010000
2104 00513 J06A2Y33K LUA =114
0105 30514 016764R JSE T, UTA

OHE SECOND INTERVAL?

N

SCALERS RCSET IMMEDTATELY AFTEF
10 S¢EC S0 CLFEAR LAST READINGS

PICK UP R:i READING

BUMP ADDRESS

COMVERT T BINARY

500 METRES FULL SCALE AND

CIYVERT ALTITULE PROFILE

QilITRIIT TN CHART THROUGH D/A
SKIP OVER FIDUCIAL NUMBER
SPECTROMETER CHANNEL 1

BU'P ADNRESS

COIVERT Too BINARY

TAKE DIFFERENCE

AND 100 CHUNTS TO SHIFT BASELIM

TEST IF NoW EXCEEDS 1000

TOTAL COUT 1000 FSD
O D/7A CHANNEL B



PAGE 09015
_0t08 00615
0109 20616
0110 00617
0111 Jo0%20
9112 00621
D113 00622
0114 00623
0115 00524
0116 00625
0117 00626
0118 900627
0419 20630
0420 00631
0121 00632
0122 00633
0123 00634
0124 00635
0125 00636
9126 90637
0127 920540
0128 0064l
0129 00642
0130 00643
0131 00644
0132 00445
0133 00646
0134 00647
N135 00450
0136 00651
0137 00652
0138 00653
0139 00654
0140 004655
0141 00656
0142 00657
0143 00660
0144 Q0661
N145 00662
2146 005663
D147 00564

02 -awe AIRBURNE

1600258
0340258
017011R
016745R
N317050K
D62047R
016764R
1600258
0540258
017011R
016745K
046050R

917037R

CA2051R
0l16764R
1600258
034025y
017011R

016745R

017057R
J62052R
016764K
1600258
070057y
0340254
1600258
1700608
0340253
T17011R
077072R
0A2036R
016764R

CH7072R

Cl704<R
C02404
016764R
067072R
017050R
0024%0

016764R

MCHAR

LDA
Isz
JSB
JSB
JSH
LDA
JSB
LDA
Isz
JSB
JSB
ADR
JSB
LDA
458
LDA
182
J5B
JSB
JSB
LDA
JSB
LDA
STA
182
LDA
STA
1S2Z
JSB
STR
LUA
J5B

LB

JSB
CL.A
JSB
LB
J5B
CLA
JGB

DATA ACQUISITION PRIOGRAM 22/6/73 #&sn

Q2,1
G2
BCDB
DESCL
FS250
=u5
LUTA
Q2,1
Q2
BCDH

DESCL

sDip
F51Q0
2i)6
WUTA
p2,1
Q2
LD
UESCL
FS100
sl)7
JUTA
02,1
TFO
(e
0e, 1
TPC#1
ne
BCDH
h ST,
=42
WvUTA
FST,
Fs500
s LA
l“TA
WHST,
Fs250

WUTA

SPECTROMETER CHANNEL 2
COUVERT To BINARY

K COUNT 250 FSD
ON
N/A CHANNEL 6
SPECTROMETER CHANNEL 3

COMVERT Tn BINARY

AND 40 COuUNTS TO SHIFT BASELIN
v COUNT 1u0 FQD

oY D/A CHaNNEL 7
SPECTROMETER CHANMEL 4

CONVERT Tn BINARY

TH COUNT 300 FSD
OH N/A CHANNEL 8

GET 110ST SIGNIFICANT MAG DIGIT
AND SaVE :
BUMP ADDRESS
GET 4 LEAGT SIGNIFICANT MAG
NIGITS Ar:D SAVE
BUMP ADDRFSS
COMVERT

1020 GAMMAS ON D/A CHANNEL 3

500 GAMMAS ON D/A CHANNEL 2

252 RAMMAR ON D/A CHANMEL 1



PAGE 0016

0150 00665
0151 00666
9152 00667
0153 00677
N154 09671
01455 00472
0156 00673
0157 00674
0158 00675
1459 00676
9160 00677
0161 00700
N162 00701
LT REX R

g2 weu

AIRBORME DATA ACQUISITINM PROGRAM 22/6/773 #as

3600458 bBLKR1 LUA CHES

£02003

126700K
0024200

2700654
2609778
0641700
316003X
200060

066U52R
017073R
034p3¢H
N271<0R

LOPAD

NODUP

SZA,RSS
JHP NOUDOP
CLA

STA OHES
LDA LSYN
LDB XSYN
JSB LOPQO
NOP

LB DISPA
JSB REG40
[SZ K3
JIP MTO

IS IT A OE SEC INTERVAL?

N

PICK UP DOPPLER READIMGS AND
GO TO DOPPLER ROUTINE
ADNRFESS OF DOPPLER IN RUFFER

QUTPUT TOQ 40 BIT REGISTER
EWN NF 1n SEC BLOCK?
NO

N164% END OF 10 S&C FLRIOD, I FLYING LINE RELEASK FULL CYCLIC HBUFFER

0165% FOR MAGHUETIC

D166%%#

0167 00702
0168 00703
0169 D0704
0170 920705
0171 a0706
N172 00707
0473 00710
0174 90711
0175 00712
1176 00713
N1477 920714
0178 20715
0179 00716
0180 00717
N181 00720
0182 Q00721
0183 9n72?

0600534
J02C733

C267a0R
cnz244

1700208
£34020H
1600208
0700p26b
002074

070020b
034071y
1600218
002074

N70021H
0024%4

N70001u
N27120R

BlLKE2

bLKtb‘

TAPE GUTPUT aND HOVE

LDA LINE
SZA,RSS
JIIP BLKED
CLA,ImnA
STA P,
ISZ P

LWDA P,
STA caDD
INA

STA P

1SZ2 P}
LUA P,
INA

STA F1
ClLA, [HA
3TA BEGIN
JMP MTQO

IHPUT PQ1 ;TERS TO MEXT RUFFEP
FLYTNG LINE?

NO

YES -~ FLAG HBUFFER FGR QUTPUT

MOVE INPUT POINTERS T0O NEXT
CYCLIC BUFFER

SET START NEw BLOCK FLAG

GO TN MT AUTRUT CONTPNL SECTIH




PAGE 0017 -02 ‘#ee AIRHBORNE DATA ACQUISITION PRAGRAM 22/6/73 sos

QtB86wss e o L i . .
0387+ SHORT BLOCK PRUCESSUR, IF LESS THAN FIFTY 072 SEC INTERRUPTS
0488» BETWEEN 10 SEC, PULSES UMUSED PART OF CYCLIC BUFFER IS FILLED W]T
0489+ ZEROS AID RELEASEJ FOR CUTFUT,

N190s#s

0191 00723 002400 SHORT CLA

0192 00724 9700628 STA SFLAG cLEAR

0193 00725 0600538 LDA LINE

0194 00726 512003 SZA,RSS

0195 00727 026720K JHP BLKED I1GHORE [F LINE OFF

0196 020730 160021 LDA F1,! '

0197 20731 Co2002 SZA

0198 00732 026720R JEP BLKES IGNOPE IF BUFFERS FULL
0199 00733 0600238 LDhA @ ‘

nN20u 00734 203004 CMA, [NA

0201 00735 0400248 ADA Q1 CAL.CULATE NUMBER OF UNUSED
0202 00736 042053K ADA =Uel64 WORDS IN RECORD

0203 00737 £064°0 cL.s

0204 00740 1740248 BFILL STB Q1,I FILL UNUSED PART WITH ZERQS
0205 0n741 C34024u 1SZ 01

0296 20742 034000 I1sZ 0

0207 00743 02674GR JMP BFILL

0208 00744 226795K JIP BLKE2
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PAGE 0018

f211#ae

02 wee AIRBURNE DATA ACQUISITION PROGRAM 22/6/73 ##s

0212anensnnn VARIOUS SUHRGUTINES weonsssatdosan

0213wun
021dnnn

0215### DESCL CALCULATES 1 SECOND CQUMT RATES BY TAKING SUCCESSIVE

D216#s8 DIFFERENCES OF SCALLR READINGS

N217%nw

D218 Q0745
9219 00746
3220 00747
0221 00750
0222 00751
0223 9d0752
01224 00783
0225 J0754
0226 00755
1227 00756
p228 00757
2229 00760
0230 #nw

cogoo0o
074000
146757k
003004
172757k
9136757R
006020
046043R
126745K
CO0760K
ganoco
gagpno

DESCL NOP

LRD
LRAD
LE

5T8 0

ADB | rAD, I
CHA, INA
STA LRAD,!
[57 LRAD
SSH

ADB =p100D

JHP DESCL, |

WEF LK
BSS 1
BSS 4

0231##% ,UTA JORKS THE Dya MULTIPLEXER, ON FEMTRY » CONTAINS THE ouTPUT

N232#«% DATA AND A COuTAINS THE CHANNEL,

0233¢%» PRODUCED ON CHANNELS 1-8

N234nun

1235 J0764
0236 00765
0237 00766
N238 00767
0239 900770
J240 0n771
2241 00772
3242 00773
0243 00774
J245 00775
J24& 00776
0247 Q00777
0248 01000
1249 01001
0250 019002
1251 041203
1252 01004
9253 01905
3254 01906
025% 01707
na2se 021210

200000
002026
026775R
091727
001720
930021
102612
103712
126764R

Ch2034R
073010K
106612
103712
05700
PI6904
005727
n057920
037010R
026777R
126764R
gocpac

1 DT A

103

LP8

crq

NOP
55A

JUP 103
ALF ) ALF
ALF

10R 13

OTA DASC
STC DASC,C
JMP L DTAL

LDA =D=8
STA CC1
CTB DASC
STC DASE,C
BF

IMNK
BLF,BLF
BLF

{sZ cC1
JHP LPB
JMP L,UTA, I
NGP

IF A IS LEGATIVE QUTPUT 1S

OUTPUT ON ALL CHANNELS?
YES

POSITION CHANNEL NO,
MERGE IN DATA

QUTP!IT ON CHANS 0 TN 7

NEXT CHAY EL



PAGE 0019 02 -##s AL]IPBORNE DATA ACQUISITINAN PRNGRAM 22/6/73 ass

b

0260#+# BCDB CONVERTS A THREE DIGIT BCD QUANTITY TO BINARY
0261wes

0262 01011 000000 BEDE NOP

0263 01012 001727 ALF , ALF POSITION FIRST CHAR
0264 01213 073040R STA TxX

0265 01014 012026K AND =817

0266 01015 C64020 LDB 0

0267 01016 017032R JSB MuL

0268 01017 063040K LDA TXX

0269 01920 201790 ALF POSITION SECOND CHAR
0270 01021 073040K STA TXX

Q271 01022 012026R AND =B17

3272 01023 0440CC ADB 0

0273 01024 017032K JSB MuL

0274 01025 063040R LDA TXX

Q275 01026 001770 ALF PUSTITION THIRD CHAR
0276 01027 2120726k AND =p17

0277 01930 044970 ADB

0278 01031 127041R JMP BLDO, I RETURN WITH BINARY I® R
0279 01032 000000 MUL NOP

0280 01933 0050°0 BL.S

0281 01034 077041R STB TXY

0282 01935 005020 BLS,BLS

0283 01036 047041R ADR TXY

0284 04037 127032K JMP MUL, I

0285 01040 000020 TXX BSS 1
0286 01041 00000C TXY BSS 1




PAGE 0020

D289#xw

0290%#% THE FOLLOWING GROUP OF SUBROUTINES PROVIDE 500,250
FULL SCALE QUTPUT ON THE CHART RECORNERS,

0291 #%%
02924 %%
0293 01042
0294 01043
0295 01044
- 0296 01045
0297 01046
0298 01047
0300 01050
0301 01051
0802 041052
0303 01053
N304 01054
D805 01055
0306 01056
0308 01057
0309 010690
0310 91061
9311 01062
0312 01063
0313 01064
0314 01065
0315 01066
0316 01067
9317 04070
0318 01071
0819 01072

02 - #w#s AIRBORNE DATA ACQUISITION PREGRAM 2/6/73 #us

000000
046054
0n6020

046055KR

005000
127042R

0009000
046056R
006021
027051k
D460H7R
005020
127050R

000000
046060K
Co6021
027060R
046044R
g0500G0
077071R
gosp20
C47071R
127057R
600000
coog20

)
Ty

5500

F5250

FS100

1 FSTM
1 FST,

NOP
ADB
SSe
ADH
BLS
JMP

:UuSUO
=500

Fs500,1

NOP

ADB =zP=250
S5B,RSS

JMP #=2

ADB z0250
BLLS,BLS

JMP FS250,1

NOP

ADB =De300
S5B,RSS
JHP #wm2
ADB =0100
BLS

STR ,FSTH
Bl.S,BLS
ADB ,FSTM
JMP FS100,1
NOP

NOP

AND 100 UNIT

500 UMITS FULL SCALFE

250 UNITS FULL SCALF

100 NNITS FULL SCALFE




PAGE 0021
0322 01073
0323 01074
0324 01075
0825 01076
0326 01077
0327 01100
0328 01101
0329 01102
0330 01103
0331 01104
9332 01105
0333 01106
0334 01107
0335 01110
0336 01111
0337 01112
0338 011313
0339 01114
0340 01115
0341 01116
0842 01117

22. #a#s AIHBORNE

200020 RFEG4aY
106716

002400

102616

160001
102616
006004
160003
102616
306004
160001
102616
006904
160001
102616
po6pl4
160007%
102616
103716

127073R

000000 REGCHW

NOP

cLC
CLA
oTA
LDA
OTA
INK
LDA
OTA
INB
LDA
OTA
INB.

LDA

0TA
INB
LDA
NTA

STC .

JMP
ocCT

DATA ACQUISITION PRAGRAM 22/6/73 wee

REGSC

REGSC
1l
REGSC

1.1
REGSC

1,1
REGSC

L
REGSG

101
REGSC

REGRC, C.

REGAU,
0

4t RIT OUTPUT REGISTER DRIVER
PRESET INTERFACE LLDGIC

QUTPUT CONTROL WORD

QUTPUT 1ST 8 BITS
QUTPUT 2NN 8 BITS
oUTPUT 3R;y GROUP
QUTPUT 4TW GROUP

OQUTPUT FInAL 8 BITS
GIVE ENCODE CQMMAND




PAGE n022 03

#e8& LAIKRBORNE DATA ACAQUISITINN PRNGRAM 22/6/73 ueas

FULL CYCLJIC BUFFER WAITING IN
QUTPUT 2UEUE?

NO

GET MT RECORDER STATUS

MT BlLISY?

NOD

YES

JUST STARTING NEW QPFRATIOM?

NO

YES - SET FLAG AND COUNTER TO
ALLNW APPRUX 3 SECOMNDS FOR
OPERATIAN TO BE COMPLETED

HAS THE 3 SECOND TIME LIMIT
EXPIRED?

NO - GO BACK TO START OF LOQP
YES -~ CLEAR TAPE RECORDER AND
PESTART THE QPERATIOM

SAYE NT STATUS
ANN TRA! SMISSION NG

JUMP TO APPROPRIATE MT ROUTINE
ADDRESS STOREL HERE
NUFBER OF WRITE ATTEMPTS ALLOW

08012¢sn

0002+ MAGNETIC TAPE OUTPUT CONMTROL ROUTINE#esenasaass
0803 #nax

0004 21120 1600228 MTO LDA R, 1
0005 01121 002073 SZA,RSS
0806 01122 926277k JHP AAA
0007 01123 24160741x JsB ,10C,
0008 01124 040010 QCT 040010
0809 01125 902021 " SSA,RSS
0810 01126 C27157R JIUP MTO2
0011 Q1127 0601738 LDA MTFLG
0012 01430 002y°2 S7A

0013 31131 027142R JMP MTO1
0814 01132 002074 ItiA

0015 01433 0701038 STA MTFLG
0016 01134 0600375 LDA K3
0017 01135 042064iR ADA =D18
-00418 01136 002021 SSA,RSS
0019 01137 9242032R ADA =Us50
08620 01140 07041028 STA MTIME
0821 01141 026277R JHP AAA
7022 01142 0601728 MTO1  LDA MTIME
0823 01143 35500324 Cra K
0024 01144 092001 RSS

d025 01145 026277R JHP AAA
3826 013146 216004X JSB ,l0¢C,
3627 01147 000010 OCT 06001n
0e28 01150 C024C00 CLA

0029 01151 07019038 STA MIFLG
0830 01152 0700748 STA MTFN2
0031 Q01153 CQ2004 INA

0832 01154 ©701018 STA GAPMT
0033 01155 N271&7R JUP WRITA#1
0034 01156 C27161K : JMP #+3
0835 01157 2700678 MT02 STA MISTF
D036 01160 0740708 STR XLOG
3637 01163 002400 CLA

0638 01162 0701238 STA MTFLG
0039 01163 127164R JHP ##1,1
J040 01164 000020 MTFN NOP

D041 01165 177775 ATNUM DFC =3



PAGE 0923 03 ses AINRBURNE DATA ACGUISITINN PRNGRAM 22/6/73 awan
DP44nusn ~
NB45% INITIATE WPITE OPuRATION AND SET JUMP ADDRESS TO CHECK ROUTINE
0046%nsw
0047 01166 0N1167R WEITA DEF «+1
0848 01167 1600228 LDA R,
0849 01170 002070 SSA DATA RECQSD QR Fen=F?
0850 01171 027242R JHP ENDF WRITF FND=-OF~FILE
3651 01172 060101b LUA GAPHMT FIRST RECHRD QF LINET
1052 01173 Con20°3 SZA,RSS
0053 01174 Q027200R JHP aed NO
0654 01175 C02400 CLA A CLEAR WRITE SELECT BIT ON MT
7655 01176 2701018 STA GAPMT INTERFACE, WILL CAUSE A GAP
9056 01177 102614 OTA MTRSC AUTONATICALLY ON NEXT WRITE
0057 01200 0A3165R LDA ATNUM '
0858 01201 0700378 STA ATTND ALLOY THREE WRITE ATTEMPTS
2859 01202 1600278 LDA SADD, ] GET ADDRESS OF CYCLIC RUFFFER
0060 01203 067275R LB RUFFQ ADNDRESS DF OUTPUT RUFFER
0061 01204 0L17473R JSB RUFF] CONMVERT T BINARY, ADD CHECKSL
0062 01205 063274R LOA READC GET READRACK CONTRQL WORD
D863 01206 502020 SSA NEGATIVE?
d064 01207 C27231R JMP RETRY YRS - MO READBACK POSSIBLE
N065 01210 092093 SZA,RSS ZERD?
0066 01211 N27222R JHP WR]IT2 YES - NO AUTO CHECK READ
0067 01212 0340728 1SZ RCNTR 1S IT THE NTH RECORD?
0068 01213 027222R JMP WR]TZ2 NG
D869 01214 N63274R LDA READC YES?
08670 01215 003074 CHA, INA RESET RECARD COUNTER?
0071 01216 0700728 STA RCNTR
3872 01217 092494 WRIT1 CLA, IHA SET CHECK READ FLAG
0073 01220 0700741 STA MTFHNR
Q0874 01221 C27231R JIP RETRY ] . _ A
0075 01222 102501 WRITZ L1A 1 HAVE A LONK AT SWITCH REGISTER
0076 01223 0520562R CFA =U1 IF BIT 0 35ET READ BACK AND
9077 01224 0020201 KSS CHECK Tw1S RECORD
0078 04225 027231R JMP RETRY
0079 04226 202470 CL.A
0080 01227 102601 0TA 1
N681 01230 C27217R JHMP WR]T1 :
1082 01231 036136C RETRY 1SZ BUFZ#+3 [HSERT ATTENPT NUMBER
Q083 049232 0160C1x JSB ,lo0cC, INITIATE RITE
1084 21233 020110 GCT 020110
9085 01234 1n203% HILT 338 REQUEST R JECTED?
0086 01235 002133C BUFFO DFF BUFZ
0087 01236 177064 DEC =460
0088 01237 £63252R LUA MTCHK SET JUMP ADDRESS TO MEXT
0889 01240 073164R STA MTFHN MT PROMESSOR ROUTINE
1090 01241 026277R JHP AAA
0891 014242 0160791X ENDE JSB ,10C, WRITE ENDeOF-FILE
0692 01243 230110 OCT nN30110
0093 01244 10203 HLT 3$B REQUEST REJECTED RY ,10C,?
0094 01245 790070 NOP
089% 01246 DPunQ"G NOP
D896 01247 7AIDB2R LA MTCHK
N097 21250 2731%4R STA MTF N
1098 01251 C26277R JIP AAA




PAGE 0024 03 #se LIRBORNE DATA ACQUISITION PROGRAM 22/6/73 nxsn

04010%e

0802+ CHECK WRITE ON COMPLETION OF OPERATION THEN IF READING RACK

0203« REQUIRED ["ITIATE BACKSPACE
Nt04uns
0405 01252 001253R MTCHK DEF #+1

0106 01253 1400228 LA R,
01t07 01254 002020 SSA

0¢08 01255 027311k JHP QKAY
02809 01256 0600671 LDA MTSTF
0110 21257 012363k ALID =840
0111 01260 202022 SZA

0112 21261 102055 HLT S9B
0113 01262 0600675 LDA MTSTF
U114 91263 001323 RAR, RAR
0115 921264 . 000010 SLA

d116 01265 102044 HLT 44B
0117 21266 031230 RAL

3118 91267 092011 SLA,SRSS
0119 01270 0600748 LDA MTFN2
0120 921271 202002 SZA

0821 01272 227324Rr JIP CHECR
0122 01273 027311R JMP OKAY

0423 01274 000070 REAUC QCT 9
0124 01275 05600368 NXTRY LDA QTPUT

0825 01276 032062R I0R =u1
0126 01277 C70036H STA QTPUT
0127 01300 0340378 [SZ ATTNC
0128 01301 042001 KSS

0429 01302 027306KR JUP QUIT
0£30 01303 0600408 LDA ABORT
0131 04304 002003 SZA,RSS
0832 01305 027231R JMP RETRY
0433 01306 2600368 QUIT LDA OTPUT
0234 01307 032036R [OR =D2
0135 01310 0700368 STA OTPUT
0436 01341 0024C0C OKAY CLA

037 01312 C700408 STA ABORY
J138 01313 1700228 STA R,I
0439 01314 0340226 ISZ R
0140 01315 1600228 LNDA Ry
0141 01316 070027b STA SADD
0842 01317 002004 INA

0443 01320 2700228 STA R
0144 01321 063166R LDA WRITA
0145 01322 073164R STA MTFN
0146 01323 026277R JHP AAA

DATA RECO=D OR EQF?
EQF

GFT STATYS

TEST END=0F-TAPE RIT

48882l NDaQF -TAPE #asas

POSITION WRITE ENABLE BIT
TEST
WRITE ENARLE KING MISSING
POSITIOM PARITY ERROR EIT
TEST

BUHP ERROR COUNTERS

ANOTHER ATTEMPT?
GIVE up

ALL RUFFERS FULL?

NO -~ TIME FOR ANQTHER TRY
YES ~ FORGO FURTHER ATTEMPTS
ANT) BUMP ERROR COUMTER 2

CLEAR POSSIBLE ABORT FLAG
RELEASE PUFFER
MOVE POIMTERS TO MEXT BUFFER

SET JUMP ADDRESS



PAGE 0025 (3 #e#x AIRBURNE DATA ACQUISITION PROGRAM 22/6/73 ##a

0149 01324 Cléulix CHECR JSB ,10C, ISSUE BSP COMMAND
0450 01325 031010 0CT 31040
0151 01326 152033 HLT 33B REQUEST REJECTED?
0152 01327 200000 NOP
0£53 01330 000000 NOP
0154 01331 C0A33I6R LOA READPR SET JUMP ADDRESS
0155 01332 073164K STA MTFN
0156 01333 202400 CLA RESET FLAG TO READ OMLY
0157 01334 070(74u STA MTFNg
0158 01335 026277R JMP AAA
115G unn
0460%# INITIATE REAU Ot COMPLETION OF BACKSPACE
Q161 wwe
1162 01336 001337R READR DEF #+1
0363 01337 016001X JSB ,lo0C, READ BACK THE RECORD
0164 01340 nigoplo 0CT 1u0iyp
0165 01341 102033 HLT 338 REQYEST RLJECTED?
0166 01342 001560C BINY DEF BUFY

0167 01343 177064 DEC ~460 _
0168 01344 063347R LDA VERFY SET JUMP ADDRESS
0169 01345 073164R STA MTFN
0170 01346 026277R JMP AAA
0t719%»

D272+ CHECK READ OPCERATION AND COMPARE DATA READ 2ACK WITH DATA IN
0173% OUTPUT BUFFER

0174%a»

0275 01347 CU1350R VERFY DEF w+1 ,

0176 01350 2640708 LDB XLOG GET TRANS:ISSION LOG
0177 01351 005665 ELB,CLE,ERB  CLEAR MODE BIT
0178 01352 056064R CPB =1460 CHECK FOR CORRECTY LEMNGTH
0179 01353 002001 RSS _ o

0180 01354 027275R JIP NXTRY WRONGB  TRY AGAIN
0481 01355 062065R LDA =z0e23p

Nt82 01356 073737R STA 1wX1

0¢83 01357 063342R LDA BINY

0184 01360 C73740R STA [NX2

0185 013641 067235R , LbB BUFFO

0186 01362 163740R CMPAR LDA INX2,]

0187 01363 150071 CPA 1,1

1188 01364 202071 RSS

0189 01365 027275R JMP NXTRY ERROR

0190 01366 0206024 INB

0191 014367 037740R 1SZ InNX2.

0192 01370 C37737R 1S7 InX3

0193 01371 C27362K JIMP CMPAR

0t94 01372 N27311R JHP OKAY N0 EPRORS




PAGE 09026 03 «as AJKBORNE DATA ACQUISITINN PRAGRAM 22/6/73 #xs

0t97susn

0198« AT END NOF FLIGHT «RITE 3 £OFS THEN REWIND AND UNLOAD TAPE
0199 %%

0200 31373 062066RKR ENDIY LDA she3l

0201 01374 073737R STA 1NXL
0202 01375 Q160C1Xx EOFS JSB ,lO0C, WRITF EOF
1203 01376 030110 0CT 3uli0

0204 01377 102033 HLT 338 REAUEST REJECTED?
0205 01400 0000NO NOP

0206 01401 0000Q0C NOP

0207 01402 016071X Jsg ,log,

N208 01403 C40010 OCT 40010

0209 01404 0$l2020 SSA

0210 01405 027402R JMP #-3

0211 01406 037737R 152 InX3

0212 01407 027375k JMP EOFS

0213 01410 C16001x JSB ,]o0C, UMLOAD TARE
0214 01411 030510 0CT 3u510

0215 01412 102033 HLT 338 REQUEST REJECTED?
0216 01413 Cogono NOP

0217 01414 000000 NOP

9218 01415 016001x J5B ,10C,

0219 01426 n40040 OCT 4u010

0220 01417 002020 SSA

0221 01420 027415R JMP #=3

0222 01421 102077 KL.T 778 THE CND
0223 01422 C27421R JMP 8~1




PAGE 0027 03 ##& A]IRBORNE DATA ACQUISITINN PROGRAM 22/6/73 #asw

0226#== . _

0227« TRAMSFER DATA FROM CYCLIC BUFFER AND AFTER =~0ONVERSION TO 24 RIT
0228+« BIARY STOPE [N QUTHUT KUFFER, CALCULATE 24 BIT CHECKSUM AND
0226# STORE W]TH DATA

023yess 7

0231 01423 0N0020 BUFFI NOP CNIVERT ReD TO BIMARY AND
0232 01424 073731R STA BUFRX Ii] THE M7 QUTPUT BUFFER
2233 04425 0777235R STB BUFAD

D234 01426 063736R LDA BLNUM

0235 01427 202024 IMNA [NCREMENT THE BLOCK NUMBER
0236 01430 073736R STA BLNUM

0237 01431 0120467R AMD =p8170000

0238 01432 001700 ALF ‘

0239 31433 170071 STA 1,1 STORF UPPER FQUR RITS
0240 01434 296174 INB

0241 01435 063736R LDA BLNUM

0242 01435 012070R AND =8B7777

0243 01437 170091 STA 1,1 STORE LOWRR 12 BITS
0244 01440 02960194 INB

0245 01441 002470 CLA CLEAR ATTEMPT NUMBER
N246 01442 170090} STA 1,1

1247 0143443 006004 INB

0248 01444 1772024 STA 1.1

D249 01445 006004 INB

0250 01446 D77732R STB BUFR1 SAVE START ADLDRESS OF CKSUM
0251 01447 062071R LDA =l=4

J252 01450 073737R STA INXi

2253 01451 1643731RK DNPSLU LDA BUFRX,] TRAMNSFER NOPPLER CQORDS
0254 01452 170004 - STA 1,] ALLREADY IN BINARY

025% 01453 0377341K [SZ BUFRX

0256 01454 006074 INB

0257 01455 237737R 187 Inxi

2258 01456 027451K JMP DUPS(

0259 01457 077734R STH BUFRQ

0260 01460 062072R LDA =[1«30

0261 Q1461 073737R STA [inXi

0262 01462 062041R FIDL LDA =ie-§

0263 01463 073740R STA INX2

0264 01464 163731R NXT  LDA BUFRX,l  GET A BCD WORD

0265 01465 017576R JSB BCDI1 CONVERT Tpo BINARY

N266 01466 017654R JSB BPACK STORF IN nUTPUT BUFFER
N267 01467 037731R 1SZ BUFRX BUMP ADDRESS

D268 (01470 037740R 1SZ2 InNX2

0269 01471 027464R JMP NXT

0270 01472 062035R LDA =sus5

0271 01473 073740R STA INX2

0272 01474 163734R MAGZ LIDA BUFRX,1

D273 01475 0700418 STA TT1 SAVE MOST SIGNIFICANT DIGIT
0274 01476 037734R [SZ BUFRX

0275 01477 163731R LA BUFRX, I

0276 01500 Q17576R JSB BCDIL CNMVERT 4 LSD TO BINARY
D277 01501 202470 CLA

J278 01502 2700428 . STA T712

N275 01503 000041R LA TT11

1280 01%064 017634k JSB BCDIZ2 COLVERT M50 70 HBIWARY




PAGE

0283
0284
0285
1286
n287
1288
1289
029y
0291
0292
D293
0294
0295
0296
30297
0298
1299
2300
1301
1302
1303
D304
1305
0336
33Q7
3304
0309
2310
1311
2312
0313

3315
0314
0317
031R
2319
0320

. 0321

0322
0323

0324

0928

01505
01506

01507

01510
01511
01512
01513
01514
01515
01516
01517
01520
21521
01522
01523
0152

01525
01526
01527
01530
01531
01532
21533
01534
01535
711556
21537
015490
01541
01542
01543

01544
01545
91546
01547
31550
21551
31552
01553
01554
314555

D3 «8s# A]lCHBORNE

017664R
N137731R
N37740R
C27474R
237737R
127462R
063732R
202074

373733R
J32400

D73741R
017544R
063732R
073733R
0637472R
073741R
117544R
062065R
173737R
163735k
312073R
no122¢

0700418
163735K
01207 4R
7300448
173725R
C37735R
N37737RK
N27530R
127423R

000000
002400
073743R
062075R
0737¢4R
163733K
090040

P43741R"

202040
I877435R

CHegxS

PrR232

CKSUM

LOOFS

JS8
152
152
JHP
[SZ
JMP
LDA
INA
STA
ClA
STA
JSB
LDA
STA
LDA
STA
JSB
LDA
STA
LDA
AND
RAL,
STA
LDA -

AND

JOR
STA
182
1SZ
JMP
JHMP

NOP

CLA
STA
LDA
STA
LDA
CLE
ADA
SEZ
[SZ

DATA ACQUISITINN PRNGRAM 22/6/73 #x=»

BPACK
BUFRX
[nXe
MAGZ
119X,
FIDY
RBUFR1

BUFR2

SUM
ChSUM
BUFR1
BUuFpRe
SUML
SUM
CRSUM
==230
INXL
BUFAD,
=7700
RAL

TT1
BUFAD, I
=HM77
TT1
BUFAD, |
BUFAD
Xy
pr2d2
BUFFI,1

CARRY
=De312
SNUM
BUFRg, !

SuUM

CARRY

FINISHED @LOCK?

CALCULATE 24 BIT CHECKSUM

ADD RITS a-11

ADD CAPRY FROM PReEVIOUS ADD
ADD RBITS 12-23

UNPACK 12 BIT WORNS TO FORM
TWN 6 RIT BYTES FOR MT

SET WORD COUNTER

CARRY FRQ: BIT 15?7

YES BUMP CARRY COUNTEP




N8345#+ SUIROUTINES USEN IN

PAGE 0029
0%27 01556
0328 11557
0325 015640
0330 01561
9331 01562
0332 01563
0333 01564
0334 01565
0335 01566
n336 91567
0337 015790
0338 01571
033 01572
0340 01573
0341 01574
0342 01575
N344nss
N346#un
N347 01576
1348 01577
0349 01600
1350 Q1501
1351 01602
3352 01503
0353 nN1604
0354 01605
0355 (01606
0356 Q154607
0357 21610
1358 91511
2356 D1612
0360 01613
0361 01614
D362 N1415
0363 01616
0364 01617
1365 01520
0366 01621
0367 01622
01368 (01623
0369 01624
1370 01425
N371 01626
037z 01427
N373 01530
0374 01631
1375 01632

91633

0376

J3 #* &35

073741R
037733R
587733R
137744R
0275%1R
163741R
212067k
201720
067743R
005700
040001
073742R
263741R

012070R

173733R
127544R

03C0C0
0017290
0700428
012026R
064070
017626R
960042y
cn170¢C
1700428
01202¢K
044070

017676K

0600420
£o1720
0700428
012026R
0440700
017626R
0600428
001730
012026R
244000
0n2420
127576R
poopna
205000
0740448
tu5020
2440448
127676R

BODIL

BY1u

AITRBORNE

STA
1S2
152
152
JHP
LDA
AND
ALLF
LnB
BLF
ADA
STA
LDA

AND

STA
JIMP

NOP
ALF
STA
AND
L0B
J5B
LDA
ALF
STA
AND
ADB
JsB
LA
atF
STA
AND
ADB
JSB
LDA
ALF
AND
ADB
CL.-A
JIP
NOP
BLS
STB

BLS,

ADB
JMP

DATA ACQUISITION PRoGRAM 22/6/73

SUM
BUFR2
RUFR2
SNUM
LOORS
SUM
=5170000

CARRY

1
SuMy
SuM
=B87777
BUFKZ, I
CKSUM, |

DATA COMVERSION FoR MT

T12
=317
0
BY10
TT2

TT2
an17
N
BY1D
TT2

772
=17
0
BY1()
112

=H17
0

BCDI1, 1

TT4
BL.S
TT4
BY10. ]

+ % *

JHUCREMENT ADDRESS BY 2

FIMISHED?
NT)

ISOLATE CARRIES FROM BIT 11

POSITION IN LOWER WORD
GET ANY CARRIES FROM RIT 1%
MULTIPLY Y 16
FORM TOTAL CARRY FROM 12 BIT
ADDITION
AUTPUT

COMVERTS 4 DIGIT BCD TO
POSITION FIRST CHARACTER

BINARY

POSITION SECOND CHARACTER

POSITICON THIRD CHARACTER

POSITION 4TH CHARACTER

RETUPH WITH BINARY IN AB




0379
0380
0381
2382
1383
0384
1385
1386
4387
0388
0389
01390
9391
0392
2393
N894
9395
0396
0397
0398
0399
0400
0401
0402

0404
0405
0406
0407
2408
0409
fa1o0
2411
0412
0413
0414
0415
0416
417
0418
3416

PAGE 0030

21634
01635
01636
01637
01640
01641
01642
01643
01644
01645
01646
01647
01650
N1651
01652
01653
01654
01655
01656
01657
01660
01661
01662
01563

015664
01565
01566
01667
04670
01671
01672
01673
01674
01475
01676
01677
01709
01701
01702
01703

33

0000020
G12026R
0700438
D42072K
£n202%1
027661R
CéNp43y
001000
043704R
700438
0Nop4n
144010
£a2040
0340428
074418
0600438
032004
140070
0400428
0640418
127634R
0a2400
006400
127634R

300400
0740418
012076R
poireo
0700426
060001
612067R
001700
6300428
173734k
037734R
06C041B
012070R

173734R

037734R
127664K

BGD12

ERRAS

BPACK

saa AJRBORNE

NQP
AND
STA
ADA
SSA
JHP
LDA
ALLS
ADA
STA
CLE
ALB
SEZ
152
STB
LDA
INA
LDA
ADA
DB
JMP
CLA

cLB
JMP

NOP
STB
AND
ALF
STA

LDA

AND
ALF
10R
STA
1s2
LDA
AND
STA
[S2
JMP

DATA ACQUISITION PRAOGR'M 22/6/73 #wn

=817
173
== l0
KR5S
EHRAZ
T13

S54
713

0,!

112
TT1
713

01!
TT72
TT1
ECDl2,}

ECDI2, !

TT1
=8777

772
1

=3170000

772
BUFRO, I
BUFRO
TT1
sw87777
BUFRO, I
BUFRQ
BPACK, ]

'

CHARACTER LE 9
NO '

FARM ADDRESS QF BINARY EQUIV,

ADD 16 LEAST SIGNIF
QVERFLOW?
YES

RITS

GET MOST SIGNIF BITS
RETURN WITH BINARY IN AB

ERROR = SKT RESULT TO ZERO

UNPACK AB REGISTER AND STORE
AS TWD 12 BIT WORDS



PAGE 0031

03 s#x AIRBORNE DATA ACQUISITION PROGRAM 22/6/73 wws

QA22#un : )
0423» LODK UP TABLE FOR CONVERTING TENS OF THOUSAxDS TO BINARY
04240
0425 01704 CQ01705R S54 DEF «#31
0426 01705 030000 0CT 0,0,23420,0,47040,0,72460,0,116100,0
01706 C00000
01707 023420 _
01740 0000900
01711 047040
04712 000000
01713 072460
01714 000000
01715 116100
01716 200000 *
0427 04717 141520 OCT 141320,0:165140,0,310560,1,34200,1,57620.:1
01720 000070
01721 165140
04722 000000
01723 010560
01724 000001
01725 034200
01726 000001
01727 057620
01730 000001
D428 01731 000000 BUFRX NOP
0429 041732 000000 BUFR1 NOP
D430 041733 000000 BUFR2 NOP
0431 01734 000000 BUFRO NOP
0432 01735 000000 BUFAD NOP
0433 01736 000000 BLNUM NOP
0434 014737 300000 IHX1 NOP
0435 01740 000000 INX2 NOP
0436 01741 000000 SUM NOP
0437 01742 000000 SUML NOP
0438 04743 000000 CARRY NOP
0439 01744 000000 SHUM NOP




v

/

PAGE 0032 03 oaw#s AIRIRORNE
0442 00010 MCR ' EQU
0443 00011 MPX . EQU
0444 00012 DASC 'EQU
9445 00014 MTRSC! EQU
0446 00016 REGSC EQU
0447 01745 1140208 AJSB] JSB
0448 00000 ORB
0449 00000 700146R LINK DEF

045(0#s»
0451% CYZLIC BUFFER ADDRESS TABLE AND BUFFER STATUS WORDS =ue

0454
0455
0456
0457
0458
0459
2460
0461
0467
2463
1464
06465
0466
0467
1468
N469
0470
0471
0472
473
1474
0475
1476
0477
0478
0479
nasy

J481

N4872
1483
1484
0485
1486
0487
D438
0489
49(
0491
N492
1493
1494
1495
7496
Na97
1494

*

*

angoy
ono02
0n0o3
onnov4
AnnosS
00006
Donn?
co010
00011
£ooL2
Co013
00214
009315
00016
20017
co020
J0021%
00022
00023
00024
00025
80026
go027
00030
onn3t
No032
00033
00034
00035
00036
00037
00040
0on4al
0on42
00043
0ndad
0ng4s
00046
0nna?
Nooso
puavt
00252
0nasn3
TNNH4
0nnss

000310C
0090090
0000048
N00562C
009090920
0000078
001034C
200000
0000128
0013%06C
000020
00009218
n00op20C
000020
800000
090020
230000
¢aooco
nagooe
0000?20
coQo00
cooglo
goooQo
000000
0009090
003020
£noo00
googoQ
gqooco
030000
2000040
£Qa000C0
gagoon
¢00000
000p0n0
000000
2400820
300000
N000s0
0o0NQoo0
090020
230000
290020
200690
0300706

TAB

POINT
18UFF
IMNBUF
| NBF 2
P

Pi

R

Q.

Q3

Qe
QADI
SADD
K1

K2

K3

K4

K5
IMPUT
OTPUT
ATTNO
ABQORT
TT3
TT2
TT3
TT4
SAVA
SAVH
SAvVED
caLl
CALZ
CALS
LInk
LEC
Crigat

REF
NOP
DEF
DEF
NOF
DEF
DEF
NQP
DEF
DEF
NOP
DEF
DEF
NOP
NOP
NOP
NOP
NOP
NQOP

. NOP

NOP
NOP
NOP
NOP
NOP
NOP
NGP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NDF
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP

DATA ACQUISITION PRQGRAM 22/6/73 ##a

108
118
128
148
168
LINK, I

INTRR

BUF A

#+]
BUF R

*+]
BUFC

#+]
BUFD
TAR

BUF IN

16 BIT 1/0 INTERFACE SELEET CC
INPUT MPX SELECT CODE

D/A MPX SELECT CODE

KENNEDY SELECT CODE

4) BIT REGISTER SELECT CODE

INTERRUPT LINK

- 0452+ NUMBER OF BUFFERS CAN BE [NCREASED BY EXPANDING THE BUFFER TABLFE
0453+

ADDRESS OF BUFFER 1
STATIIS WORD FQR BUFFER 1
POINTER T0 BUFFER 2
ADDRESS OF BUFFER 2

AND SO ON

POINTER BACK TO BUFFER 1




PAGE 0033

2499
0500
0501
0502
3503
0504
1505

- 0506

0507
0508
2509
0510
0511

0512

0513
0514
0515
n516
2517
1518
3519
0520
0521
9522

1523

0524

525

2526

0527

9528

0529

0530

00356

00957

o061
J09%62
30063
00d64
90365

0066

00067
00079
00071
00072
90273
30374
002375
Q0076
20077
0100
0ni01
90102
00103
01746
01746
01753
11754
01755
01756
01757
01760
01761
01762
017063

01764

01765

‘01766

01767
01770
01771
01772

01773

71774
31775
01776
31777
327090
322301
02002
22203
02304

02205

2006
32707
02740
to011
3212

02713

12114

03 »ep AR

500000
0000990
000020
200000
00000C
000000
900000

200070

000020
200000
740020
0000720
09000
200000
00000
230000
03309¢C
£ioo0cC0
730000
300000
090000

8320070
203914
204477

004924

0009920
300020
026455

026455

726455

N26455 "

126455
026455
106455
26455
026455
026455
026455
026455
126455
026455
626455

726455

26455
326455
£26455
026455
126455
26455
326455
726455
D6450
226455
ST A E
226455

DRH4RS

"
1
L

i
t

RESET
TR0
BEGIN
SFLAG
TOTAL
SSTAT
GHES
CALS
MTSTF
XL0G
BLOUT
RCNTR
B0yT1
MTFnE
BLEND
ALLOOP
LSYN
XSYN
GAPNIT
MT]ME
MTF LG

DDATA
LAanel

FLNU

NOP
BSS
NOP
NOP
NOF
NOP
NOP
NOP
NOP
NOP
NOF
NOP
NOP
NOP
NOF
NOP
NOP
NOP
NOP
NOP
NOP
ORR
BSS
0CT

NOP
NOP
QcT

ocT

ocT

CCT

ner

LeT

1
?URNE DATA ACQUISITION PRNOGRAM 22/6/73 w#as

5
3014,4407,4n24

| FLIGHT NO INSERTED HERF
26455,26455,26455 25455 ,26455
26455,26455,26455,24455,26455
26455.26455.26455.25455,26455
264559,26455,26455,26455,26455

26455,264%5,26455,24455,206455

26455,¢6455,26455,2:455,2060455




PAGE 0734 03 s## ALRUGRNE DATA ACQUISITINN PRAGRAM 22/6/73 w#w

927915 0264%5
0531 02016 226455
22017 026455
029320 026455
02021 226455
02022 026455
02923 2000723
2024 100020
02325 032970
02226 200017
02927 02647¢C
02730 240033
02931 0154395
02332 177716
92233 0QuQyl4
02234 177770

32035 177773
12036 000002

02237.177777
I2040 177776
02041 177772
02742 177747
02343 CU1750
329044 700144
- 32245 15436¢C
02746 023429
2047 2000435
02750 G00012
32354 000006
32052 2gRo0C7?
92353 177524
021054 177014
02n5%% 070764
J2056 177426
92057 200372
02760 177634
02961 000022
2162 200071
02263 Co0pso

32764 700714

02265 177432
22366 177774
02767 1700420
02076 Q087277
52071 1772774
322372 177766
- 02073 Q07700

02375 177620
. 02176 909777
0532

*8 MO ERRORSw

L

OCT 26455,26455,26455,25455,20455

EHD peGl
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- PAGE 0002 a1 5****% UUPPL&R SUBROUTINE 14/5/73 w#wsuan

DO02#%»

0003% THE DOFPLER SUBROUTINE 11AS Tw
TO SET JP INITIAL CONDITIUNS,
CotPUTE THE HRESENT DUPP
DISPLAY, ADDITIONALLY AT THE START 0OF FACH FIDUCIAL DOPPLER

3 . . . i o . ) ALONI
AN CROSS TRACK CUORDINATES ARE RETUAQMED TO THE MAIN PROG :
INCLUSTON Of1 THE AAGNETIC TAPE, " ° t OBRAM FOR

1004+
0005 #
DO0A»
0007 »
Qooas
0009 #nx
9010
0011
12
0043
0014
0015
0016
9017
0e1s
9919
1020
0021
2022
0e23
pe24
0025 -
2826
0ez27
1028
0029 -
Q030
1031 -
Ne32
0933 .
N034
go03s. ..
Ne36
7037
1038
0a3s
0049
N041
1042

0044
. 0045
2046

2o009d

.00d00
0oonl
Qod02
00203
00004
donos
00006
Dolo7
100010
00011
90012
00313
Q00214
00015
00216
" 00317
pon29
00021
90022
30023
90024
.90Nn25
Qo026
20027
00030
- 20031
00032
00033
00134
00935
00036
00337
00040
. 00041
20242

060020
CH2020R
164070
076Q070R
n920°4

144000

0740308
292094
1440370
0740268
0u20%4

164000

0740278
002904
1640020
0740408
02400
0700018

0700168

3700374
N700144
0700158
070021H
0700228
3700235y
0700248
7000208
0700428
0700368
Q700204

0700108

9790118

0700128

86790138
126070K

DINIT

NAM

ENT
NOP

“LDA
i

STH
INA

.|

STH
IHA
Lbg
STB

RETL
‘LOB
8T8

[NA
LbB
STB
CLA
STA
STA
STA

STA

STA
STA
STA
STA.
STA
STA
STA
STA
STA

. STA.

STA

STA-

STA
JMP

0 ENTKY POINTST DINIT IS GALLED ONC|
DOP0OO IS CALLED EVERY SECOND To

LER COORDINATES AND TO UPDATE THE PI1LOTS

DUPOU

DUPOU,DINTIT

INPUT

0,1
RE=G40

ORIUN
LPKMO
LEKMQ
XPKHMO

Xt KMQ -

LPKMY,
LFKM1
XPKIML.,
XFKML -
15TLP
ISTRS
DSPRS
ISTLN
LPART
LFULL
XPART
XFULL
DINIT, I

"RETURN TO MAIN PROGRAM

: , )

GET RETUR.. ADDRESS
AND STOnE

PICK UP PARAMETER ADDRESSES
AtID STORE LOCALLY

CLEAR ALL INTERNAL COUNTERS AND
FLAGS

i




PAGE 0303 N1 wecsss DIPPLER SUBRUUTINE 11/5/73 sessas

JQQQ«Q» o
005U THE DUPPLEp PROGRAM [MPUT DATA IS TAKEM FRO: 14 BIT SYNCHRO TO
JO51# DIGITAL CNMVERTERS THAT LOOK AT THE 3 ILIME nUTPUT FROM SYNCHRO
0052# COUTROL TRAHWSMITTERS ON THE ALONG AND CROSS TRACK QUTPUTS OF THE
9053# J0PPLER CNMPUTER, UNF REVOLUTION OF THESE JUTPUTS, EQUIVALENT TO
0854% A CHANGE ™ SYNCHRU READING OF 16384, IS EQUAL TO 10/3 NAUTICAL
0055+ MILES, THE PROGRAY REEPS TRACK OF THE TOTAL CHANGE IN SYNCHRO

"0856# POSITION, 'STURLNS THE RESULT IN TWQ PARTS - INTEGRAL KILOMETRES

9057« EGUIAL TO APPROX 29550 SYNCHRO UNITS AMD A Fr:ACTIONAL PART I[N
J058#% SYNCHRD UnITS

N059nsn
0060 00743 230020 DOPLO NOP
qeé1 00044 2700728 STA L SYN STNRE ALONG TRACK
1062 00245 0740038 STB XbYN . CRNSS TrRACK ReANDINGS
0063 90746 NH000CH - LDA ISTDP FIRST REANING OF FLIGHT?
NB64a 009247 092002 SZA
"N06% 050050 026062R -~ JMP DUPOD} NO
No66 00051 202074 INA ‘ YES - SAVE INITIALSYMNCHRO
1067 00052 2700008 STA ISTUP REANDIMGS THEN RETYRN
1068 00753 06000224 LA LSYN TAKE ALONG TRACK DOPPLER SYNCHRO
1069 302%4 ND3374 CMA, VA REANING AND STORE
00790 20755 0700248 STA LSYNY ’
NB71 Q0056 0600038 LDA XSYN TAKE CROSS TRACK DOPPLER SYNCHRO
4072 20357 003074 CHMA, INA REANDING aAND STURE
9873 30060 2750758 . - STA XSYNU

0874 00361 026472R JMP DOP31

T B . v \




PAGE 0"04

077 #as

Q0078+« INTERMNAL DOPPLER

71 asaess DUPPLER SUBROUTINE 11/5/72

»\LqNG

LR X XX )

AND CKOSS TRACK COOR-INATES ARE BASED OM

J079a ARRITRARY ONIGIH LUCATED AT ROINT OF STARTI UG DATA ACQUISITION
1B80» PROGRAM, )

SGERRE Y
J082#xxas PRCOCESS ALOIIG THACK
ALERE XX
1084 00NAK2 2400728 UOPLL LDA
768% (0363 ChHdd"2d LB
DoB6 00764 "4Gunan ADA
00387 00965 C37074 CHMR,
0838 Q0066 274;T4H STR
0089 00767 070006H STA
9090 007270 222070 SSA
0691 00071 026171R JMP
0092 00072 C42702K ADA
D093 020073 202y20 SSA
0694 00N74 026127R JHP
00958 00775 06006768 LDA
0096 00076 T42703R ADA
9097 Q00077 0700068 STA
D09A 00100 C26177R JMP
D099 3n101 242724x DOFRiIZ2 ADA
9900 00102 292021 SSA,
3101 00103 5261C7R JMP
0102 00104 CHQ076B LDA
0103 00105 042705HR ADA
0104 {$nilué 0700060 STA
0105 00407 2000064 DOPCS LDA
2106 00110 001170 ARS
0107 00111 02400100 ADA
0108 00112 J040Ullb Lhs
0109 00113 016624R JSH
2110 00114 2700108 STA
0111 00115 274011c STB

SYNCHRO DATA s#ueases

LoYN
LSYN
LSYNO
INB
LoYiiuy
LSYHMN]

purae

DOPQO S
LSYN1
=l)s1 6384
LSYN]
NOPCS
=yB00OC
RSS
DUP3 S
Lyt
=J16364
LSYN]
LSYNG

LPART
LEULL
DPSUM
LPART
LFULL

TAKE ALONS TRACK SYNCHRO READI!
SURTRACT =2REVIQUS READ!NG

SAVF CURRENT READING
SAVE DIFFERENCE

TEST SIGN OF SYRCHRD
NEGAT]IVE

CHANGE

15 CHANGE GT 80007

NO

YFS - SYNMHRO CROSSED ZERO POI?
- SUBTRACT 16384 T0 GIVE
- SMALL NEGATIVE CHANGF

IS CHANGE LT ~80007
NO
YES -~ SYNCHRO HAS CROSSED ZERO

- ADD 16334 T GET SMalLl
- POSITIVE CHANGE

DIVINE RY 2
ADD DIFERENCE TG PART KM COUNTE

NCEMALISE FULL AND PART KM
COUNTERS AND SAVE




PAGE 0905 11

114wes
0115#%a8as DPROCESS CROSS TRACK
N{16nns
J117 00116 0600738 LDA
7418 00117 0640738 Lng
2119 00123 0409758 ADA
J120 00121 207024 cus,
0121 %0122 074,354 ST8
2122 0nL23 ©700978 STA
0123 00124 202970 SSA
J124 00125 €261 35K JMP
3125 INLeé6 742702R ADA
0126 Q0127 0a2n2¢ SSA
0127 00130 CP6E1L43R Jne
7128 00131 7620774 LDA
0129 00132 242773k ADA
D130 00133 2700078 STA
0131 00134 126143R JMP
L9132 00135 242774R UOPU4 ADA
0133 0n136 0921021 §6A,
0134 Q20137 C$26143K JMP
0135 00140 060007k LDA
21356 00141 0427°5R ADA
0137 90142 275y778 STA
7133 90143 0600278 UCPOY DA
0139 3In144 2711706 AFS
3140 00145 024790124 ALJA
9141 00146 2640138 L
0142 0147 016624K JOR
0143 00150 9700128 STA
0144 Q0151 08740138 3TH

#oswws JUPPLER SUBROUTINE 11/5/73% ssssss

SYNCHRO UATA ss#assx

XSyl
XSYi
XSYHQ
INB
XSYio
XSYNL

DCPOY4
=J=e8000

DuPOs
XSYH1
Sllelo3lé
XoYNL
Lopos
=J830¢
RsS
nouPecs
XSYNL
01635834
X3YHy
XoYH1

XPART
XtUuLL
prSum
XPART
XFULL

TAVE CROSS TRACK SYNCHRO READIN
SUETRACT 2REVIOUS READING

SAVE CURRENT READING
SAVE DIFFeRENCE

TEST SIGN OF CHANGE
NEGATIVE

IS CHANGE GT 80007

NO

YES ~ SYNZHRO HAS CROSSED ZERO
- SUBTRACT 16384 TO GET
~ SMALL PQOSITIVE CHANGE

IS CHANGE LT =-80002?

NGO

YFES - SYNIHRO HAS CROSSED ZEPO
- ADD 16384 T0 GET
~ SMAi L POSITIVE CHANGF

DIVINE BY 2
ADD TO PART KM COUNTER

NOPMALISE RESULT AND SAVE



M R

PAGE 0006

01478%%

)
i
i

91  wexsess DOPPLER SUBROUTINE 1://5/73 wssaws

;

Nt48senas DOPPLER CHART SPEED CONTROLLERK®##s#s

J14Goen

01504 VOLTAGE CO'ITROLLE) OSCILLATOR KEGUIRES +10V FOR ZbRO SPEED
01514 AND +7,5V FOR 200 K0TS

0152 %%+
7153 00152
9154 00153

0155 00154
0156 00155
Q157 00lh6

20157

0158 00169
N159 0016l
0160 30162
0161 00163
2162 00464
0163 90165

1164 001656
0165 00167
0166 00170
0167 00171
0168 00172
0169 00173

D170 00174
0171 00175
0172 00176
1173 00177
9174 00200
0175 00201

0176 00202

g177 20203

3609708
pogo2o
Ca30°4
006420
216001X
J007C6R
L03pc4
042707R
0700318
203004
04004308
cu2020
026171R
0600438
026271R
J60031B
203074
2400441

002021

026270R
1600448
026221R
0orolin
270071
962710R
1667 3K

LDA LSYMY
SSA

CHA, INA
CiLB

DIV =ué6

CMA, INA

ADA =02047
STA DTMP1
CHA, INA

ARDA MAXSP
SS5A

JIP #+3

LDA MAXSP
JMP DOPO&#+1
LDA DTMPL
CHA, [HA

ALIA MINSP
SSA,RSS

JMP DOPO#
LDA MINGP
JHP DOPOB+1

Depos LLDA DIMP]

STA 1
LDA =U9
JSB ,ITA

GET ALONG TRACK SYNCHRO CHANGE
- APPROx 1500 AT 100 KNOTS

GET ARSOLYTE VALYE

DIVIDE BY 6 AND COMPLEMENT
T GET Ya-250 AT 100 KNOQT

CALCULATE X=2047+VY

AN SAVE 2ESULT

CHECK IF 3PEED T0O GREAT

0K
USE !"AX A LOWED SPEED

CHECK TIF sSPRED LESS THAM
40 KMOTS

USE MIN ALLOWED SPEED

AND PUT 1M B REGISTER

QUTPUT TO VCO 0N N/A CHANNEL 10




PAGE D707
001 #»w
JeQz2#ssase PIIOT
1003eusn
0604 90204
0805 0n205
27006 00295
Ney? Qn207
0608 Q02132
0009 00211
1610 10212
2011 0p213
1012 00214
1018 00215
0814 90216
3015 00217
7816 go220
ge17 2or21
301/ 00222
0019 20223
0820 9J0224
N6e21 0n225
0022 00224
3023 20227
0024 00230
0025 00231
nez26 90232
0827 Dpn233
NE28 00234
3829 00235
2030 00235
0031 0p237
2032 00240
06033 00241
0034 0nR42
0035 00243
1836 00244
N037 (0n245
D038 0n246
Jody IN247
J04u  0nR50
0a41 20251
D042 00252
2043 00253
0044 007254
J045 20265
3046 30256
0847 90257
018648 00260
J049 o6l

IN262

02 sdhetes DOPPLER

CAT040H
C70041e
14006278
P12714R
012923

S26255R
2A001laB
103pn4

2700148
2H00138B
0ndgré

07C015u
160042d
0020772

R28226R
fdens4d

37004215
026237R
0a00lei
ga20c2

02623IHR
§Ja2074

070pl6en
N62712K
2700378
2340378
0R6247R
040010y
203074

5700164
fo0plli
£03974

S760178
VR Nt

n7culed
THNNLO8
0400168
764011y
0449170
016624R
0700318
0740724
2064700

Tn2na2n

0479720

016971x
2000454

I DOPPLLR

DrpPil

unple

bNP1S

DISFLAY PROCESSOR

LDA
STA
LDA
AND
SZA
JHP
LDDA
CHMA
STA
LA
CHA
STA
LA
SZA
JHP
IHA
5TA
JHP
LUA
SZA
JMP
IHA
STA
LDA
STA
152
JHP
LDA
CHA
STA
LDA
Ci1A
STA
Cl.A
STA
LTGA
ADA
.08
ADB
J4SH
STA
STh
cLs
SSA
Crn
nDIv

]

4

’

’

REG40
DUATA
IMPUT, ]
i
RSS
LOPL3
XPART
INA
XHKHO
XtULL
1i4A
XFKMOD
[STRS

#+4

I5TRS
IUP1Z+2
DSPRS

DOPLe

LSPRS
==s5
DUNTR
DUNTR
DOP1 3«2
LPART
[WA
LEKMO
LFULL
INA
LFKMG

DSPRS
LPART
LPKMQ
LFULL
LFKHO
DPSUM
NTMPL
DTMP2

SCLOL

SUBROUTINE 11/5/73

DIVIDE

R R X K-8

EE-X & 24

GFT ANDNDRFSS OF PILTOTS DISPLAY
BHUFFER

GET 46 B!T INPUT REGISTER

[SOLATE DOPPLER RESET EBIT

IS I oN?

ND

YES - SAVE INITIAL COOGRDINATES

IF RESET CROSS TRACK DISPLAY

FIRST RESFT?

CHECK 1F RESET ON FOR B SEC

INITILISE COUNTER
COUNT NUMRER QF SECOMDS

RESET ON FOR 5 SEC SO
FESET ALONG TRACK DISPLAY

RESET COUITER FLAG

SURTPACT
POSITION

INITIAL ALONG TRACK
FROM PRESENT POSITION

NORMALISE THE RESULT
THIS 1S ALONG TRACK DISTANCE
TO BE DISPLAYED

TO GET 0.1 S OF KM




PAGE 008

0852
3053
D054
ae5%
nNose
3057
2958
N059
noeén
0061
nos6z
poé63
064
J065
0066
Q067
neée
20696
0070
ne71
ne72
3073
0074
0875
16076

N077
JO78
1079
9080
09081
jos?2
0883
n684
D085
2086
087
neag
9089
0090
0091
0092
1093
P94
209%
2096
Q097
0n9R
No99
ugtdu
3101
0102
2103
3104

0105

20263
0nz64
20265
00266
0267
gnz70
90271
90272
90273
10274
0n27%
Q0276
nz77
20300
Jo3ol
gox02
70303
on3n4
00305
JO306
20307
03219
00311
0n3i12
np313
20314
J0315
AN3I1é
RES Y
Nn3a20
30321
an3z2
20323
00324
on325
In32é
onx27?
In3sn
20331
D332
00333
0n334
in335
J0336
Q0337
00340
10341
an342
In3al
2n344
10345
In346
2n%a47
20350
Nnisy

2 swwsswpe DUPPLER SUBRUUTINE 11/5/72% sndtaze

3700318
1760032b
2ul14an0
570021
an1a2a
C40073
04003143
292020
C42713K
P16560R
17404418
03404108

1740418

034041
JaNpled
0400148
PGd401od
7440158
216624K
N170081p
07403241
006400
00202
Ja7¢00
216eu71X
nungdon
2700634d
N600320H
721020
g700"1
0131024
201038
440370
001070
04400¢
1440118
1600270
N12714R
np2on?
NJ7ul4
020071
N7003%1H
Ciré47 )
022071
GR6342KH
gou3pt4
na707¢
0740208
T1656(K
170021
C3404LH
1740410
27404013
TH0YECS

1720540

STA
Lha
ALS
STA
ALS
ADA
ADA
5S5A
ADA
JSR
STA
152
STH
152
LIA
ADA
LB
AL
JoB
STA
578
cLH
SHA
R
uly

STA
LiJA
ALS
STA
ALS
ALS
ADB
AL.S
ADH
Al
LA
AtID
SZA
CHK
LA
STA
Cl.K
SSA
JMP
CHA
chig
STy
JSB
STA
IS5Z
STH
182
LA
5TA

DTMPL
NTMP2

1
s ALS

1
DIMPL

=J100Qu
EnCOD
NUATA, |
DUATA
DUATA, ]
DUATA
XFPART
XPKMQ
xtuLL
xXrKMO
PPSUM
DTMPL
DTHPZ

sulo?

DTMPL
DTIMPR2
PALS

) ALS
0

.
DTMPL
TWPUT,

=18

y 1818
1
NIMP,

s RSS
#+J3
» INA

DIMPe
EnCGU
JATA ]
DUATA
DiJATA I
DUATA
DTMP?
DOATA, I

MULTIPLY #M BY 10

A N 0L10S
I[F MEGATIYE ADD 10006

BICONE RESULT TO 1-2-4-8 BCD
AND STOrk IN 49 BIT BUFFER

SURTRACT INITIAL CROSS TRACK
FROM PRESENT POSITION

NORDALTSE RESYLT
THIS 1S €C20SS TRACK RESULT
Fap nBIsPiLAY QUTPUT

DIVIDE TO GET 0.01 S OF KM

MULTIPLY £ROSS KM BY 100

ADDY Nt 0,51 S KM

CHLCE ON POSITIUN OF FORWARD/
REVERSE SWITCH

IF o COMpLEMENT RESULT

SAVE FOR ETER UUTPUT

15 [T POSITIVE?

YES

MAKE POSITIVE AND CHANGE
OQVER THE LEFT/RIGHT LIGHT

GET 4 DECIMAL DIGITS
AND STORE In 40 BIT BUFFER




1

PAGE 035@

0108nwe
01Q09ux=sn
J11ynesa
0111 %%+
0112#a%
7113 00362
J114 00353
0115 90354
J116 00355
2117 10356
0118 00357
0119 00360
3120 00361
0121 00362
2122 00363
2123 20364
0124 00365
0125 0n366
0126 20367
0127 00370
0128 00371
0129 Q0372
8130 0n373
9131 np374
Q132 00375
0133 00376
0134 00377
0135 00409
0136 0n4ul

N2 #wsexs DOPPLLR SUBROUTINE 11/5/72

L

0600318
201020
70071
t01g2¢
tacnat
(51070
700318
902020

NP6370CR

(42715K
23202¢

A26375R
Q26270 7R
126376K
J42716R
f0g2021

CR6375R
0627415%
N26376K
3500218
J12717R
g700%212

Da2714R
11667 3K

Dopel

boap22

LDA DTMPY
ALS

STA 1

ALS, ALS

ADA 1

ALS

STA DTMP),
SSA

JHP DUP21
ADA =D=2048
SSA

JIIP DOP22
LDA =02047
JHP DOPZ2+1
ADA s12048
35A,R0S8

JIP Dup2z
LDA =i=2048
JHP DuUPZ22+1
LUA DTMPL
AND =37777
STA 1

[.OA =18

JSH L, UTA

LA R X R X ]

“UTPLT CRGSS TRACK ANALOGUE VOLTAGE rQoR LrFT RIGHT
INDICATOR N FRONT OF PILOT =10V TO +10V
TO APPROX 1 KILOMETER

QU

PICK UP CrROSS TRACK DISTANCE
MULTIPLY iy 20 T0 GIVE APPROX
1 KM FULL SCALE DEFLECTION

O TUE METER

TEST IF Gr 2n48

YES ~ SET EQUAL TO MAX POSSIRLE

TEST IF LT -2348

YES -~ SET EQUAL TO MINM POSSIRLE

OUTPHT CRASS TRACK TN
METER

INDICATOF

0N CHANNEL 9 QF
/a MPy




PAYGE N11
01 39nes
Ttd4nese NOPRLER 00D INATE-S FOGR OUTPUT
N141#s% FLIGHT CA°Y bE EOSTABLISHI D BY SETTING 1T ¢+ OF
N142a#% IEFINE T CUNMENGENREST OF RECORDING,
D143wea AT START OF ¢ IRST LINE
D144#30
145 90402 1600304 DOPSL LA DKJ, I
0146 Q0403 292720k CPA zueHY
0147 Jnd4ud Tu2nni RSS
0148 20405 7164724 JHP EXDOP
0149 01406 1062045% LA DUPUO, !
N150 20407 1709250 STA DOPAL
2151 00420 00002 Ny LUA TSTLN
9152 00411 2025702 SZ2A
0853 Ind12 2726447k JEP DOPSA4
3154 Q0413 1a09dew LA LINE,]
1155 30414 202020 57A
3156 20415 026477R JHP Dupde
9157 np4eib 102571 LIA ¢
J158 20417 0%2724iR CPA =14
0159 00420 292971 HES
3160 IN421 N26447R JIP DOPJS4
J161  an422 002400 CLA
3462 020423 192673 OTA 1
N163 20424 [J2)04 111A
0164 20425 700744 3TA OR]GN
D165 00426 026433 JiP DOP3 3
N166 00427 2700204 DOPE2 STA IHTLN
0467 20430 2,00714u L2A OrIGN
2168 0N04381 TaggN? SZA
0169 2N4d32 T76447R JHUP DuP 34
7470 30433 0600108 DAPSS LLUA LPAR]
23171 204484 003904 ClA, THA
Nt72 Mn435 270071 HK STA LrKM)
01738 20436 Tolullu LEA LHULL
0174 00437 09390% CHA, THA
0175 204490 0700724 STA Lt Kill
01176 90441 0029l LUA XPART
9177 20442 093004 CHA, LA
D178 0u443 270023H STA xrKHi]
9176 720444 360yl LA Xt ULL
0181 0Qndd45 30394 CltA, 1A
N181 0nd46 270024 STA XbK!1

i

]
b

e seensn UOPPLER SUBROUTINE 14/5/73% #avsns

NN HMAGHNET L TAPE,

NRIGIH FOPR
SWITCH REGISTER
OTHERWI3E ORIGIN IS SET

Is 17 STAaRT OF 10 SEC pLOCK?

AN
PICK P AZDEESS OF MY RUFFER
At SToRE
HAS RECORASING FOR FLIGHT STARTED

YES
ND - 1S FIRST LINF STARTING NOW?
YES

NO = GET sWwlTCH REGISTER

1S DOPPLER OKIGIN RIT ON?

NG
YES

CLFAP SWITCH REGISTCR

SET NRIG!: FLAG

ORIGTH AlLREADY SET?

YES
SET ARIGIE FOR M7 DOPPLER

SAVE STARTING ALONG TRACK

SAVE STARTING CRGSS TRACK




PAGE 0212
3134 29447
1185 20452
2134 Q00451
0187 90452
0188 30453
18y 00454
0190 Q0455
1191 00456
2192 00457
2193 90460
0134 00461
7195 00462
7196 00463

0197 0464
N4198 0DnN4sS
1199 00466
0200 00467
0201 0J0470
02082 00471
0203 00472
0204 00473

e weasas POPPLER SURPUUTINE 11/5/7% #saass

1600106 DGP34 LA

2400211
3040118
2449224
T16624K
116474R
178025y
N134132%4
174925s
3540254
S6%ylay
P43y

0640188

044924y
016624R
016474R
317907%d
0340254
1740258
N361043R
126043R

EXDOH

ADA
.08
ADB
JS8
JSH
STA
152
STB
1Sz
LiA
ADA
LDR
ADB
JSB
JSB
STA
152
STH
[52
JHMP

LPART
LFKM1
LrULL
LEKM1
OPSUM
DUPXY
DuPAl, |
DUPAD
DUPAD, I
DOPAD
XPART
XPKM1
XtULL
Xt KH]
nPSuUm
puPXxy
DOPAD, I
puPab
pDoPAD, ]
porPQo
DOPOG, 1

SUBTPACT IMITIAL ALOMG TRACK
FRAM PRy-SENT UISTANCE

NOPMALISE RESULT
GET 24 .81T BINARY RESULT
ANT STORE IN BUFFER

SURTPACT INITIAL CRNOSS TRACK
Fron PRESENT DISTANCE '

NORMAL ISE RESULT |
GET 24 BIT HINAKY RESULT
a4D STORE IN BUFFER

BUNMP RETUuN ALDRESS



PAGE 02313 13 s#swwsse DUPPLER SUBRUUTINE 11/6/75 #sduss

D001 #x»e

D002 #wsaas THi: FOLLOWING HUBROUTINES ARE JSED RY TRE DOPPLER PROGRAM w4

JO03nuw
JOQ4nns

NOPKXY FORMATS THE DCGPPLER COURDS FOR MT QTPUT,., THE RESULT IS 2

D005%#+ 24 SIT JIMARY NUMBER J1TH BITS 0«12 FORMI G A SIGHED QUAMTITY 1

0006#we TWOS COMDLENMENTY MUDE, BITS 20=23 ARF ALWAYS ZERO, WHEN

J007%«#e PROCESSIMG IN [ARLGE COMPUTER NEGATIVE NUMOERS ARE EXTRACTED

J008wx% JSIHNE THE RELATIOH JF(N,GT 524287 )M="niDb455%76

J00Gwus :

3010 0n474 °nn0onn DORXY NOP

Jel1 10475 0700311 STA DTMR1 PART KM

D12 Jnd76 2749350 STB DTMPY K M

0013 00477 016470 cLu

d014 90509 7242020 Y

J015 00501 207030 Cig

1916 0nS502 0416071X DIv sCL0n2 DIVINE RY SCALE FACTOR TO GET
20503 2000448

0817 Q0504 270031 STA DTMP1 ,01 8§ ~F KM

0818 Q0505 206400 cLs CONYERT T DOUBLE PRECISIOM

dele 20506 TI202C S5 A

0820 0nSN07 297900 CHB

0021 00510 274032w < STR NTMP2 ‘

0022 00s11 0690330 LDA DIMP3J COHUVERT KM TG DOuglE PRECISION

9023 00512 2164100 ci.g

2824 Q05213 2220720 S&A

2625 0n514 007070 cMB

0026 00515 016541k JdSBE DitYlw DOMELE PRy CISION MPY KY 160

0027 020516 216541R CJSB DMYLn '

0928 0n517 200040 CLE ADD 0N 0,11 S OF KM

3629 00520 240031H AlJA DTMP1

ne3y 0ns521 02040 SKZ

3031 00522 206004 . IR

N032 Q0523 74403248 AR DTMP2 32 1T PESULT IN BA

0033 0524 2700310 . STA DIMP1

0834  CT0525 912717R AMD =87777 - ISOULATE LoWkR 12 HITS

0035 90526 27002328 STA [JTMP2 AT SAVE

J036  2N527 5600318 - LLA DTMP1

Ne37 920530 0011720 ALF '

0038 2n531 212722R . AND =117 IS ATE R17s L12-1%

0039 00532 0700388 STA DIMPS  AMD SA‘E

304y IN533 42723k , LUA =H36U ’

01941 30534 05710 . BLF SHIFT G 4 PLACES LEFT

No4z 20535 10071 Ml 1 :

1043 00536 DA0DIIK 1GR pDIMPY MERGE I »1TS 12-15

3044 Qn537 2640324 Lha DTMPZ

0045 InS54) 126474R  UUP DUPXY,l . 24 LT REXULT .IN AR




PA3E 0214

03 strwees DOLPPLUKR SUBRUGTINE 11/5/77° #astans

DOURLE PRACISION

HPY BY 10

200070 Lilyl0 NOP
JJCa66a CLE,EiLA
09567¢C ELB
£7007344d STA DTMP4
£74035H ST8 DTMPS
200046 CLE JELA
Ca5670 BB

PRIV ST CLEELA
398670 ELB
onggen CLE
040034y ADA [ITMP4
22940 St/
03607549 B
24403854 AR DTMPS

126541R

JMP Y10,

(R RS

1049 205414
N850 00542
3851 00543
3652 00544
1853 NQ545
0854 (00546
2055 00547
nNe56 00559
0057 00551
2058 0552
0ns59 Nn55H3
1860 00n5hH4
nNo61t  0nds5b
1862 J055H6
1063 ans557
1065%us

J066uuew THIS
006 78u% 1 TO

SURTNUTTIHE CORVERTS AN INTEGER NUANTITY IN THE RAMGE

Q97 10 (=de=y 21001

NOGR#=#
366G  0nS60
1079 00%6d
1871 020562
0072 00563
0873 20564
0074 20565
0875 20566
2076 00567
1077 Jns70
0078 20571
2079 InsS7?
o8N 90573
ne81 Jn574
3082 20575
3083 10576
ne/a 20577
ne8S 230500
N08s 00601
2087 204602
pB8R  2nbUT
Y086 02nAkN4
9890 00605
3891 J9nb0é
D22 InAs07
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